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Preface 

When I studied biology in Beijing as an undergraduate, as far as I remember, except a brief 

introduction to Ervin Schrödinger’s What is Life? (but from a professor of physico-

chemistry), I never heard any professor of biology even mentioning about the question 

of the nature of life. Of course, like every student in biology, I studied general biology, 

biochemistry, molecular biology, genetics, developmental biology and many other 

biological subjects all claiming to deal with life. In addition, like most of my 

undergraduate friends, I accepted common sense materialism and never bothered to 

think about the nature of life. If the question of the nature of life were raised to a working 

biologist (or to me at that point), most probably she would come up with a list of concepts: 

inheritance, development, metabolism, reproduction, evolution and some others. She 

would also follow common sense materialism and take life to be a somewhat special type 

of materialistic organization or in more philosophical terms, an emergent property. 

Further, naturally, she would treat her work as part of a larger enterprise to solve the 

riddle of life.  

After moving to history and philosophy of science, for the sake of convenience, I chose 

biology as my speciality. I started to read literature in philosophy of biology. Then I 

discovered that philosophers were extremely interested in talking about life, directly or 

indirectly. The nature of life is an important topic for philosophers; they have also 

developed a variety of philosophical doctrines to justify the uniqueness of life and defend 

the autonomy of biology, often against the so-called imperialism of physics. I also found 

their argumentative strategy quite straightforward. One just goes to biology textbooks or 

journals to get some case studies, then one argues that these case studies show that life is 

unique. Yet since there are infinite amounts of case studies, life has been claimed to be 

unique from many different perspectives: inheritance, development, metabolism, 

reproduction, evolution and many others.   

Then my first feeling is that it seems not difficult to do philosophy of biology, as one 

can use often textbook biological knowledge to “argue” for a philosophical doctrine about 

the uniqueness of life. However, even though philosophers of biology are anxious to 

justify the uniqueness of life, they almost universally reject vitalism in its most popular 
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form. For philosophers of biology, such a vitalism posits nonmaterial entities which go 

against common sense materialism, or in their more accurate words, the materialist or 

physicalist worldview or physicalistic naturalism, supposedly vindicated by modern 

science. Here I strongly felt that things were not quite right. If philosophers all accept the 

so-called physicalist worldview (or as they call it “ontology”), how can they still justify 

the uniqueness of life? Of course, their answer will naturally be that it can be done from 

what they call the “epistemological” standpoint. But does the presentation of elementary 

biological knowledge lead automatically to a successful justification of the uniqueness of 

life?  

Something must have gone wrong, I told myself. But I needed to find a method to figure 

out what it was. This came unexpectedly from reading logical empiricists’ criticisms of 

vitalism. Contrary to conventional wisdom, logical empiricists did not reject vitalism by 

presuming common sense materialism or the physicalist worldview. Instead, they 

considered vitalism to be an invalid hypothesis in biology for logical reasons: vitalists 

failed to give vital laws. Also, for this, I realized that logical empiricism is not quite like 

what the philosophy of science textbooks tell us about it. So, I started to merge myself in 

the writings of major logical empiricists. Slowly, I also learned about the fascinating 

philosophical exchanges among logical empiricists, pragmatists, Neo-Kantians and 

phenomenologists. After this, I believed that I came to a genuine intellectual 

breakthrough, on at least two points. First, I was confident that I had the right analytical 

tool in hand, that is, logical analysis of scientific knowledge, endorsed by the four schools 

mentioned above. To me logical analysis also indicates a revolutionary break from 

traditional philosophy as well as mainstream analytical philosophy: scientific knowledge 

stands by itself and cannot be used to support any philosophical doctrines. Second, I 

started to rethink about my deeply ingrained common-sense materialism, or as some 

philosophers will simply call it, (physicalistic) naturalism. To me, such an unhealthy 

naturalism dogmatizes science and uses it as an ideological weapon. In contrast, a healthy 

naturalism must be grounded in a proper transcendental philosophy, as articulated by 

philosophical giants like Kant, Cassirer and Husserl. With these two points I went back to 

the question of the uniqueness or the nature of life. I decided to clarify this question and 

its possible answers through a logical analysis of available scientific knowledge. If a 

scientist tries to answer this question by giving hypotheses and seeking evidence, a 

logical analyst only attempts to present scientific knowledge (hypotheses and evidence) 

in a clearer (formal) way. The result of my logical analysis indicates that life is much more 

peculiar than expected. Indeed, I believe that Kant already achieved this result at the late 

eighteenth century. Despite the great advancement of scientific knowledge after him, 

Kant’s answer remains correct and to me his logical ability still stands at the peak of 

human reason. Indeed, it is not incorrect to say that my thesis defends a principally 

Kantian standpoint based on updated scientific achievements. Then, what is the nature 

of life, seem from available scientific knowledge? Please, start to read this thesis.
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Introduction 

Questions about vitalism 

The present thesis is the first part of a larger project, the goal of which is to contribute a 

comprehensive study of vitalism, from the historical as well as the logical points of view. 

Even though vitalism is often treated as a doctrine available merely in biology (the science 

of life), the project adopts a much broader perspective, by attending to vitalist or quasi-

vitalistic doctrines in physics (the science of matter), psychology (the science of mind) 

and other social sciences also dealing with mental concepts. The second part of the 

project concerns psychology and other social sciences (perhaps even including 

literature), and it will be left for the future. The present thesis, as the first part of the 

project, concentrates on vitalist or quasi-vitalistic doctrines in biology and physics. Its 

central focus is the contrast between life and matter. 

This thesis aims at a historico-logical study of vitalism, so it consists of two parts. Part 

I presents the results of historical research, and Part II exhibits those of logical analysis. 

In this thesis, the logical part II relies essentially on the results from the historical part I. 

In the end, based on previous historico-logical results, the thesis concludes with a 

tentative answer to the so-called central question of biology, that is, the question of the 

nature of life. 

Now we must enter into the details. At the start, since some readers might not be 

familiar with the term “vitalism”, it seems both desirable and necessary to offer a 

preliminary account of vitalism. Meanwhile, it must also be noted in advance that this 

account does not aim at a complete list of vitalisms, which ideally should comprise every 

doctrine termed “vitalism” in the history of science. Yet, incomplete as it is, this account 

of vitalism, I believe, captures the meaning currently attributed to the term “vitalism” by 

scientists and philosophers.  

Vitalism, in this preliminary account, indicates the biological doctrine proposed in the 

early twentieth century by the prominent German embryologist Hans Driesch (1908a, b; 

1914; 1926; Churchill 1969; Allen 2008). The central postulate in Driesch’s vitalism is the 

concept of the entelechy. For Driesch, entelechies, unlike materialistic entities, are 
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nonmaterialistic, bio-specific agents responsible for governing some peculiar phenomena 

in the biological world. In Driesch’s mind, these biological phenomena are inexplicable 

by merely referring to physico-chemical doctrines about materialistic entities, and this 

strongly suggests the existence of bio-specific agents at work, at least in relation to some 

biological phenomena. Further, Driesch claimed that biology is a discipline essentially 

different from physics and chemistry. According to Driesch, biology has an autonomy of 

its own because it must attend to properties and functions of these bio-specific agents, 

which are nonetheless absent in physics and chemistry.1  

Driesch’s vitalism, or the doctrine of entelechy, appears clear enough at first sight. 

Numerous questions, however, need to be raised if we desire a more precise 

characterization of vitalism. In general, these questions are of two kinds, often classified 

to be ontological and epistemological (by this, I do not mean that in this thesis we will 

adopt this ontology-epistemology distinction taken for granted today; instead we will 

reject it and re-define the two terms, “ontology” and “epistemology”. See the section 

“terminological issues” in the present Introduction for details). According to 

conventional wisdom, human (psychological) subjects attempt to acquire knowledge 

about the objective world; then ontological questions concern existents or perhaps even 

ultimate existents in the objective world, and epistemological questions deal with knowledge 

acquired by human subjects about such existents. Then, first, given Driesch’s doctrine of the 

entelechy, from the ontological point of view, it is unclear what materialistic entities are. 

Do materialistic entities designate observable objects, such as tables and chairs? These 

are what we generally treat as materialistic objects in everyday life. Yet as a matter of 

fact, in their use of the term “entity”, scientists and philosophers appear to have much 

“smaller” candidates in mind. Then, are these materialistic entities chemical molecules 

studied in chemistry, or are they just atoms in physics, or are they even more 

fundamental particles postulated in particle physics? Moreover, modern physics not only 

deals with materialistic entities, its central concepts also include those like field, force, 

and energy. Shall we classify stuffs denoted by these concepts as materialistic entities?  If 

not, then physics also possesses nonmaterialistic concepts, and being nonmaterialistic is 

not an original sin. But there follows the question that why the concept of the entelechy 

cannot be one of them. Moreover, since it is almost certain that physicists will affirm the 

 

                                                      
1  Driesch’s doctrine of the entelechy is today widely accepted as the representative type of vitalism. For 

instance, William Bechtel and Robert Richardson suggested that “vitalists hold that living organisms are 

fundamentally different from non-living entities because they contain some non-physical element or are 

governed by different principles than are inanimate things” (1998: 639). Scott Gilbert and Sahotra Sarkar 

asserted that “in vitalism, living matter is ontologically greater than the sum of its parts because of some life 

force (‘entelechy’, ‘elan vital’, ‘vis essentialis’, etc.) which is added to or infused into the chemical parts” (2000: 

1). Ingo Brigandt and Alan Love took vitalism to be “the doctrine that biological systems are governed by forces 

that are not physico-chemical” (2017: 3). Despite terminological differences, all these definitions of vitalism are 

primarily motivated by Driesch’s doctrine of the entelechy. 
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existence of more fundamental particles in the future, is there perhaps a slight possibility 

that biologists might as well affirm the existence of Driesch’s entelechies, just like 

physicists do for fundamental particles? (this point is raised by Waddington 1967) 

According to conventional wisdom, if the first set of ontological questions are 

concerned with existents or perhaps even ultimate existents in the world, the second set 

of questions are to be raised from the epistemological point of view. As a historical fact, 

Driesch did claim that empirical evidence is available for affirming the existence of 

entelechies: a great many biological phenomena remain unexplainable through physico-

chemical doctrines. However, does it follow from this that every future physico-chemical 

doctrine will remain unable to explain these biological phenomena? If the answer is no, 

how could Driesch warrant the concept of the entelechy? Here also follows a more general 

question. Under what conditions can we accept the concept of the entelechy? These so-

called epistemological questions, along with previous ontological ones, will receive more 

precise formulations as well as more careful treatments in the rest of the introduction 

and the whole thesis. But before doing that, let us look at current scholarship on vitalism, 

by keeping the so-called ontological and epistemological concerns in mind. 

Current scholarship on vitalism 

Vitalism in general and Driesch’s doctrine of the entelechy in particular are met with 

almost universally negative responses from present scientists and philosophers. The 

entry “vitalism” in the Encyclopedia of Philosophy, contributed by the philosopher Morton 

Beckner, rightly points out that “vitalism is not a popular theory among biologists” 

(Beckner 1968: 256). As a matter of fact, vitalism is widely discredited in both biology and 

philosophy. Biologists take the lead in the attack on vitalism. The great biologist and one 

of the co-discoverers of DNA’s double helix structure, Francis Crick, once mocked vitalists 

in his popular seller Molecules and Men: “to those of you who may be vitalists I would make 

this prophecy: what everyone believed yesterday, and you believe today, only cranks will 

believe tomorrow” (Crick 1966: 99).2 With the authority of his great success in molecular 

genetics, Crick urged tackling the problems of life from the reductionist viewpoint, that 

is, with a focus on molecular and genetic levels. 

However, Crick’s reductionist attitude is sometimes at odds with that of developmental 

biologists, who often insist that living nature is incomprehensible without investigations 

at the organismic level. Nonetheless, contemporary developmental biologists are equally 

critical of vitalism. The prominent biologist and the author of the widely used textbook 

Developmental Biology (2013) Scott Gilbert, along with the philosopher Sahotra Sarkar, also 

raised strong criticisms of vitalism (Gilbert and Sarkar 2000). For Gilbert and Sarkar, 

 

                                                      
2 Yet it should be noted that Crick did not oppose much more nuanced forms of vitalism. See chapter 3 for details. 
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vitalism is heretical because it advances a “non-materialist claim”. As a result, it confirms 

the existence of some specific “life force”, thereby going against the “ontologically 

materialistic philosophy”, which “provides the basis for contemporary natural Science” 

(1). The statures of Crick and Gilbert attest the general appraisal of vitalism shared by 

biologists. If present biologists bother to talk about vitalism, they quickly dismiss it as a 

heretic theory in the history of biology. Even worse, for some of them vitalism is not only 

a metaphysical heresy, but also a major obstacle of establishing a scientific biology in the 

history of science. 

The hostility towards vitalism possessed by biologists can be easily understood. It is 

the consequence of their acceptance of the following ontological picture. Like Gilbert and 

Crick, most biologists are de facto common-sense ontological materialists, and they consent 

to the claim that living organisms are ontologically composed of materialistic entities 

such as molecules and atoms. This ontological picture, according to biologists, excludes 

any possibility of the existence of vital agents peculiar to living organisms. The 

philosopher Thomas Nagel took this ontological position to be the default stance adopted 

by present scientists, phrased as “reductive materialism” (Nagel, T. 2012: 3-12). 

When judging vitalism, philosophers often agree with biologists on this ontological 

picture. A leading philosopher of biology, David Hull, once asserted forcefully, “both 

scientists and philosophers take ontological reductionism for granted. Vitalism is dead. 

Organisms are nothing but atoms, and that is that” (Hull 1981: 282). Hull’s assertion 

appeals to an ontological picture, in which atoms are treated as materialistic entities. 

However, as alluded above, first, Hull’s ontological picture fails to include physical 

concepts such as field, force and energy, and it seems odd to treat these as materialistic 

entities. Second, atoms are no longer treated as ultimate existents of nature, at least in 

particle physics. Physicists now take it for granted that there are more fundamental 

particles than atoms. 

Then other philosophers want to be more precise. They tend to more carefully 

characterize the ontological picture only imprecisely presumed by biologists. After all, 

biologists care little about ontological issues, especially when the latter are concerned 

with ultimate existents of nature (organisms are never considered to be ontologically 

ultimate). Yet to address basic facts in modern physics previously mentioned, some 

philosophers have developed a more sophisticated position, termed “physicalism”, to 

replace the old materialism. The term “physicalism” originated in the writings of logical 

empiricists (Neurath 1931; Carnap 1934a; Frank 1947). Even though logical empiricists, as 

will be shown below, stressed that their physicalism should be received as a working 

maxim (Hempel 1951), rather than an ontological position (Feigl 1981/1950), some 

current formulations of physicalism, especially those in apriori forms, only aim to 

elaborate a unified ontological picture. For these, physicalism refers to the doctrine that 

everything in the world is ultimately physical (Stoljar 2015: 4-5). By this terminological 

change from “materialistic” to “physicalistic”, physicalism on the one hand, takes non-
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materialistic concepts in modern physics into account; on the other hand, it claims to rely 

on ongoing physical sciences, rather than knowledge in physics at a particular period of 

time.   

Some might suspect that this terminological change is a mere linguistic trick, and I will 

come back to these terminological issues soon. Despite this terminological change, 

however, one fact pertaining to vitalism persists. Regarding vitalism, now with the 

default stance of physicalism, philosophers appear to strengthen their negative attitudes. 

For instance, the philosopher Alexander Rosenberg stated that “modern science...is 

committed to ‘physicalism’: the assumption that there is only one kind of stuff, substance, 

or thing in the universe, from matter, material substance, and physical objects, all the 

way down to quarks” (2006: 2). Rosenberg treated physicalism as a “metaphysical thesis” 

(25) which rules out vitalism outright: “there are no non-physical events, states, or 

processes, and so biological events, states, and processes are ‘nothing but’ physical ones” 

(25). In addition, the prominent philosopher of biology Peter Godfrey-Smith only devoted 

a tiny space to vitalism in his Philosophy of Biology (2014) textbook. According to Godfrey-

Smith, vitalism is at odds with the physicalist interpretation of life, and it “faded as the 

mechanistic side of biology advanced” (10). 

So, it is clear that present biologists and philosophers reject vitalism, by presupposing 

some ontological, or in Rosenberg’s term, metaphysical positions (for a clarification of 

possible differences between the meanings of the two terms “ontological” and 

“metaphysical”, refer to the “terminological issues” section in the present Introduction. 

In this thesis the two terms will be used interchangeably, but in most cases I prefer 

“metaphysical”). They take either materialism or physicalism to be a default 

metaphysical position; and because vitalism is at odds with these positions, it is rejected 

as a metaphysical heresy. Moreover, the situation now has become worse, especially 

when philosophers start taking positions without making the meanings of their positions 

clear enough. While there is no need for working biologists to care about vitalism, it 

seems quite expedient for philosophers to dismiss rival positions as vitalistic heresies. 

This phenomenon has been summarized by Susan Oyama, “one need not be a scholar of 

vitalism to know that it can be a potent instrument of abuse, albeit one that often 

contaminates by association and innuendo rather than outright accusation” (2010: 401). 

Oyama offered a good example. As an anti-reductionist in philosophy of biology, Oyama 

has been classified as a vitalist for her enthusiasm with concepts such as complexity and 

organization. But for Oyama, reductionists are genuinely hard-core vitalists, because they 

rely on mysterious concepts such as information.3 

 

                                                      
3 There is a more entertaining example from philosophy of mind. In a debate concerning the so-called hard 

problem of consciousness, even without a precise account of vitalism, philosophers use the charge of vitalism 
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The brief survey of the attitudes of biologists and philosophers indicates the present 

consensus that vitalism is a metaphysical heresy in biology. In the entry “Reductionism in 

biology” of the Stanford Encyclopedia of Philosophy, Brigandt and Love gave an excellent 

summary of almost all metaphysical/ontological issues relevant to the rejection of 

vitalism: 

Ontological reduction is the idea that each particular biological system (e.g., an 

organism) is constituted by nothing but molecules and their interactions. In 

metaphysics this idea is often called physicalism (or materialism), which assumes in a 

biological context that (a) biological properties supervene on physical properties 

(i.e., no difference in a biological property without a difference in some underlying 

physical property), and (b) each particular biological process (or token) is 

metaphysically identical to some particular physico-chemical process... Ontological 

reduction in this weaker sense is a default stance nowadays among philosophers 

and biologists...The denial of physicalism by vitalism, the doctrine that biological 

systems are governed by forces that are not physico-chemical, is largely of historical 

interest. (2017: 3; emphasis added) 

This summary was written in 2017. In my view, it provides one of the most forceful 

illustrations of how vitalism is rejected today by presupposing metaphysical/ontological 

positions of materialism or physicalism.4 Although a ruthless rejection is issued, at the 

same time the two authors also pointed out a possible approach to studying vitalism. They 

suggested that if one is still interested in vitalism, he or she needs to turn to the history 

of science. Then, are historians of science more sympathetic with vitalism? 

Unfortunately, in earlier works on the history of biology the hostility towards vitalism 

was not altered, and earlier historians often tended to present vitalism as an obstacle, 

only to be overcome in a more scientific biology. For instance, in his classic the Growth of 

Biological Thought Ernst Mayr asserted that “(vitalism) virtually leaves the realm of science 

by falling back on an unknown and presumably unknowable factor…” (1982: 52). Donna 

Haraway, in her influential book on the history of embryology ridiculed vitalism because 

vitalism “look(s) outside science for an outstanding of organisms” (1986: 197). Obviously, 

by the term “vitalism”, Mayr and Haraway still meant Driesch’s doctrine of the entelechy. 

 

                                                      
to discredit their opponents. Daniel Dennett claimed that if there exists irreducible consciousness, then 

analogically, vitalism will hold in biology (1995). The validity of this analogy is disputed by David Chalmers 

(1995). Notwithstanding the details in their arguments, for us it is easy to see that the charge of vitalism is used 

as a weapon to attack rival positions. 
4  Some have questioned to what extent present scientists and philosophers have accepted this ontological 

picture. In my experience, among scientists I have encountered no exception. As to philosophers, while I cannot 

give any convincing statistical results, Peter Unger’s recent book attests forcefully that mainstream analytical 

philosophers almost universally embrace this ontological picture he defined as “Scientiphicalism” (see 2014: 32 

for its full contents, which are too long for a full quote here).  



 

 7 

And following most biologists and philosophers, they dismissed vitalism as a 

metaphysical heresy. 

Yet now the situation has changed a bit. More recent historians of biology have been 

less inclined to dismissing vitalism too quickly, as biologists, philosophers and some 

earlier historians of biology have done. In the first place, several historians returned to, 

in particular, Driesch’s doctrine of the entelechy and give it a closer examination. After a 

detailed reading, they often concluded that a quick dismissal of Driesch’s vitalism is 

unjustified, or at least does no justice to the richness and complexity of Driesch’s writings. 

For instance, Shelly Innes (1987) offered a sympathetic reading of Driesch’s vitalism, and 

she contended that it is better to term Driesch’s doctrine “scientific vitalism” (also see 

Szkutnik 2014 for “methodological vitalism”). According to Innes, Driesch, a man of vast 

learning in biology, never intended his vitalism to be a metaphysical thesis, and he took 

pains to stress its empirical relevance. In an earlier Ph. D thesis, Horst Freyhofer (1979) 

provided a more complete interpretation of Driesch’s vitalism. According to Freyhofer, 

Driesch went far beyond biology with his doctrine of the entelechy. In his later 

philosophy career Driesch came up with a philosophy of nature and speculated 

extensively on how entelechies might operate in the physical universe. In addition to 

these focusing on vitalism, there are also articles devoted to a fairer presentation of 

Driesch’s scientific achievements (Sanders 1992a, b, c, 1993, 1997; Waisse-Priven and 

Alfonso-Goldfarb 2009). 

In the second place, a few prominent historians of biology have identified a variety of 

doctrines labelled as “vitalism” before Driesch, even though not all of their major 

concerns are about vitalism. As a result, the topic of vitalism has entered, although 

indirectly in some cases, several celebrated monographs on the history of biology in the 

eighteenth and nineteenth centuries. For instance, Timothy Lenoir (1982) showed 

indirectly that vitalist considerations abounded in nineteenth-century German biology 

in his monograph the Strategy of Life, even though he considered the replacement of 

vitalism by teleological thinking to be an improvement. In Robert Richards’ 2002 The 

Romantic Conception of Life, nineteenth-century German biology also comes into central 

focus. In this book Richards discussed the notion of vital or organic forces (313-21) and he 

treated themes in Naturphilosophie and Romanticism in greater details. Later in 2005 Peter 

Reill published Vitalizing Nature in the Enlightenment and treated vitalist themes in the 

eighteenth century with care and clarified several doctrines of vitalism. He contended 

that these doctrines were imbued within a positivistic rather than metaphysical spirit. 

Reill tended to place the ensuing Naturphilosophie in the metaphysical camp. Yet, Reill was 

challenged more recently by John Zammito in his monumental The Gestation of German 

Biology (2018) and Andrea Gambarotto in Vital Forces, Teleology and Organization (2018). Both 

suggested that Naturphilosophie is not as speculative as Reill implied, and that some 

moderate forms of vitalism were historically important to establishing biology as a 

scientific discipline. Joan Steigerwald (2019) further deepened this thesis and focused 
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even more on experimental inquiries about “organic vitality” in the formative period of 

the science of life.5  

In the third place, recently there has been a growing trend among scholars in literary 

criticisms to investigate into vitalistic themes in literary writings during or before the 

Romantic period. For instance, recently Amanda Goldstein in her Sweet Science: Romantic 

Materialism and the new Logics of Life (2017) identified life as a central topic in some 

romantic poetries (but this is not her main contention). Earlier Robert Mitchell in his book 

Experimental Life (2013) focused on scientific and literary means of comprehending 

vitalisms in Romanticism. Similar works on romanticism and broadly vitalistic doctrines 

can be found in Gigante (2009), Armstrong (2003) and Müller-Sievers (1997).  In contrast, 

Catherine Packham investigated into the eighteenth century discourse on vitalism. In her 

Eighteenth-Century Vitalism: Bodies, Culture, Politics Packham found vitalistic themes in 

physiology, philosophy and even radical politics in the Scottish Enlightenment. To 

summarize, vitalism or at least vitalistic terms appeared to be deeply embedded in 

scientific, philosophical, and literary works in the eighteenth century and the early 

nineteenth century. 

By the way, some might cast doubt on the legitimacy of including these literary 

criticism studies when writing a history of vitalism. However, it is not coincident at all 

that vitalistic terms could be part of literary themes during the Romantic period. But 

since these phenomena indicate more the intriguing relation between life and mind (see 

the Conclusion), in this thesis (which focuses on life and matter) we will only argue briefly 

for one important reason: vitalistic terms were often associated with a sense of 

indeterminism and appeared intimately connected with terms like “unpredictability”, 

“creativity” or even “freedom”, often celebrated in literary writings (see chapter 3 and 

the Conclusion).  

Now return to the history of biology. Today the most well-known scholar on vitalism 

is Charles Wolfe. Wolfe started with the French Montpellier school of medicine in the 

 

                                                      
5 These historians dealt with vitalism only indirectly, and for sure they acknowledged the role of vitalism in the 

history of biology or even the establishment of biology as a scientific discipline. However, I suspect that they 

would still dismiss doctrines of vitalism, at least those similar to Driesch’s doctrine of the entelechy if they were 

forced to make a choice. For instance, Lenoir still treated vitalism, if I read him correctly, as a curse to be 

avoided. Lenoir distinguished between three versions of “the teleo-mechanist program” (12), from the first 

“vital materialism” (14) to the second “developmental morphology” (14), and finally to the “more consistent 

and theoretically more powerful...functional morphology” (14). Yet according to Lenoir, the first two were 

committed to “the notion of special emergent vital forces” (14), while the third insisted that “the assumption 

of vital forces had to be rejected” (15). In all, according to Lenoir, the evolution of “the teleo-mechanist 

program” in nineteenth-century German biology indicated that “vitalism was dead, but teleological thinking 

continued to exert a strong hold on biological theory” (14). But in my view, a logical analysis will show that the 

contrast between vitalism and teleology is untenable, and any interesting teleology in biology must allude to 

the peculiarity of vital life (for details, see chapter 8). 
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eighteenth century. Deepening the themes made in Reill (2005), Wolfe emphasized that 

at least some forms of vitalism in the eighteenth century went “without metaphysics” 

(Wolfe and Terada 2008; Wolfe 2008; also see Huneman 2008; Waisse-Priven, S., Amaral, 

M. & Alfonso-Goldfarb, A. M. 2011). In addition, Wolfe identified what we might call the 

doctrine of Newtonian vitalism, inspired by Newton’s conceptual innovations in classical 

mechanics. Importantly, Newtonian vitalism also went without metaphysical baggage 

(Wolfe 2014). Moreover, Wolfe in another article opposed the traditional dichotomy 

between vitalism and materialism. He identified a few vital materialists in the eighteenth 

century who attributed inherent vital forces to matter (Wolfe 2013a, 2017a; also see 

Yolton 1984; Zammito 2018: 97-121; Sloan 2019a). Finally, Wolfe also aimed to show that 

vitalism was deeply embedded in the eighteenth-century context of the Enlightenment, 

the continuation of the scientific revolution, anti-mathematicism, and the rise of 

experimentation (Wolfe 2011a, 2013b, 2017b; 2018; Normandin and Wolfe, eds. 2013). 

Similar historical arguments have been made by Lipman (1967), Brown (1974), Haigh 

(1977), De Klerk (1979), Sutton (1984), Garrett (2003), K. Chang (2011), Burson (2014), 

Packham (2018) and Bognon-Küss (2019), for different themes and different periods.  

Now it is confirmed that a variety of doctrines in the eighteenth and nineteenth 

centuries have been judged vitalistic, and that the term “vitalism” was used in many 

different meanings in the history of science. Hence a categorization of these different 

meanings and doctrines must be highly desirable. Indeed, E. Benton’s early but 

illuminating article (1974), based on Kemeny (1959), Jorgensen (1965), and Toulmin and 

Goodfield (1962), already offered a topology of vitalism in the nineteenth century. 

According to Benton, doctrines of vitalism in the nineteenth century differed in three 

dimensions, “the degree of epistemological skepticism (or its converse, metaphysical 

daring)” (20), “the formal character of the explanations they propose” (21) and “fields of 

study” (23). Regarding the first dimension, for Benton there were “phenomenalist” 

vitalism in which “no underlying agency was hypothesized” (21), “realist” vitalism who 

“hypothesized the existence of incorporeal agencies or distinctive (non-chemical) 

material constituents in the living body” (21). As to the second dimension, there was 

“teleological” vitalism in which “vital powers were sometimes conceived of, not as minds 

or souls, but analogous to them in that they were supposed to operate rationally in 

pursuit of some aim or goal” (21-2), “nomological” vitalism which “thought of...vital 

powers as being exercised ‘according to laws of blind necessity’, laws which could be 

discovered by observation and experiment, but which would not be reducible to the laws 

of physics and chemistry” (22), and finally “non-nomological” vitalism which claimed 

that “the exercise of the vital powers was not subject to law-like regularity of any 

sort...nevertheless such vital powers were presented as explaining vital phenomena” (22). 

Concerning the third dimension, there were “morphogenic” vitalism produced in 

connection with structural “problems of embryology and regeneration” (23), 

“physiological” vitalism formulated in response to functional “problems about functions 
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and processes occurring in organisms” (23), and “chemical” vitalism which, though only 

in the early nineteenth century, insisted on “the autonomy of organic chemistry” (24), by 

the belief that “special forces or powers found only in organic bodies were necessary for 

the formation of organic compounds” (24). 

Perhaps due to the infamy of vitalism, almost forty years later in 2011 we finally have 

another significant attempt to draw a distinction between different types of vitalism (but 

also see Bechtel and Richardson 1998; Schummer 2003; Greco 2005; Sartenaer 2018; Mix 

2018: 175-187). Based on his extensive works on the history of biology, Wolfe (2011b) 

recommended that there are three kinds of vitalism, substantival, functional and 

attitudinal. The first two appear to be locatable with ease in Benton’s first dimension. 

Substantival vitalism, resembling Benton’s realist vitalism, presupposes the existence of 

“a (substantive) vital force” (212). Functional vitalism, similar to phenomenal vitalism, 

indicates “an attempt to ‘model’ or ‘describe’ organic life without reducing it to fully 

mechanical models or processes” (213). But Wolfe also added a third, attitudinal vitalism, 

inspired by the great French historian and philosopher Georges Canguilhem (Etxeberria 

and Wolfe 2018). According to Wolfe, attitudinal vitalism is “a fundamental existential 

attitude” (Wolfe 2011b: 224), which persistently reminds the inquirers of the uniqueness 

of life. 

In all, compared to biologists and philosophers, historians have adopted a more 

sympathetic attitude towards vitalism, and they have identified various doctrines of 

vitalism in the history of science. Based on these historical works, further, scholars such 

as Benton and Wolfe have tried to categorize different types of vitalism. This attempt to 

categorize or to distinguish between different meanings associated with the term 

“vitalism”, to emphasize, has also an implicit purpose of legislating vitalism. For these 

historically minded scholars, the reputation of vitalism might be saved, if they are able to 

show that not every doctrine of vitalism in the history of biology was a metaphysical 

heresy. Indeed, as several authors have tried to demonstrate, some doctrines of vitalism, 

even including Driesch’s doctrine of the entelechy, do have some, though unclarified, 

relevance to empirical research. 

The study of vitalism, as we will see, remains nevertheless incomplete from the both 

historical and logical points of view. And in consequence, three key questions about 

vitalism stand unanswered. The first is a historical question, and it urges that more kinds 

of vitalism in the history of science need to be identified; the second is a logical question, 

and it tends to clarify more exactly the role of vitalism in biology; the third is, we might 

declare ambitiously, the question of the nature of life. This question, in my view, has not 

received a satisfying answer because current scholarship on vitalism falls short both 

historically and logically. Now let me elaborate the three questions. 
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History/logic/the nature of life 

Despite efforts made by recent historians of biology to identify different doctrines of 

vitalism, numerous alternatives have remained unknown. This can be seen in Benton’s 

third dimension, “fields of study”. Just recall Benton’s “morphological vitalism”, 

“physiological vitalism” and “chemical vitalism”. First, shown by the first two kinds of 

biological vitalism, vitalistic doctrines identified by recent historians almost exclusively 

focus on vitalism and organism. Second, even though Benton offered the category of 

“chemical vitalism”, very few historians have noticed the existence of doctrines of non-

biological vitalism (but see Lipman 1967). Regarding the historical question, respectively, 

in Part I of this thesis we shall place emphasis on (1) vitalism and evolution, a theme 

unrecognized but still belonging to biology (chapter 1), and (2) vitalism and physics, a 

theme spanning biology and physics (chapter 2). 

As mentioned above, current scholarship on vitalism concentrates on the history of 

science, almost exclusively on the relation between vitalism and organism (inheritance, 

development, metabolism, reproduction, etc.) in biology. The main achievement is the 

identification of a variety of vitalistic doctrines, especially those alternative to the 

Drieschian (not exactly Driesch’s, though) metaphysical heresy. Based on these historical 

results, some scholars hope to legislate the use of the term “vitalism” and then save the 

reputation of vitalistic doctrines in general. For them, vitalism in the history of science 

has its own empirical relevance. 

However, from the logical point of view, the empirical relevance of vitalism is not fully 

clarified. Since the logical question cannot be presented as straightforward as the 

historical question, let us first make a diversion and return to the distinction between 

substantival vitalism (the presupposition of “a (substantive) vital force”) and functional 

vitalism (“an attempt to ‘model’ or ‘describe’ organic life without reducing it to fully 

mechanical models or processes”) in Wolfe (2011b). Following this distinction, he dubbed 

the great eighteenth-century physiologist Georg Ernest Stahl and of course Driesch as 

substantival vitalists, for the former’s advocacy of the directing-everything “soul”, and 

the latter’s appeal to the entelechy as the living principle. In contrast, for Wolfe 

functional vitalists adopt a much more empirical perspective and set forth “a structural, 

relational, positional approach to what makes living bodies unique” (218), and these 

include Montpellier vitalists and Newtonian vitalists in the eighteenth century. Then 

according to Wolfe, presumably, free from any strong metaphysical commitments, 

functional vitalists treat vitalism as a heuristic tool, with a focus on the uniqueness of life. 

Wolfe’s distinction indicates an explicit attempt to isolate vitalisms of empirical 

relevance from vitalisms as metaphysical heresies. I believe that Wolfe’s distinction is 

sound in general, yet only regarding biologist thoughts and attitudes towards vitalism in the 

eighteenth and nineteenth centuries. This distinction is valid for a historical survey for 
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biologist thoughts and attitudes. 6  What historians have successfully shown are that 

biologists who made empirical achievements in the eighteenth and nineteenth centuries 

did use phrases such as “vital forces” and “vital powers”. By these phrases, some of these 

biologists did make metaphysical claims, while others deliberately stressed that these 

indicated purely empirical phenomena. 

However, even though the distinction between substantival vitalism and functional 

vitalism is valid to categorize biologist thoughts and attitudes, it might not be valid, 

content-wise. In that case, biologists who made the distinction would be hopelessly 

confused. Such confusions are already detectable in Wolfe (2011b). On the one hand, as 

Wolfe admitted, substantival vitalism was also “scientifically studied” (212). Then, does 

this, even in the slightest sense, indicate that substantival vitalism can be used as a 

heuristic tool and therefore become functionalized? On the other hand, when functional 

vitalism claims to capture “the uniqueness of living bodies” (218), does it succeed in doing 

that?  Maybe in order to do that, it must also advance quasi-substantival claims?  

All these questions are raised from the logical point of view. In the rest of the 

Introduction, I show that the substantival-functional distinction mirrors the more 

general substance-quality (or property) distinction, then the ontology-epistemology 

distinction, and ultimately the objective-subjective dichotomy. All of these are taken for 

granted in metaphysical forms of naturalism (e.g., materialism and physicalism 

mentioned above) today. For metaphysical naturalists, matter must be granted the status 

of substance, ontologically speaking; vitalism is consequently only able to retain some 

legitimacy by being functionalized from the epistemological point of view. Even though 

metaphysical naturalism  is the default position in mainstream analytical philosophy 

today (see “Methodological considerations” for details), in this thesis I still attempt to 

make a case for transcendental philosophy as a better alternative to comprehend 

scientific knowledge. Under transcendental philosophy, importantly, all above 

distinctions (substantival-functional, substance-quality, ontology-epistemology, 

objective-subjective) will finally be dissolved and relevant terms (substance, ontology, 

objectivity, etc.) reinterpreted. With this insight, Part II of this thesis attempts to answer 

the logical question related to vitalism. Accordingly, we shall examine (1) the refutation 

 

                                                      
6 One common objection raised against this distinction is that the two categories are applicable to the same 

biologist: in one portion of her works, or in one period of her life, she might be a substantival vitalist, but in 

other portions or periods she is a functional vitalist. For instance, under more complete assessments, Driesch 

was a functional vitalist. And similarly, under Stahl’s contemporary M. de Bordeu’s interpretation, Stahl could 

be treated as a functional vitalist who used the soul only as a metaphor (but note that Stahl did not say this by 

himself, see Wolfe 2011b: 220). But this objection in its main idea has no force because Wolfe’s distinction is not 

intended to categorize biologists but their thoughts and attitudes. The fact that biologists themselves might be 

confused or change their minds is irrelevant to the validity of this distinction. 
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of vitalism (chapter 3), (2) anti-reductionism (chapter 4), (3) organicism (chapter 5), (4) 

evolution (chapter 6), (5) theory (chapter 7) and (6) teleology (chapter 8).   

After answering the historical and logical questions, in the concluding chapter the 

thesis proceeds to the final and most exciting question, that is, the question of the nature 

of life. We clarify a highly synthetic answer by attending to available scientific knowledge, 

past and present. This answer, I claim, will make sense of both the history of vitalism as 

well as quite a few logical issues in biology.  

Methodological considerations 

Now since we have three main questions about vitalism ready, it is time to offer some 

methodological reflections on how to answer these questions. The general rationale is 

that the answers must come from a critique of available scientific knowledge. We accept what 

sciences have been able to tell and nothing more. In this section I deal with methodological 

issues in general. Let us now start with the method of the logical analysis of science, or in 

brief we might say, the logic of science. 

The logic of science 

The phrase “the logic of science” comes from a manifesto entitled the Unity of Science, 

produced by logical empiricists from the Vienna Circle (Carnap 1934a). It was intended by 

logical empiricists to indicate a new or even revolutionary method in philosophy, that is, 

the logical analysis of science. In the present thesis, it is with this method that we shall 

answer the logical question about vitalism and the question of the nature of life. Yet 

before doing that, we must ask, what exactly does “the logic of science” mean? In my 

view, the answer provided by logical empiricists is in general adequate; moreover, this 

method, I believe, is also endorsed in pragmatism, Neo-Kantianism, and phenomenology 

in different degrees of explicitness. Finally, the answer from logical empiricists might be 

modified, by distinguishing between formal logic and transcendental logic and thereby 

making the transcendental dimension of scientific knowledge more explicit. For such an 

improvement, Neo-Kantianism and phenomenology are to be consulted for inspiration. 

So, regarding the logic of science, in the following we start with a general account of 

logical empiricism, and then move to the other three different philosophies in the early 

twentieth century.  While articulating the method of the logic of science, we also bring 

forth the distinction between naturalism (of logical empiricism and pragmatism) and 

transcendental philosophy (of Neo-Kantianism and phenomenology). 
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Logical empiricism: the logical analysis of science 

To make sense of the phrase “the logic of science”, first it is perhaps useful to look at the 

opening sentences of the Unity of Science. The author Rudolf Carnap wrote: 

In the first place I want to emphasize that we are not a philosophical school and 

that we put forward no philosophical theses whatsoever...we give no answer to 

philosophical questions, and instead reject all philosophical questions, whether of 

metaphysics, ethics or epistemology. For our concern is with...the Logic of Science, 

i.e., the Logical Analysis...of scientific terms and statements” (Carnap 1934a: 21-22) 

By “the logic of science”, Carnap meant the logical analysis of scientific terms and 

statements. Then, of course, we should ask, what is logical analysis, exactly? Carnap 

explained in his article “On the Character of Philosophical Problems”, published in the 

same year: 

Philosophy is the logic of science, i.e., the logical analysis of the concepts, 

propositions, proofs, theories of science, as well as of those which we select in 

available science as common to the possible methods of constructing concepts, 

proofs, hypotheses, theories...To construct science means to construct a system of 

propositions which stand in certain fundamental coherence with one another. the 

logic of science is thus the logical analysis of this system, of its elements and of the 

methods of tying these elements. In such an analysis we start from but two different 

viewpoints; we shall call them connotative and formal......all these questions refer 

to the meaning of concepts and propositions. We call them therefore questions of 

meaning or of connotation. In contrast to this we understand by formal questions 

and propositions such as relate to only the formal structure of the propositions, i.e., 

to the arrangement and kind of symbols (e.g. words) out of which a proposition is 

constructed, without reference to the meaning of the symbols and propositions. 

Formal (in the sense here defined) are e.g. (most of) the rules of grammar. (Carnap 

1984/1934: 6, 8-9) 

According to Carnap, questions related to the logic of science consist of, on the one hand, 

questions of connotations, on the other hand, questions of formal structures of 

propositions. In the terminologies of first-order logic, for instance, concerning the 

proposition or more exactly the formula ∀𝑥(𝑃𝑥 → 𝑄(𝑓(𝑥))), logical analysis attends to 

its formal aspect, namely, the relations among 𝑥, 𝑃, 𝑄, and 𝑓, as well as its connotative 

aspect, that is, what 𝑥, 𝑃, and 𝑄 connotate in the empirical world, i.e., the Interpretation 

attributed to these symbols and the respective Domain.7 

 

                                                      
7 Carnap later contributed two monographs, Logical Syntax of Language (1937) and Introduction to Semantics (1942), 

to explicate these two aspects in greater details. However, I find it difficult to see how these formal 
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Now since it has been made explicit that the logic of science endorses the logical 

analysis of scientific knowledge, we can understand with ease the following remark from 

Moritz Schlick’s 1930 landmark article, “The Turning-point in Philosophy”: 

Philosophy elucidates propositions, science verifies them. In the latter we are 

concerned with the truth of statements, but in the former with what they actually 

mean. The content, the heart and soul of science, is naturally located in what its 

propositions ultimately signify; the philosophic activity of giving significance is 

thus the alpha and omega of all scientific knowledge. (Schlick 1979/1930: 157) 

If we formulate Schlick’s idea in Carnap’s language, then what Schlick maintained is 

simply that empirical sciences supply the Interpretation and the Domain for the symbols 

(𝑥, 𝑃, 𝑄, and 𝑓), and the task of philosophy is to make explicit relevant formal relations 

and material connotations.  

Schlick briefly mentioned the distinction drawn by logical empiricism between science 

and philosophy. Regarding this distinction, a better articulation of the task of philosophy 

comes from Ernest Nagel. Nagel in his 1936 “Impressions and Appraisals of Analytic 

Philosophy in Europe. I” clarified the logical empiricist approach to philosophy: 

They [logical empiricists] take for granted a body of authentic knowledge acquired 

by the special sciences, and are concerned not with adding to it in the way research 

in these sciences adds to it, but with clarifying its meaning and implications. 

Philosophy for these men holds out no promise of settling questions which only the 

empirical sciences are competent to settle; nor does it assume the function of 

legislating what sort of things it is permissible or possible for the empirical sciences 

to investigate. (Nagel 1936a: 6) 

According to Nagel and his friends, the tasks of philosophy are analysis, elucidation, and 

clarification. The logic of science, or the logical analysis of scientific knowledge, is not 

intended to add more than what empirical sciences already possess, nor it aims to 

legislate what empirical sciences should investigate. Its sole goal is to make the system of 

propositions possessed by the sciences explicit. As a result, philosophy from the logical 

empiricist view must become an activity engaging knowledge in logic, mathematics and 

a variety of empirical sciences. This is indeed what logical empiricists shared with the 

philosophical genius Ludwig Wittgenstein. Wittgenstein declared in Tractatus Logico-

philosophicus:  

 

                                                      
achievements are of any deep relevance to the logical analysis of empirical sciences in practice. Some other 

logical empiricists did not share Carnap’s concern. Herbert Feigl (1956: 4-5) distinguished between three 

different styles of logical analysis, “informal logical analysis” (Philipp Frank, Otto Neurath and Richard von 

Mises), “casuistic logical analysis” (G. E. Moore, Bertrand Russell and Ludwig Wittgenstein), and “rigorous 

logical reconstruction method” (Carnap, Hans Reichenbach). 
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Philosophy is not a theory but an activity. A philosophical work consists essentially 

of elucidations. The result of philosophy is not a number of “philosophical 

propositions”, but to make propositions clear. (Wittgenstein 1999/1922: 4. 112) 

The application of this method to empirical sciences, in consequence, gives rise to the 

logic of science. So, in sum, the central task of philosophy, according to logical 

empiricists, is the logical analysis of scientific knowledge. Logical analysis is an activity 

which starts with statements available in empirical sciences. On the one hand, it clarifies 

these statements by putting them into a proper formal order; on the other hand, it shows 

how these statements are related to the empirical world. In the end, the system of 

statements might be expressed with a higher level of clarity after logical analysis, even 

though nothing more is added to what empirical sciences already possess. 

In my view, this is almost all we are able to say, regarding the method of logical 

analysis, so celebrated by logical empiricists as central to their new philosophy. Hardly 

more can be said, as Wittgenstein alluded, “how little has been done when these problems 

have been solved” (Wittgenstein 1999/1922: 28). As a logical empiricist, ideally, one is only 

able to apply this method to analyze concepts and statements in empirical sciences. In 

point of fact, this is what most logical empiricists in the first half of the twentieth century 

did, always with a profound knowledge of relevant sciences. 

Even though not many things can be said about the method of logical analysis in 

general, logical empiricism, for its exclusive concern with logical and empirical issues in 

the sciences, does indicate a revolutionary change in the history of philosophy. However, 

the revolutionary character of logical empiricism has so far been unfortunately 

underestimated, largely due to the persisting influence of traditional philosophy on 

mainstream analytical philosophy today.    

To me at least two points are important. First, according to the logical empiricist 

conception of philosophy, philosophy no longer pursues a unification of all empirical 

sciences into a complete system. Second, philosophy should not bother to offer a so-called 

permanently secure foundation for knowledge, and it does not pretend to legislate or issue 

certificates of legitimacy to concepts and principles in science from any higher 

philosophical standpoint. Philosophy as logical analysis only aims to makes these 

concepts and principles explicit.8 For these two points, the logical empiricist conception 

 

                                                      
8 These two points can be best seen, I suggest, by comparing Schlick’s two different articles devoted to clarifying 

the task of philosophy (1979b/1910, 1979a/1930). In the 1910 article “the present task of philosophy”, Schlick 

still thought of philosophy as partly pursuing a metaphysical worldview on the basis of “the results of the special 

sciences” (110). In the same article, not unlike like Hegel, Schlick even added “culture” into the general 

worldview (113). But in sharp contrast, in the more well-known 1930 article “the turning-point in philosophy”, 

Schlick already adopted the idea of philosophy as logical analysis, and some influence clearly came from 

Wittgenstein (155). Very explicitly, Schlick attacked the viewpoint which still urged philosophy “to provide the 

ultimate foundation of knowledge” (159). 
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of philosophy goes sharply against traditional philosophy. Traditional philosophy tends 

to defend a position (“ism”), potentially non-revisable, either to unify all empirical 

sciences, or to legislate some portions of knowledge. In contrast, philosophy as logical 

analysis turns out to be an unending activity of analyzing, elucidating, clarifying 

statements in the sciences. Only after logical analysis is done, a certain position (“ism”) 

might become defensible in terms of up-to-date scientific knowledge. But such a position 

indicates neither a unified system, nor a permanently secure foundation of knowledge. 

At best, as will be shown below, it either makes suggestions on how to analyze current 

scientific knowledge or recommends tentative attitudes and hypotheses regarding future 

research based on previous results of analysis. 

In my account, logical empiricism sets the central task of philosophy as the logical 

analysis of science. However, if one turns to standard accounts of logical empiricism in 

philosophy of science, encyclopedias of philosophy or history of philosophy, it is almost 

impossible to find the phrase “logical analysis” (e.g., Godfrey Smith 2003; Uebel 2016; 

Creath 2017. The only exception, as far as I know, is Friedman 1991, 1998). Rather, logical 

empiricism is often associated with a few philosophical doctrines and positions, such as 

the verificationist theory of meaning (or the criteria of cognitive significance), the 

analytic-synthetic distinction, the theory-observation distinction, the syntactic view of 

scientific theories, reductionism/physicalism/the unity of science, instrumentalism and 

many others. These doctrines and positions, quite naturally, are treated as answers to 

respective philosophical questions. Moreover, regarding these so-called philosophical 

questions, logical empiricism is often branded as the received view, whose answers have 

been replaced by some more sophisticated philosophical doctrines and positions. 

In recent years a wave of new interpretations (e.g., Stadler, ed. 1993, 2003, 2015; 

Achinstein and Barker eds. 1996; Sarkar ed. 1996; Giere and Richardson eds. 1996; 

Hardcastle and Richardson eds. 2003; Richardson and Uebel eds. 2007; Creath ed. 2012; 

Galavotti, Nemeth and Stadler eds. 2014; Richardson 1998; Friedman 1999) have indicated 

that the dismissal of logical empiricism is very unfair. According to these new 

interpretations, on the one hand, almost no logical empiricists held these doctrines and 

positions, at least not in the way often attributed to them. According to Michael 

Friedman, who put it rather harshly, the conception of logical empiricism as sticking to 

these doctrines and positions “represents an almost total perversion of the actual 

attitudes of the logical positivists” (1991: 507). On the other hand, logical empiricists were 

also found to agree with their critics on numerous points, or at least appreciate their 

concerns. As Friedman summarized again, in “the contemporary reaction against logical 

positivism” (519), ironically, “the battle proceeded largely on the basis of weapons forged 

by the earlier movement itself” (519). We shall discuss some of these new interpretations 

later and explain this peculiar phenomenon, even though there is no need for the present 

thesis to go into any details. These new interpretations, of course, greatly enhance our 

understanding of logical empiricism; however, after they enter the game of the 
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thesis/anti-thesis dialectics in traditional philosophy, one thing remains unchanged. 

These new interpretations still treat logical empiricism as consisting of a set of 

philosophical doctrines and positions, though supposedly much more sophisticated than 

previously thought. But in my view, the nature of these doctrines and positions has not 

been properly understood, because the true revolutionary character of logical empiricism 

as, again according to Friedman, “‘the logical analysis’ of the special sciences” (515), has 

so far received insufficient attention.  

Even though some logical empiricists, after their immigration to the United States, 

participated in these philosophical discussions (e.g., Hempel and Oppenheim 1946; 

Hempel 1965), it is more adequate, I believe, to define logical empiricism as endorsing the 

method of the logical analysis of science. In the first place, an acceptance of this definition 

highlights the revolutionary character of logical empiricism and illuminates the 

profound difference between logical empiricism and traditional philosophy. After all, to 

present logical empiricism as a set of philosophical doctrines and positions which can be 

debated, accepted or rejected as true or false, is to fall into quarrels of dubious values in 

traditional philosophy. 

In the second place, more importantly, only by recognizing the revolutionary 

character of logical empiricism, the nature of previous philosophical doctrines and 

positions can be reasonably understood in light of logical analysis. Indeed, for logical 

empiricists, these doctrines and positions might be useful in some occasions, as either 

suggestions on how to execute logical analysis, or attitudes and even hypotheses adopted 

based on previous results of analysis. In other occasions, however, these doctrines and 

positions tend to revive pseudo-questions in traditional philosophy.  

Let me give three examples, all of deep relevance to the present thesis. The first is the 

doctrine of the analytic-synthetic distinction. Regarding this doctrine, Quine told us that 

logical empiricists such as Carnap maintain a rigid distinction between analytic 

statements and synthetic statements. Yet for Quine, the notion of analyticity remains 

unclear. In particular, the linguistic doctrine of truth which suggests that a statement is 

analytically true by virtue of its meanings does not help (Quine 1951, 1960). Then Quine 

hoped to overcome the analytic-synthetic distinction by proposing a “new” holist theory 

of meaning. According to Quine, his holism dispenses with the analytic-synthetic 

distinction, and urges that all statements as a whole face observational and experimental 

tests. Quine’s argument might be adequate if his understanding of Carnap’s analytic-

synthetic distinction is correct. But in fact, among new interpretations of the Quine-

Carnap debate it is agreed that Quine misunderstood Carnap and logical empiricists in 

general (for a summary, see Friedman 2006a).  

To start, it is clear that Carnap adopted a similarly holist view long before Quine’s 

criticisms. For instance, as pointed out by Friedman (2006), Carnap highlighted his holism 

in Logical Syntax (1937): “the test applies, at bottom, not to a single hypothesis but to the whole 

system of physics as a system of hypothesis (Duhem, Poincaré)” (318). Moreover, in my view, 
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holism emphasizes the inter-connectedness of scientific statements and this amounts to, 

I am afraid, no more than a truism. Therefore, it seems that Quine first attributed a naïve 

view to Carnap and then started his criticism on the basis of a truism.9 Regarding the so-

called holist view, of course logical empiricists took it for granted. But what logical 

empiricists requested is that we should give a logical analysis of the whole set of 

statements. In brief, we should analyze, clarify and explicate the whole, rather than 

merely assert the truism that statements in science are inter-connected as a whole. 

Further, only after setting up the central task of logical empiricism as logical analysis, 

can the role played by the analytic-synthetic distinction receive a better appreciation. In 

the logic of science, to suggest that a statement is analytically true is not to maintain that 

it is “really” analytic and therefore immune to refutation and correction; rather, to pick 

out analytic statements is to help make the whole system of statements clear. Moreover, 

an analytic statement is true by virtue of its meanings only in relation to other statements 

in the system; in other words, it is analytically true only in a specific context. Therefore, 

it is only after we start an analysis, that it becomes then possible to appreciate the virtues 

of the analytic-synthetic distinction. For this Herbert Feigl (1956) gave an example by, in 

his words, “laboring the obvious” (7). This example concerns the status of Newton’s 

second law of motion, 𝐹 = 𝑚𝑎 . Feigl questioned whether the formulation  𝐹 = 𝑚𝑎 is 

merely analytic as a definition of force, or is synthetic as a law of nature. For Feigl, it is 

meaningless to give any general answer, as Quine might require Carnap to do. Instead, 

Feigl suggested that the answer entirely relies on “the interpretation of the rest of the 

system” (10) and “the context of inquiry” (10). So when a physicist has independent 

operational access to the three variables and wants to test 𝐹 = 𝑚𝑎, it is synthetic; when 

a physicist merely uses m and a to calculate F and wants to use the result for further 

inquiries, it is analytic. So, as Feigl declared, even though Quine might be right that “the 

meaning of given symbols [is] systematically ambiguous...in each single one of the 

alternative reconstructions the meaning of the symbols is completely fixed” (10).  

In sum, the analytic-synthetic distinction is intimately associated with the logical 

analysis of science, and its function is to make the results of analysis clear. We will return 

to the analytic-synthetic distinction soon and show its relation to the transcendental 

philosophies put forth in neo-Kantianism and phenomenology. But now it seems fair 

enough to conclude that Quine’s criticism is far from understanding the analytic-

synthetic distinction, not to say undermining it. Overall, Quine’s case indicates the 

difficulty of understanding logical empiricism from the standpoint of traditional 

philosophy. While Quine still searched in philosophy for a theory of knowledge, logical 

 

                                                      
9 As we will see later in Part II, such a strategy, namely, the defense of a truism through setting up a strawman 

(often with an ideological dichotomy), is so fashionable in mainstream analytical philosophy today.  
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empiricists conceived of philosophy as an activity to clarify scientific knowledge, namely, 

the system of scientific statements.  

Among philosophical doctrines and positions attributed to logical empiricism, the 

second of the three examples I want to discuss is the doctrine of reductionism, 

physicalism and the unity of science. While a full discussion of related issues is not 

possible here (but see chapter 4), it seems useful to give some general comments. The 

traditional interpretation suggests that logical empiricists took physics to be the ideal 

science; further, logical empiricists are also treated as hard-core reductionists whose goal 

is to reduce every special science to physics, or sometimes even eliminate special sciences 

as if they were unimportant and thus dispensable (e.g., Fodor 1974). Yet, the fact is that 

logical empiricists never intended their reductionism/physicalism/the unity of science 

to make such arbitrary assertions. Indeed, if we want to correctly understand the 

physicalism of logical empiricism, in my view, the following three points should be made 

clear.  

First, with the doctrine of physicalism logical empiricists did not intend to eliminate 

special sciences. As a matter of fact, if one wants to conduct a logical analysis of these 

special sciences, it is a truism that biological and psychological concepts must be taken 

into account. Indeed, in the mature phase of logical empiricism, even “introspective 

language” (Feigl 1981a/1950: 299) was permitted. Second, by the doctrine of physicalism 

logical empiricists did not maintain a metaphysical or ontological thesis, which might 

suggest that the world is ultimately physicalistic, or every biological and psychological 

event must be ontologically identical to a physical event. This difference is crucial, as 

Feigl warned regarding the danger that their physicalism might be misconstrued “as a 

variant of ontological materialism” (289). He also stressed that when logical empiricists 

advanced the identity thesis of mind and body, they did not at all intend “an identity that 

presupposes a metaphysical realism” (300-301); the identity must always be 

“hypothetical” (301). Third, it follows from Feigl’s suggestion that by the doctrine of 

physicalism logical empiricists only expressed an attitude or at best a hypothesis to be 

fulfilled, on the basis of scientific knowledge. Similar to Feigl, for instance, Hempel saw 

clearly the hypothetical nature of their physicalism. Regarding the reduction of special 

sciences to physics, according to Hempel (1951), physicalism remains “an open question” 

(321) which calls for “further scientific research” (321). Then why did logical empiricists 

adopt physicalism as a desirable attitude? For Hempel, this was because “to continue and 

extend the physical or physico-chemical analysis of biological and other 

phenomena...proved highly fruitful indeed” (321). Therefore, the physicalism of logical 

empiricists was maintained on the basis of empirical knowledge. For them it was a just 

desirable attitude of a purely hypothetical nature. So, needless to say, this attitude would 

be discarded if physico-chemical concepts and theories proved less useful and greatly 

limited. 
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The third and final doctrine I wish to briefly consider is so-called instrumentalism, as 

an anti-realist stance in the instrumentalism-realism controversy, concerning the 

epistemic status of unobservable entities in science. Let us take the concept of the atom 

to be an example. Today instrumentalism is often ridiculed and attributed to logical 

empiricism. In brief, logical empiricists are said to be instrumentalists, who treat atoms 

as fictional devices to organize sense experience (e.g., Chakravartty 2007: II). But this 

claim is not based on any textual evidence. Aside from the fact that the actual views of 

logical empiricists were much more complicated, none of them held such a naïve 

instrumentalist position. For this we do not even have to rely on more nuanced 

interpretations from recent scholarship (e.g., Parrini 1994; Psillos 1999: 40-69; Friedman 

2011, 2012a; Neuber 2014), a return to basic texts is enough. Let us refer to Schlick for an 

example (also see Carnap 1966; Nagel 1979a/1961). Schlick (1949/1932) made it clear that 

“logical positivism and realism are not in opposition; whoever acknowledges our 

fundamental principle must be an empirical realist” (504); further regarding the status of 

atoms, for Schlick, “atoms…must be as real in the same sense as the other [houses and 

trees], because “in fact we are at last convinced that the existence of even the most subtle 

‘invisible things’ assumed by the scientist is, in principle, verified exactly as is the reality 

of a tree or a star” (498). Nagel later claimed that “the opposition between these views 

[instrumentalism and realism] is a conflict over preferred modes of speech” (Nagel 

1979a/1961: 152). So logical empiricists accepted both instrumentalism and realism and 

they did not see between the two positions any genuine conflict. In particular, they took 

atoms to be as real as trees, and the concept of the atom to be as instrumental as the 

concept of the tree. 

However, the instrumentalism accepted by logical empiricists is clearly not the 

instrumentalism as currently construed, nor the realism they adopted is the realism 

currently taken for granted. If I am right, the present instrumentalism-realism 

controversy has a strong metaphysical commitment. It presupposes the existence of a 

metaphysical reality with trees as parts of that reality, and it goes further to concern the 

question whether atoms are also parts of the presupposed metaphysical reality 

(Chakravartty 2007: 3-26): realists say yes, and instrumentalists say no. Ironically, in sharp 

contrast, Schlick in the 1932 article took pains to distinguish between the empirical 

reality and the metaphysical reality; he insisted that atoms and trees are only empirically 

real, and they have no metaphysical reality at all (“no transcendental reality”, “not 

metaphysical entities”, 499). Given Schlick’s distinction, it seems plausible to suggest that 

current philosophers use the term “metaphysical reality” in a sense indistinguishable to 

that of the term “empirical reality” used by logical empiricists (again, with this insight, 

we emphasize again that logical empiricists would clearly stand with current realists in 

endorsing the claim that atoms are as real as trees. The characterization of logical 

empiricism as accepting current instrumentalism is flawed). 
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Yet this is not the end of the story. Clearly, logical empiricists did not reject 

instrumentalism in its more nuanced sense. Then what is this more nuanced 

instrumentalism, exactly? In Feigl’s memoir of Schlick, he noted that Schlick explicitly 

repudiated the instrumentalism-realism controversy as a “pseudo-problem” (Feigl 

1979/1938: xxviii) if metaphysically construed. Then what motivated Schlick to warn of 

the danger of metaphysics? Is it fine for current philosophers to use the term 

“metaphysical reality” instead of “empirical reality”? Or put it differently, by replacing 

“empirical” with “metaphysical”, do they miss something of significance? 

These questions will be dealt with in the remainder of the Introduction, especially after 

the distinction between naturalism and transcendental philosophy is fully articulated. 

Indeed, the conflation between the empirical reality and the metaphysical reality, or put 

it less charitably, the hypostatization of the empirical reality into a metaphysical reality 

has fatal consequences. One of these gives rise to the objective-subjective dichotomy, 

which is then followed by the ontology-epistemology distinction. To the extreme, after 

presupposing a metaphysical reality, a few authors, even including some great physicists, 

start to speculate that science has disclosed a metaphysical reality behind appearances: 

atoms are real, but trees are appearances or even phantoms (see below, Eddington 1928; 

Sellars 1962). Further, more generally speaking, metaphysical Realism prevents us from 

appreciating the transcendental dimension of scientific knowledge. As a result, the 

profundity of the logical empiricist solution to the realist-instrumentalist controversy 

becomes ill-understood. In my interpretation, as will be clear later, these two positions, 

under a careful characterization, represent two different aspects of the results of the 

logical analysis of scientific knowledge. Realism corresponds to naturalism (as 

understood in logical empiricism and pragmatism) and the realist mode speaks about the 

natural world; instrumentalism is equivalent to transcendental philosophy (as presented 

in Neo-Kantianism and phenomenology) and the instrumentalist mode speaks about the 

transcendental ego. 

Finally, as we have seen in the last two examples (physicalism and realism), there is a 

common thread shared by these two misunderstandings of logical empiricism. The term 

“physicalism” originally adopted by logical empiricists is now commonly used to indicate 

a metaphysical stance. The realism of logical empiricists is now received in a 

metaphysical rather than empirical manner. So, both physicalism and realism currently 

construed have a shared metaphysical commitment. Realism presupposes a metaphysical 

reality, and physicalism further asserts that the metaphysical reality is physicalistic. As 

indicated above, among philosophers it is exactly this physicalism that claims to be a 

metaphysical truth and refutes vitalism as a metaphysical heresy. Further, today the 

physicalism presupposing a metaphysical reality is now more and more indistinguishable 

from a position called naturalism (see Kim 2011 for a representative article, also see Clark, 

ed. 2016). Yet very interestingly, years ago logical empiricists and their pragmatist friends 

also accepted a position termed “naturalism” (Feigl 1949; Dewey, Hook and Nagel 1945). 
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Even though present naturalism and the naturalism of logical empiricism and 

pragmatism both state that they rely on results in science, their contents differ greatly 

on an important point: logical empiricists and pragmatists did not metaphysicalize nature 

by name of science. Let me now articulate this point. 

The naturalism of logical empiricism and pragmatism 

Before elaborating the naturalism of logical empiricism and pragmatism, it seems useful 

to briefly comment on pragmatism and its relation to philosophy of science. In its 

traditional image, pragmatism is more renowned for its socio-cultural concerns, and the 

logic of science is not central to it. However, this assessment now appears limited. 

Historians of philosophy have identified the interaction between pragmatists and logical 

empiricists in the early twentieth century (Pihlström, Stadler and Weidtmann, eds. 2017). 

Moreover, as one of the most outstanding pragmatists, John Dewey wrote extensively on 

the logic of scientific inquiry (1938). Dewey’s philosophy of science was favorably 

received by Nagel. In Nagel’s reading of Dewey’s pragmatism (1954a/1939, 1954b/1940, 

1954c/1950), the first merit of Dewey’s approach to science is to state that the world of 

everyday life is on a par with the world of science. This merit, of course, does not contradict 

anything logical empiricism endorses, but it does make clear the thesis of the 

compatibility between science and everyday life (or we might say, Edmund Husserl’s life-

world). Nagel wrote: 

The central thesis of Dewey’s theory of science is that it does not disclose realms of 

being antithetical to the familiar things of life...it follows directly from this thesis 

that scientific discoveries concerning the conditions of occurrences of things in 

ordinary experience cannot possibly impugn the objective reality of the latter. 

(1954c/1950: 106) 

Indeed, regarding this merit, pragmatism might be viewed as a response to Arthur 

Eddington’s metaphysical tale of two tables: there is a common-sense table, which has its 

extension and color, and there is a scientific table which consists of large chunks of empty 

spaces and electric particles. For Eddington, the scientific table is “the only one which is 

really there” (Eddington 1928: xii). Clearly, Eddington’s tale follows quite immediately 

from metaphysical Realism: once the commitment to the existence of a metaphysical 

reality has been made, it is quite attractive to place science as superior to everyday life as 

if it were revealing more fundamental structures of that Reality. Yet pragmatists as well 

as logical empiricists essentially opposed this metaphysical interpretation of science. For 

them, science in no way presents a threat for our understanding of everyday life. Nagel 
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wholeheartedly agreed with Dewey and stated that he was not able to take Eddington’s 

entertaining tales seriously (1940: 438; 1941a: 313).10 

The second merit of Dewey’s pragmatism follows from the first, and it stresses the 

importance of the context of inquiry. Though this insight was not always directly endorsed 

by logical empiricists (but recall Feigl 1956), it does make the contextual nature of logical 

analysis more explicit. As Nagel put it, “long before it became fashionable to preach the 

virtues of functionalist or contextualist analysis, Dewey was practicing it with energy and 

a considerable measure of consistency” (1954c/1950: 105). And more generally, according 

to Nagel, pragmatism construes “the meanings of logical operations in terms of their 

specific functions in the context of inquiry” (1954b/1940: 127). Nagel himself agreed with 

Dewey on this insight, and he claimed that “philosophical analyses should clarify the 

meanings of terms by exhibiting their use and function in specified contexts” (1945a: 485).  

These two merits of pragmatism mutually support each other. Since concepts in 

science must be understood in their proper context, compared to concepts used in 

everyday life, they cannot take scientists to any superior metaphysical reality. For 

instance, according to Nagel, “the electron postulated by a theory are defined exclusively 

by that theory...at any rate they can be assigned no reality prior or superior to that of 

common-sense objects of experience” (1954b/1940: 134). Thanks to these two merits, as 

we will see below, the naturalism of pragmatism and logical empiricism turns out to be 

profoundly different from present naturalism. 

Logical empiricists and pragmatists considered their naturalist position to be well 

justified by results in empirical sciences. For an articulation of this naturalism, let us turn 

again to Nagel. According to Nagel, his naturalism accepts the following two theses: 

The first is the existential and causal primacy of organized matter in the executive 

order of nature...the second major contention of naturalism is that the manifest 

plurality and variety of things, of their qualities and their functions, are an 

irreducible feature of the cosmos, not a deceptive appearance cloaking some more 

homogeneous “ultimate reality” or transempirical substance, and that the 

sequential orders in which events or manifold relations of dependence in which 

things exist are contingent connections, not the embodiments of a fixed and unified 

pattern of logically necessary links. (Nagel 1954d: 8, 9) 

 

                                                      
10 Indeed, given the fact that “many scientists and philosophers have indeed often used the term ‘real’ in an 

honorific way to express a value judgment and to attribute a ‘superior’ status to the things asserted to be real” 

(Nagel 1979a/1961: 151), Nagel proposed that “it would be desirable to ban the use of the word altogether” (151). 

But since “linguistic habits are too deeply ingrained and too widespread to make such a ban possible” (151), 

Nagel preferred only to “make clear that any invidious contrasts which maybe suggested by the word ‘real’ are 

irrelevant...” (151). As we will see, Nagel’s remark anticipates the dissolution of the ontology-epistemology 

dichotomy.  
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To understand Nagel’s naturalism (actually, this is also the naturalism characterized in 

Husserl 1982/1913: 51-7), the following two points should be emphasized. First, like 

logical empiricism, the “ism” of Nagel’s naturalism indicates no doctrine or position in 

the traditional sense. It merely indicates the attitude of accepting the results given in 

current sciences, and it treats clarified categories, concepts, and statements as offering 

empirically true descriptions of the world we happen to inhabit. In Nagel’s words, 

naturalism relies on the results established in empirical sciences, and “does not rule out 

all alternatives to itself on apriori grounds” (1954d: 12). While naturalism regarding our 

own universe demonstrates that “there is no place for the operation of disembodied 

forces, no place for an immaterial spirit directing the course of events, no place for the 

survival of personality after the corruption of the body which exhibits it” (8), this is only 

a conclusion based on empirical investigations. For Nagel, “it is possible...to conceive 

without logical inconsistency a world in which disembodied forces are dynamic agents, 

or in which whatever happens is a manifestation of an unfolding logical pattern” (12). 

Second, as alluded above, we must take great care in noticing that the naturalism of 

logical empiricism and pragmatism is in several aspects different from contemporary 

naturalism. The first and also the most important difference is that contemporary 

naturalism makes a metaphysical commitment, in which the natural world is 

hypostasized into a metaphysical reality. In the words of another logical empiricist 

Philipp Frank, “physical propositions that are really statements about observable 

processes are regarded as statements about a real, metaphysical world” (Frank 1949: 160). 

In brief, contemporary naturalism assumes that a metaphysical reality exists out there, 

and science investigates into and discovers true statements about it. As a result, science 

possesses the true path to the metaphysical reality, and finally the metaphysical reality 

itself. But there is little doubt that Nagel consciously opposed this metaphysical move. 

According to Nagel, again, “advances in science do not consist in progressively unveiling 

reality in the sense that layers of appearance are discovered; they consist in making our 

knowledge more inclusive, more unified” (1929a: 181). 

The second important difference is that contemporary naturalism becomes more and 

more indistinguishable from the metaphysical doctrine of physicalism (Husserl 

1970a/1954, “physicalistic naturalism”, 67). As contemporary naturalism takes the 

existence of the metaphysical reality for granted, the question concerning the basic 

structure of the metaphysical reality becomes unavoidable. To answer this question 

contemporary naturalists claim that they have turned to empirical sciences, and their 

choice is always the so-called fundamental science of physics. As a result, it treats 

concepts used in physics (type) and physical events (token) as offering a true description 

of the basic structure of the metaphysical reality. So, contemporary naturalism is 

associated with a strong physicalist flavor. It renders concepts and events in psychology 

and social sciences at best supervenient on those in physics, at worst identical to them 

and therefore potentially eliminable in the future. This implicit identification of 
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naturalism and physicalism, I believe, is so common in mainstream analytical philosophy, 

as can be seen, for instance, in Wilfrid Sellars’s preference of “the scientific image” over 

“the manifest image” (1962). Yet in sharp contrast, Nagel’s naturalism never tends to 

threaten the status of concepts and events in psychology and social sciences. It just takes 

them for granted (this is actually Husserl’ characterization of naturalism in his 

“psychophysical universe of Nature”, Husserl 1983/1913: 113; Husserl also noticed “the 

absurdity involved in absolutizing Nature as conceived by physics”, 122). Indeed, with 

other two pragmatists Dewey and Hook, Nagel emphasized that their naturalism is 

different from materialism (Dewey, Hook and Nagel 1945). For Nagel, “naturalism does 

not maintain that only what is material exists, since many things noted in experience, for 

example, modes of action, relations of meaning, dreams, joys, plans, aspirations, are not 

as such material bodies or organizations of material bodies” (Nagel 1954d: 8). By the way, 

Nagel suspected that too much emphasis on this point would be merely stating the 

obvious (1940: 438).11 

The third difference concerns the use of empirical sciences in contemporary 

naturalism. On the one hand, contemporary naturalism treats empirical sciences as if 

they had access to a metaphysical reality. On the other hand, it takes physics to be 

superior to other non-physical sciences and thus to have better access to the 

metaphysical reality. For naturalists, as a result, physics appears to offer the best answer 

to questions about the metaphysical reality. Yet for a long time at least in the Western 

civilization, these questions were answered in Christianity by the postulate of God. Here 

follows the third difference between Nagel’s naturalism and contemporary naturalism. 

While pragmatists only contended that God is not a valid concept in science, judged from 

the evidence available (Dewey, Hook and Nagel 1945: 527), contemporary naturalists 

devote enormous amounts of energy to combat the so-called antithesis of naturalism, 

namely, supernaturalism. Drawn into these largely ideological quarrels, contemporary 

naturalists, in consequence, tend more and more to use science as an ideological weapon 

to attack the so-called religious superstitions. Science is viewed as an ideology 

 

                                                      
11 To be fair, it is to be noted that even some logical empiricists failed to achieve utter clarity on this point, 

although they agreed with Nagel on all essentials. For instance, Feigl later returned to the identity thesis of the 

mental and the physical. But since he insisted that the identity should be “hypothetical” rather than 

“metaphysical”, mental concepts are thereby ineliminable (1981/1950: 300-1). However, Nagel explicitly 

opposed the use of the term “identity”, when he wrote that “they [naturalists] failed to see any merit in the 

argument according to which, simply because complex organizations of the elementary particles of modern 

physics constitute the conditions for the occurrence of familiar events and processes, the characteristic 

behaviors of such complex wholes are indistinguishably identical with the behaviors of their differently 

organized parts” (1954e/1947: 55). Elsewhere he was even more radical in a review of Friedrich A. Hayek’s the 

Counter-Revolution of Science, when he suggested that “human attitudes...are... ‘theoretical constructs’ logically 

on a par with such ‘unobservable’ matters as elasticities, resistances, and valences” (Nagel 1952: 563-4). 
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incompatible with religion.12 Following from this, unfortunately, is a general neglect of 

the actual contents of science. Friedman once depicted contemporary naturalism as 

follows: 

...Blindness to the characteristic status and function of what we might call the 

constitutive a priori...on the basis of a philosophical conception that prides itself on 

taking modern natural science as the paradigm of knowledge in general, is perhaps 

the most peculiar, and, I am tempted to say, most perverse, legacy of contemporary 

philosophical naturalism. (1997: 14). 

Finally, let me use a concrete example from popular philosophical discussions to more 

radically expose the difference between Nagel’s naturalism and contemporary 

naturalism. This example concerns identity statements. Recall contemporary naturalism 

assumes that the natural world exists out there as the metaphysical reality consisting of 

substances (physical particles and their organizations). Indeed, one sophisticated 

argument for metaphysical naturalism invokes physics to suggest that (actually, as many 

physicists would do), in Nagel’s words:  

So also, it may be urged, the “weight” we determine with a beam balance is not the 

same (since by definition the operations involved are different) as the “weight” 

determined with a spring balance. Nor is the “charge” of an electron the same when 

determined by means of the study of Brownian movements as when it is determined 

with the “balance drop” method: and yet we believe we are measuring the same 

thing. (Nagel 1929a: 173) 

But soon Nagel smashed this argument by uncovering several presuppositions of 

empirical statements about identity: 

It is not difficult to raise such objections, but only by neglecting to note (1) that 

operations selected must be capable of indefinite repetition and that hence it is a 

series of operations which is the definiens, (2) that objects which enter into the set 

of operations have a qualitative nature not exhausted by the relational structure of 

which they become parts, (3) that the fundamental magnitudes, in terms of which 

all other measurables are determined, are characterized not only by certain 

transitive asymmetric relations, but must be capable of submitting to a definite 

operation of "addition," and (4) that it is the qualitative homogeneity in the latter 

 

                                                      
12 After hypostatizing the empirical reality into a metaphysical reality, contemporary naturalism creates some 

space for ideological quarrels between science and religion (see, especially, chapter 6 on Darwinism and 

creationism). With excessive enthusiasm, contemporary naturalists try to take every chance to express their 

contempt for religion and declare their dedication to science. As a result, their “science” goes more like an 

ideological weapon. Needless to say, this questionable conception of science is clearly the target when science 

is attacked by its opponents in these modern ideological quarrels which take place almost every year in public 

forums.  
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which is the basis for identifying magnitudes not identically defined. (Nagel 1929a: 

173) 

For Nagel, each empirical statement about identity involves different presuppositions 

that are often neglected and need to be clarified. More importantly, like Frank, Nagel 

warned that it is illegitimate to hypostatize an empirical statement into a statement about 

a supposed identity relation in the metaphysical reality. Nagel wrote elsewhere on the 

history of atomism more explicitly: 

We must therefore not be misled by the convenient habit of thinking of the various 

atomic theories as representing a progress in our knowledge concerning a fixed set 

of submicroscopic objects. (Nagel 1979a/1961: 370) 

So, for Nagel, there is no such metaphysical reality as consisting of “a fixed set of 

submicroscopic objects” (as substances), the intrinsic properties of which were, are and 

will be identified by the historical succession of atomic theories. Therefore, it is simply 

not the case that every atomic theory studies the same object which possesses its own 

metaphysical identity. On the contrary, identity statements must be empirical: two 

atomic theories, suggesting two different set of conditions of being atoms, 13  might 

identity the “same” (only from certain aspect!) unit of experience in the spatial-temporary 

world, then the atoms in these theories are said to be empirically identical. 

Yet unlike Nagel, few contemporary naturalists are able to deeply engage the history 

of atomism. Their favorite examples are that water is identical to H2O, or the morning 

star Phosphorus is identical to the evening star Hesperus. These examples have been 

made popular by Saul Kripke. According to Kripke, these identity statements are 

grounded in that water and H2O have a common referent, and that Phosphorus and 

Hesperus refer to the same planet. But if we follow Nagel’ reasoning, this metaphysical 

reading turns out to be less credible, since it hypostasizes the empirical reality of water, 

H2O and stars into a metaphysical reality. For Nagel, these identity statements are 

empirical statements, and more importantly, their validity does not rely on any 

metaphysical reality at all. As the star example is easier to understand (than Nagel’s atom 

example and the water/H2O example), let me give a brief illustration with it. To start, it 

is easy to see that Phosphorus is in one sense not identical to Hesperus, for the sole fact 

that the first is the morning star while the latter is the evening star. Then, when an 

astronomer claims that Phosphorus is identical to Hesperus since they have a common 

 

                                                      
13  Nagel wrote, “each theory in a certain series of theoretical constructions having a number of broad 

assumptions in common-postulated (or ‘defined’) distinctive kinds of submicroscopic components for 

macroscopic objects, with distinctive ‘natures’ for the components in each case. Accordingly, the ‘atoms’ of 

Democritus, the ‘atoms’ of Dalton, and the ‘atoms’ of modern physicochemical theory are quite different sorts 

of particles; and they can be subsumed under the common name of ‘atom’ chiefly because there are important 

analogies between the various theories that define them…” (Nagel 1979a/1961: 370)  
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referent, the so-called common referent has (been constituted with, in Husserl’s term) 

quite specific meanings and the identity statement has specific presuppositions. They can 

be judged identical, for presuppositions such as accepted laws in astronomy, spatial 

configurations of the planets in the solar system, etc. 

Those presuppositions, then, in the words of the Husserlian phenomenologist Felix 

Kaufmann, constitute “an open series of assumptions directed towards intertemporary, 

intersensual and interpersonal (intersubjective) validation” (Kaufmann 2014/1936: 112). 

Indeed, not unlike Husserl in Logical Investigations (2001a/1913), Nagel’s attack on 

metaphysical identity brings a serious challenge to metaphysical forms of naturalism; 

indeed, Nagel’s own naturalism already contains considerable elements of transcendental 

philosophy. In my view, this is also the fundamental reason why Nagel’s naturalism is 

profoundly different from contemporary naturalism. Nagel’s naturalism pays full and 

serious respect to the contents of science; but contemporary naturalism tends to 

hypostatize the empirical reality depicted by science into a metaphysical reality. 

Then, to better understand Nagel’s naturalism, it is time for us to move to 

transcendental philosophy. As we will see, transcendental philosophy can help overcome 

the metaphysical excesses of contemporary naturalism in a more systematic manner. By 

the way, this is exactly what Husserl did in The Crisis of European Sciences and Transcendental 

Phenomenology (1970a/1954). 

The transcendental philosophy of neo-Kantianism and phenomenology 

In the early twentieth century, influential philosophies included, in addition to logical 

empiricism and pragmatism, neo-Kantianism and Husserlian (not Heideggerian, to 

emphasize) phenomenology. Among these neo-Kantians and Husserlian 

phenomenologists, Ernst Cassirer and Felix Kaufmann stood out as philosophers echoing 

the spirit of logical empiricism, and they also paid sufficient attention to contemporary 

scientific development.  

Starting from the late nineteenth century, Neo-Kantians tended to revive the teaching 

of Kant, and one of its prominent representatives was the erudite Cassirer. Unlike most 

others who still focused on traditional epistemological questions, Cassirer explicitly 

applied Kant’s method to the analysis of contemporary sciences. This, according to Nagel, 

was based on Cassirer’s “extraordinary learning” (Nagel 1951a: 147) in a variety of 

sciences.  

During his lifetime Cassirer dealt with Albert Einstein’s theory of relativity, the new 

quantum mechanics, concepts in cultural and social sciences, and a few biological 

doctrines. Cassirer offered a summary of his method in his monograph the Problem of 

Knowledge. According to Cassirer:  
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His [Kant’s] transcendental method has to assume the “fact of the sciences” as 

given, and seeks only to understand the possibility of this fact, its logical conditions 

and principles. (Cassirer 1950/1906: 14) 

Moreover, Cassirer also recognized the great differences between his Neo-Kantianism and 

traditional philosophy (including part of Kant’s original project):  

Kant’s basic conviction and presupposition consist rather of this, that there is a 

universal and essential form of knowledge, and that philosophy is called upon and 

qualified to discover this form and establish it with certainty. (14) 

Such a universalistic way of thinking no longer obtains in the second half of the 

nineteenth century...Instead of assuming the role of leader and representing a 

determinate ideal of truth in the pride of its own strength and on its own 

responsibility, it [philosophy] allows itself to be led by the sciences and forced in a 

prescribed direction by each of them in turn. There are now as many single forms 

of theory of knowledge as there are different scientific disciplines and interests. 

(17) 

We should have a glimpse of the conflict among the schools, but it could teach us 

nothing about the real, inner, moving forces of the problem of knowledge itself; 

these must be sought elsewhere. They lie, often deeply hidden, within the sciences, 

and during the period with which we are no concerned not only has each one of 

these undergone the most profound changes in content but revolutionary 

movements have actually taken place within them that have shaken the 

foundations upon which the sciences had formerly built. (17) 

The era of the great constructive programs, in which philosophy might hope to 

systematize and organize all knowledge, is past and gone. (19) 

Cassirer’ central concern with philosophy, therefore, was scarcely different from that of 

logical empiricists. If philosophy were to deal with science, it should no longer aim to 

provide permanently secure foundations for scientific knowledge, nor it should make its 

goal the unification of all sciences into a coherent system. Rather, philosophy ought to 

examine scientific knowledge in each discipline and find its own “real, inner, moving 

forces” (17).  

Another very influential philosophy movement in the early twentieth century was 

Husserlian phenomenology. Yet unfortunately, very few phenomenologists, even 

including the master Husserl himself, directly engaged sciences and clearly demonstrated 

phenomenology’s relevance to science. But there was one exception. Like Nagel and 

Cassirer, Kaufmann was also very learned in many different sciences, and his writings 

ranged from logic and mathematics to interpretations of Weber’s social sciences. In the 

1930s Kaufmann was associated with logical empiricists and shared some of their 

concerns. Kaufmann gave a summary of his method in his 1942 article, “the Logical Rules 

of Scientific Procedure”: 
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Few philosophers today would still defend the claim that philosophy can prescribe 

to the scientist the rules of his procedure. More and more it has been realized that 

it is impossible to prove the adequacy of these rules by deriving them from self-

evident truths. The logician must be content with making them explicit without 

justifying them by appeal to a metaphysical principle. To say this is not to maintain 

that logical analysis exhausts all possibilities of rational analysis. Logical analysis 

presupposes objective meanings as given while phenomenology is concerned with 

the analysis of these very presuppositions, that is with the “constitution” of 

objective meanings, their “origin” in transcendental subjectivity. But logical 

analysis and phenomenological analysis are on two different levels and it is 

detrimental to both if they are not properly separated. Hence Husserl’s distinction 

between “formal logic” and “transcendental logic”. (Kaufmann 1942: 457) 

The very distinction between “formal logic” and “transcendental logic” was summarized 

by Kaufmann’s friend, the philosopher Eric Voegelin in a review of Kaufmann’s early work 

on philosophy of law: 

Husserl grasped the full depth of the problem and recognized that there are two 

kinds of logical foundations to science: First, the structure of a science is 

determined by its subject matter, and second, it is determined by the overriding 

logic of science in general. Each science is therefore doubly anchored: once by the 

laws of formal logic, laws in the broadest sense of mathesis universalis, which are 

valid for all sciences by virtue of their character as science; and second, in the 

special logics (or material ontologies) of the individual kinds of subject matter. 

Within the several kinds of subject matter, the whole “world” is divisible, because 

every subject matter is the subject of possible true statements. With that insight the 

problem of logical penetration is, in principle, solved. (Voegelin 2001/1923: 10; also 

see Husserl 1983/1913: 17-8) 

The last sentence in Voegelin’s remark seems to share the Wittgensteinian spirit, “how 

little has been done when these problems have been solved” (Wittgenstein 1999/1922: 

28).14 Moreover, like logical empiricists and Cassirer, Kaufmann treated philosophy as a 

method of analysis, rather than a tool of legislating science by appealing to so-called 

philosophical truths. 

Compared to logical empiricism and pragmatism, in Cassirer’s neo-Kantianism and 

Kaufmann’s phenomenology a difference is detectable: Cassirer had his “transcendental 

 

                                                      
14 Here it is interesting to note that Voegelin despised persistent but empty emphasis on this point, especially 

when it comes from someone who does not really engage the contents of science (“…I have a profound distrust 

of purveyors of methodology who set out to explain a science to me which they themselves have not studied 

and in which they have not examined even the smallest empirical problem”. Voegelin 2011/1945: 76). Indeed, 

this distrust was also shared by great scientists like Weber (for Weber’s designation of logic and methodology 

as “sterile”, see editors’ introduction in Weber 2012a: xiv).  



 

32 

method” (Cassirer 1950/1906: 14), and Kaufmann went further for his “phenomenological 

analysis” (Kaufmann 1942: 457).  This difference was more explicitly formulated by 

Kaufmann, in his distinction between logical analysis and phenomenological analysis, or 

formal logic and transcendental logic. For an elaboration of this small but non-negligible 

difference let us now return to Carnap’s characterization of logical analysis.  

According to Carnap, the goal of logical analysis is to make scientific statements 

explicit. For example, concerning the empirical statement 𝑃𝑎 → 𝑄(𝑓(𝑎)), on the one 

hand, logical analysis attends to its formal aspect, namely, the deductive relations among 

𝑎, 𝑃, 𝑄, and 𝑓; on the other hand, logical analysis also cares about its connotative aspect, 

that is, what 𝑎, 𝑃, 𝑄 and 𝑓(𝑎) refers to in the empirical world, i.e., the Interpretation 

attributed to these symbols. So far so good, and Kaufmann agreed with Carnap that logical 

analysis is indispensable and very fruitful in understanding scientific knowledge. 

Nevertheless, Kaufmann contended that logical analysis does not “exhaust all possibilities 

of rational analysis” (1942: 457), since it “presupposes objective meanings as given” (457). 

In contrast, moving one step further, phenomenology “is concerned with the analysis of 

these very presuppositions” (457). It is easy to appreciate Kaufmann’s insight. Suppose 

the symbol 𝑎 refers to a raven (this is Carnap’s own example, see below). Carnap’s logical 

analysis simply accepts this reference as given: it is just a raven. In contrast, Kaufmann’s 

phenomenological analysis continues questioning presuppositions behind this reference. 

Hence the constitution of meanings: what makes it a raven? Obviously, an object in the 

empirical world is judged to be a raven if and only if it satisfies certain presupposed yet 

often unclarified criteria. The goal of Kaufmann’s phenomenological analysis, in contrast 

to logical analysis, is to make these criteria explicit. For Kaufmann, transcendental logic 

must then be non-negligible if one pursues rational analysis. This goal is also shared by 

Cassirer’s neo-Kantian transcendental method, which aims to clarify “logical conditions 

and principles” (Cassirer 1950/1906: 14) of given scientific facts. 

Therefore, neo-Kantianism and phenomenology explicitly attend to the 

transcendental realm conditioning these facts. Both Cassirer and Kaufmann stressed the 

transcendental dimension of scientific knowledge. However, this is not at all to suggest 

that logical empiricists were entirely blind to this transcendental dimension. Rather, in 

my view, logical empiricists only gave a formulation in different terms in their analytic-

synthetic distinction and the syntactical-semantical distinction, although their 

formulation does pay a small price. Let me now articulate this point.  

In response to Quine’s criticism of the analytic-synthetic distinction, Carnap himself 

offered a brilliant example to stress the indispensability of this distinction (Carnap 1963: 

920). Carnap’s example goes as follows. Suppose Mr. Smith sees a white bird and judges 

that the bird is a raven. For Mr. Smith, the statement holds that “it is a white raven”. 

Carnap then invited us to consider the statement that “all ravens are black”. For Carnap, 

it is essential to decide the status of this statement (analytic or synthetic) in advance. If it 

is an analytic statement, then Mr. Smith mistakes the bird he sees as a raven; if it is a 
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synthetic statement, and assume that Mr. Smith makes no other mistakes, then it is 

simply falsified by Mr. Smith’s statement. In sum, the truth-value of Mr. Smith’s 

statement (“it is a white raven”) cannot be decided, unless the status of the other 

statement (“all ravens are black”) has been determined in advance. As a matter of fact, it 

is for this reason that Carnap stressed the indispensability of the analytic-synthetic 

distinction to the logical analysis of scientific knowledge. 

At the same time, however, Carnap was also proud of his “empiricist principle that 

there is no synthetic a priori” (Carnap 1963: 917), and he treated the absence of this 

empiricist principle as the major defect of Kantianism. Nevertheless, in my view, Carnap 

failed to do full justice to Kantianism, since the phrase “synthetic a priori” can be in used 

a moderate and more acceptable sense. Indeed, according to both Cassirer and Kaufmann, 

synthetic a priori principles no longer indicate any permanently secure and non-

revisable foundations of knowledge; rather, they are merely necessary presuppositions 

to interpret the empirical reality. The empirical reality is often chaotic or meaningless 

without such synthetic a priori principles. In other words, these synthetic a priori 

principles, in Voegelin’s words, make the “world” or the empirical reality divisible, and 

thereby make synthetic a posteriori judgments possible. 

Now reconsider Carnap’s raven example. Here Cassirer’s “transcendental method” and 

Kaufmann’s “phenomenological analysis”, I believe, offer a better elucidation. The 

statement that “all ravens are black”, if construed as an analytic statement, should be 

more precisely re-formulated as the following new statement that “the raven is black”. 

Note that this is NOT a linguistic trick. In the new statement, the term “raven” does not 

refer to an individual but invokes a universal which must receive a precise definition in the 

first place (see Husserl on relative non-independence of meanings, 2001a/1913: 22-4).15 

As a result, we must consider whether the statement that “the raven is black” should be 

treated as a synthetic a priori principle, or whether the meaning of the term “raven” is 

necessarily related to that of “black”, or whether blackness necessarily follows from 

ravenness through, in Husserl’s words, “pure ideal laws” (21). Moreover, the attribution 

of the term “raven” to the individual can be done, only on condition that the meaning of 

the term “raven” has been made explicit in advance. Obviously, if the statement that “the 

raven is black” is a synthetic a priori principle, then Mr. Smith’s white bird is impossible 

to be a raven; if not, then the white bird might be a raven without violating any logical 

possibilities. 

 

                                                      
15 Nagel’s formulation is similarly confusing. For instance, on the history of atomism Nagel commented that “the 

‘atoms’ of Democritus, the ‘atoms’ of Dalton, and the ‘atoms’ of modern physicochemical theory are quite 

different sorts of particles” (1979a/1961: 370). But to be more precise, we need to use phrases like Democritus’ 

“pure concept of the atom”, the meaning of which is constituted by his theory. Nagel of course understood this 

very well, on this I have no doubt. But his formulation also fails to capture the transcendental dimension of 

scientific knowledge to its full extent.  
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In comparison, Carnap’s formulation fails to achieve full clarity. Since Carnap went for 

the statement that “all ravens are black”, he did not seem to fully realize that the 

connotation of an empirical individual must presuppose a transcendental universal. In 

Kaufmann’s words, the statement that “the raven is black” indicates “relations of 

meanings” (Kaufmann 1958/1944: 28), while the statement that “all ravens are black” 

speaks about “matters of facts” (28). Carnap, in his choice of the statement “all ravens are 

black”, appeared to slightly conflate between these two, and he failed to explicitly address 

the transcendental dimension of scientific knowledge. 

Here follows my sole criticism of logical empiricism. Carnap’s formulation that “all 

ravens are black” is typically naturalistic and is therefore open to the following 

metaphysical misinterpretation: the natural world stands out there, and in this world all 

ravens (as substances) are black. In contrast, the transcendental formulation that “the 

raven is black” leaves no room for such misinterpretations. The transcendental 

formulation makes it clearer that the statement is synthetic a priori in relation to the 

empirical reality. As a result, unlike logical empiricism and pragmatism, Neo-Kantianism 

and phenomenology, for their more forceful emphasis on synthetic a priori principles, 

explicitly address the transcendental dimension of scientific knowledge: the empirical 

reality becomes meaningful only by referring to synthetic a priori principles. 

The difference between, on the one hand, logical empiricism and pragmatism, and on 

the other hand, Neo-Kantianism and phenomenology, can be expressed through Husserl’s 

classical distinction. The naturalism of logical empiricists and pragmatists corresponds 

to the naturalistic attitude characterized by Husserl, the transcendental philosophy of 

Neo-Kantians and phenomenologists to the phenomenological attitude. Naturalism or the 

naturalistic attitude concentrates on the empirical reality in which all individuals are to 

be found; in contrast, transcendental philosophy or the phenomenological attitude 

attends to the transcendental ego in which all universals are to be located.  

However, this is not to imply that transcendental philosophy is superior to naturalism, 

even though the transcendental ego comes logically prior to the natural world 

(transcendental ego is timeless, but the natural world is essentially constrained by time).16 

 

                                                      
16 Of course, maybe a more fundamental problem relevant to the transcendental ego is that, how are we, as 

merely psychological subjects or egos, able to have cognitive access to the transcendental ego? This question 

has been raised in many different ways, like Einstein’ s “the eternal mystery of the world is its 

comprehensibility” (1936: 351). Martin Heidegger devoted his Being and Time (1996/1927) to this challenging 

problem, which will finally take us to his phenomenology or existential ontology (Friedman 2000). Voegelin’s 

answer is that “the epiphany of structures in Reality...is a mystery inaccessible to explanation” (1999/1987: 31). 

In Kant’s case, he seemed to claim that being alive or the feeling of life is a precodition of having access to the 

transcendental ego (“life is the subjective condition of all our possible experience”, 2002/1783, 4: 335; I learned 

this from my colleague Louis Schreel 2017: 113-115, and he cited Makkreel 1994). To be honest, I myself simply 

do not know how to even start to think about this question. But fortunately, as logical analysts, we only need to 

presuppose that we, as psychological subjects, just can have cognitive access to the transcendental ego.  
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To emphasize, the criticisms of naturalism are only applicable, when naturalism tends to 

become metaphysical and leads to the forgetting of the transcendental ego 

(transcendental philosophy will be criticized as well if it becomes metaphysical, see 

below). It is not the case that a raven is just a raven, and nothing else can be said. Rather, 

it is a raven because it satisfies the criteria of being a raven; these criteria constitute the 

meaning of the term “raven”, and they also need to be made explicit.  

If the statement that “the raven is black” is too common-sensical and is only made for 

everyday life, scientific knowledge is in general more precise and open to less confusion. 

Now if we set up the task of philosophy as the logical analysis of science, as I have alluded 

above, little difference exists among logical empiricism, pragmatism, neo-Kantianism and 

phenomenology. All of them, to be fair, recognize the importance of the transcendental 

dimension of science, though with different formulations of different degrees of clarity. 

Logical empiricism endorses the analytic-synthetic distinction, and transcendental 

philosophies like neo-Kantianism and phenomenology stress the “transcendental 

method” (Cassirer) and the “phenomenological analysis” (Kaufmann). Yet for present 

purposes, in the present thesis I still opt for the phrase “the logical analysis of science”. 

It is both possible and desirable: we only need to first accept the distinction between 

formal logic and transcendental logic, and then ignore all other terminological issues. In 

a nutshell, regarding the logical analysis of scientific knowledge, logic is both formal and 

transcendental. 

Nevertheless, even though such a distinction between naturalism and transcendental 

philosophy can be drawn, it is unlikely to impress scientists. After all, this distinction does 

not have an impact on scientific knowledge itself and its massive production today. Most 

scientists are naturalists and are not always able to distinguish between the metaphysical 

reality and the empirical reality. In my experience, few of them find transcendental 

philosophy acceptable, nor the concept of the transcendental ego intelligible. So, I have 

always been anxious to give an example which I hope can demonstrate the significance 

of transcendental philosophy to scientists. Now I believe that I can accomplish this, and 

my example has essentially three different sources: Friedman’s Kantian interpretation of 

Newtonian mechanics (1992a), the typologist or essentialist concept of species 

(Amundson 1998), and finally Driesch’s discussion of rational systematics, especially the 

analogy between the system of possible species and the periodic table of chemical 

elements (Driesch 1908b). 

I give my example by raising questions to scientists. The original question I raised to 

my scientist friends went as follows. Assume the universe has an origin and the Big Bang 

theory is true, in your opinion did Newton’s laws of mechanics exist at the Big Bang? At 

the start they were unsure whether they understood the question. Then I further 

explained, Newton’s laws of mechanics exist, if and only if, any existent macroscopic 

object under low speed conditions will be governed by Newton’s laws of mechanics. Yet 

they were still puzzled by this question, because at the Big Bang no macroscopic objects 
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nor low speed conditions were available. My reply was that the presence of macroscopic 

objects under low speed conditions is an indispensable condition of applying Newton’s 

laws of mechanics, but the absence of such objects and speed conditions has nothing to 

do with the validity of Newton’s laws of mechanics.17 Newton’s laws of mechanics merely 

state that if such macroscopic objects and low speed conditions existed at the Big Bang, 

the relation among their displacement, velocity, and motive forces would follow the 

calculus given in Newton’s laws. In the end, to better clarify, I suggested imaging a future 

when no macroscopic objects under low speed conditions exist anymore, will Newton’s 

laws of mechanics still hold? To this question my scientist friends tended to offer an 

affirmative answer, because, again, the absence of macroscopic objects under low speed 

conditions in the future has nothing to do with the validity of Newton’s law of mechanics. 

To phrase this question through the naturalism-transcendental philosophy distinction, 

the presence of macroscopic objects under low speeds is merely a naturalistic condition, 

and it has nothing to do with the validity of Newton’s laws of mechanics, the meanings of 

which are well constituted in the transcendental ego.  

A similar story, more relevant to the present thesis and the question of the nature of 

life, can be told, after replacing the Newtonian conception of matter with the typologist 

or essentialist concept of species. Consider one extinct species of raven, New Zealand 

ravens. Of course, all individual organisms of the New Zealand raven have gone extinct, and 

at present no single organism exists. Nevertheless, fossil remains and related 

paleontological studies show that such organisms did exist in the past. Further, it is a 

truism that self-maintenance and self-reproduction of these organisms depend on a 

complex set of physiological and developmental laws and mechanisms. If these organisms 

are members of the species New Zealand raven, these laws and mechanisms will be 

applicable and help define the species concept of the New Zealand raven. The analogy is 

clear enough. In principle, these laws and mechanisms are not different from Newton’s 

laws of mechanics. More importantly, the validity of these laws and mechanisms in 

relation to the species New Zealand raven has nothing to do with the actual presence of 

individual organisms of that species. It only states that these laws and mechanisms will 

be applicable if there are individual organisms of the species New Zealand raven. This is 

just like saying that Newton’s laws of mechanics will be applicable if there are 

macroscopic objects under low speed conditions. Individual organisms of the New Zealand 

raven emerged in evolutionary history and went extinct later, but the concept of the 

 

                                                      
17 On this point, two customary meanings of the term “existence” must be distinguished. There is first empirical 

existence, which applies to individuals and matters of fact, there is second transcendental or ideal existence, 

which applies to universals, laws and relations of meanings. It should be noted that the language of realism is 

thereby also dualistic. By “being real”, sometimes realists mean “being empirically real” (entity realism), 

sometimes they mean “being transcendentally or ideally real” (structural realism).  
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species is always there, by which we mean that its meaning is constituted in the 

transcendental ego, as those physiological and developmental laws and mechanisms.18 

As I will show later in chapters 1, 3 and 6, the foregoing analysis from the standpoint 

of transcendental logic has profound implications for logical issues in evolutionary 

biology. In the very least, the question of the origin of the species must receive two 

answers, one transcendental and the other naturalistic. The transcendental answer 

focuses on the ideal origin of the concept of the species in the transcendental ego, namely, 

laws and mechanisms that make individual organisms of the species possible, and the 

naturalistic answer concerns the material origin of the first organism of the species. Yet 

it is predictable that some hard-core Darwinians will simply dismiss the transcendental 

answer as reviving archaic Platonic idealism. In this thesis we disagree with this criticism. 

Our idealism is transcendental idealism, and the idea or the concept is to be conceived of 

as a set of ideal laws or relations. Indeed, from Platonic idealism to transcendental 

idealism, in Cassirer’s words, there is a move from “substance (thing-concept)” to 

“function (relation-concept)” (Cassirer 1953/1923).19 

A detailed analysis of these issues will be present in chapter 1 and chapter 6, but here 

an intuitive suggestion might make it more intelligible. In the living world we have the 

system of species, and similarly in the material world we have the periodic table of 

chemical elements. This analogy is crucial to understanding transcendental philosophy. 

Regarding the periodic table, it is known today that atoms of elements with relatively 

lower atomic numbers are available in nature, but not those atoms of higher atomic 

numbers. Those atoms have only been produced in chemical laboratories and nuclear 

reactors. Atoms of, for instance, element H (Hydrogen: atomic number 1) can be found in 

nature today, because conditions giving rise to and maintaining individual atoms of H are 

available in our universe; yet atoms of, say, element Ds (Darmstadtium: atomic number 

110) can only be produced by scientists in laboratories and nuclear reactors, because its 

related conditions have not been found available in nature, at least according to present 

 

                                                      
18  Recently two scientists reported a case of “repeated evolution” of an extinct species of flightless birds, 

Dryolimnas, the fossils of which have been found in two temporally separated locations (Hume and Martill 2019; 

Farrell 2019). This report can be read as supporting the typologist concept of the species. 
19 It follows that, regarding the mind-body problem, transcendental idealism endorses dualism. But it is not 

Descartes’ substantival dualism, but functional (psychophysical) dualism. Mind is as real as matter, and they are 

different functional attributes rather than substances (Kaufmann 1958/1944: 114-127). By the way, current 

discussions on the mind-body problem are deeply misguided by metaphysical naturalism. As matter is assumed 

to be the only sustance, in order to avoid substantival dualism (too heretical, since mind is also treated as 

substance) as well as eliminativism (if accepted, there is then nothing to debate about), mainstream analytical 

philosophers have invented strange positions like functionalism, epiphenomenalism, supervenient physicalism 

and non-reductive physicalism. All these amount to what Nietzsche termed “mystic explanations”. But for 

Nietzsche (and also for us), “mystical explanations are considered deep. The truth is that they are not even 

superficia1” (1974/1887: 182).  
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knowledge about our universe (but individual atoms of Ds might exist in the past or 

somewhere else). In a similar fashion (like that in the case of the system of species), 

therefore, we suggest that the meaning of every element and finally the meaning of the 

periodic table are constituted in the transcendental ego, and their ideal existence is 

irrelevant to the empirical existence of any individual atoms. To put it even more 

intuitively, no individual atoms with 110 protons exist (empirically) in nature, but we are 

quite sure that Ds always exists (ideally) at somewhere, suggested by (laws anchored in) 

the periodic table of elements. 

Similarly, just like chemists and physicists who create atoms unfound in nature today, 

some biologists envisage or even have started ambitious projects of de-extinction, that is, 

the re-creation (or “resurrection”) of extinct species, accompanied, of course, by ethical 

and legal controversies (Minteer 2014; Shultz 2016; Novak 2018; Slater and Clatterbuck 

2018; Finkelman 2018). Their techniques include cloning and genetic engineering. As a 

matter of fact, the re-creation of extinct species is in principle the same to the creation 

of elements unfound (or even elements that were confirmed to exist in the past, but now 

have gone “extinct”) in nature today. To have individual organisms of, for instance, New 

Zealand raven, biologists must use cloning and genetic engineering to create conditions 

that will finally give rise to these organisms; Similarly, to have individual atoms of, for 

instance, Ds, chemists and physicists must rely on suitable nuclear reactions. Even more 

intuitively speaking, as to element Fm (Fermium, atomic number 100), unfound in nature 

today but more or less confirmed to exist in the formation period of the earth, we might 

state that physicists and chemists can “resurrect” Fm through nuclear reactions, just like 

that future biologists might “resurrect” New Zealand raven through cloning and genetic 

engineering. Given this analogy, a more general lesson follows that the possibility of re-

creating extinct species/ elements is grounded in laws related to cloning and genetic 

engineering/nuclear reactions, and these laws are simply contained in the concept of 

relevant species/element. Further, such possibilities of creation and re-creation indicate 

that both the system of possible species and the periodic table of possible chemical 

elements must be presupposed. The system/the table supplies presuppositions of 

interpreting the empirical world of organisms/atoms from the transcendental 

standpoint.  

Of course, as I will show later, a crucial difference exists between the system of possible 

species and the periodic table of chemical elements: regarding the former at least up till 

now biologists have been able to study these species only through individual organisms, 

yet for the latter chemists and physicists can construct these elements, to a certain extent 

ideally and conceptually, that is, without having individual atoms beforehand. This 

difference concerns Kant’s regulative-constitutive distinction, but it is too complex to 

elaborate here (see the Conclusion).  

Now an objection to the analogy between the system and the table, raised by the 

philosopher of biology Elliot Sober (1980), might be worth a brief consideration. 
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According to Sober, “the essence of each kind [element] is its atomic number” (355); yet 

in contrast, “an essentialist view of biological species” does not hold, and one important 

reason, in addition to others, is that “a property of individual organisms 

[phenotypic/genetic characteristic or natural tendency] which is invariant across the 

organisms in a species” (381) cannot be found. In my view, however, Sober’s argument is 

unsound, because, rather fundamentally, he failed to recognize that the essence (idea, 

concept) of the species/element should receive a transcendental interpretation which cannot 

be replaced by any generalization based on existent organisms/atoms.  

In the first place, even though all individual atoms of certain element have the same 

atomic number, the essence of the element is far from being exhausted by the atomic 

number alone; it must include quite complex laws on, for instance, natural processes and 

artificial procedures of making individual atoms (van Brakel 2000; Havstad 2018). The 

same goes for the essence of the species.  

In the second place, these complex laws can be interpreted as synthetic a priori principles 

which define the essence of the element/species. The essence is captured through ideal 

relations. They are transcendental, not because they identify a non-revisable set of 

properties from generalization, but because they are presupposed in the interpretation 

of the empirical world. Individual organisms of the species might not share a single 

property, but this is irrelevant. The concept of the species does not come from a 

generalization of properties of existent organisms. Rather, the species is to be understood 

through synthetic a priori principles: it sets up standards from which organismic deviations 

take place and need to be further explained. For instance, the existence of unfortunate human 

beings in the persistent vegetative state (PVE) does not at all affect the definition of the 

human being as agents capable of rational thinking. This definition does not come from a 

generalization of empirical facts, because obviously there are people who are unable to 

think for various reasons. Instead, very importantly, the definition invokes a standard 

and thus makes it possible to search for causes to explain the deviation from the standard. 

PVE indicates a lack of the ability of rational thinking, and this might be explained by 

searching for anomalies of brain mechanisms. Similar interpretations have been given to 

Newton’s three laws (Friedman 1992: 165-210), and Weber’s type concepts in social 

sciences (Kaufmann 1958/1944: 158-168; Ringer 1997: 110-121, especially 115).  

In the third place, it is of central importance to understand that for a single concept, 

its related synthetic a priori principles in transcendental logic can be different in 

different contexts. For this, both neo-Kantianism and phenomenology emphasized that a 

concept (idea, essence) in scientific knowledge is not given once and for all, but set up as 

an ideal unity to accomplish. This is indeed the decisive step beyond Kant’s slightly dogmatic 

transcendental logic. According to Kaufmann, “it [the concept] is not given to thought, 

but set as a task for it, as well as Husserl’s dictum, according to which things are ‘open 

horizons of possibilities’” (Kaufmann 2014/1936: 113). Cassirer similarly stressed that 

scientific concepts are: 
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valid, not in that they copy a fixed, given being, but in so far as they contain a plan 

for possible constructions of unity, which must be progressively verified in 

practice, in application to the empirical material...we need, not the objectivity of 

absolute things, but rather the objective determinateness of the method of 

experience. (Cassirer 1953/1923: 322) 

At the same time, Cassirer also contended that a scientific concept must “possess a certain 

stability” (322) in terms of its associated synthetic a priori principles, otherwise “no sure 

and permanent use of it would be possible” (322). Let us return to the essentialist view of 

species. Given the insights from transcendental philosophy, it is clear that the concept of 

the species cannot be dismissed as non-existent, simply for a lack of shared properties. 

Instead, the ideal existence of the species is guaranteed by the permanent need for 

criteria to distinguish between different kinds of living beings. Ambiguities, of course, are 

unavoidable regarding which criteria to use; but that is exactly the reason why the ideal 

unity is a task to accomplish. These insights are also applicable to the concept of the 

element. In transcendental philosophy, the atomic number is to be interpreted as giving 

only one synthetic a priori principle for picking up individual atoms of the element, it is 

not a generalization of empirical facts about individual atoms. In addition, the concept of 

the element also includes many other principles (about electric shell, behaviors of 

electrons, etc.). Finally, it is quite conceivable that ambiguities will also arise, when it 

becomes questionable whether certain principles should be counted as part of the 

essence.20 

 

                                                      
20 Prof. Van Dyck pointed out that the reference to the transcendental ego in this thesis does not seem to escape 

the suspicion of being an absolute ego (or Platonic construct), especially when the transcendental realm, while 

allowing changing laws, is still treated as timeless. This is actually a very delicate point which needs to be further 

addressed. Recall Carnap’s raven example, the question whether “the raven is black” should be treated as a 

synthetic a priori principle cannot have a definite answer, but it is important to make the answer clear in 

different contexts, for the sake of intelligibility. Yet in principle, the atemporality of the transcendental ego will 

not be affected, as we can simply define those different contexts (historical periods, etc.) into the transcendental 

ego. So, if we start from scientific knowledge and tries to better understand it, then from the logical point of 

view, it is without any problem to end at an “unmovable” point, namely, the transcendental ego. Indeed, it is 

always logically unproblematic to claim that the natural world and its whole history are predetermined by laws and rules 

set up in the transcendental ego. Nagel understood this well, when he admitted that “I do not think it is possible to 

disprove interpretations of logical principles as surrogates for ultimate and necessary laws of being 

[transcendental ego]” (1949a: 33). But Nagel also claimed immediately afterwards that “what can conceivably 

be done is to show that such interpretations [references to the transcendental ego] are not needed for 

comprehending the nature and function of logic” (1949a: 33). So, given Nagel’s naturalism, we have to recognize 

that it is also logically unproblematic to treat the transcendental ego just as the laws and rules in science (also see Nagel 

1944c). Such a healthy naturalism helps prevent transcendental philosophers from reifying the transcendental 

ego into an absolute ego. Overall, as to the question whether laws and rules in science “really” take us to the 

transcendental ego, we must admit that we do not know the answer to it. By the way, this is the “ontological” 

version of the question raised from the “epistemological” point of view in footnote 16: how can psychological 
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As a matter of fact, the ultimate source of Sober’s objection comes from metaphysical 

naturalism. Along with other Darwinians, he conceives of the natural world as part of the 

metaphysical reality. For these Darwinians, further, a variety of organisms as either living 

beings or fossil records are simply given out there in nature, and knowledge comes from 

empirical generalizations about these organisms. But since no single universal property 

is identifiable for a population of organisms allegedly from the same species, they dismiss 

the concept of the species as having no real existence or simply treat the species as a 

group of organisms with populational, ecological, evolutionary or phylogenetic relations. 

But transcendental philosophy disagrees with this interpretation. In sharp contrast, it 

claims that the species has an ideal existence in the transcendental ego, and organisms of 

this species only empirically exist in the natural world.21 

Given the tremendous influence of Darwinism today, it is not difficult to see how 

naturalism has been metaphysically contaminated (see chapter 6). But to be fair, 

transcendental philosophy, even though it is logically priori to naturalism and therefore 

more fundamental in this sense,22 is also open to metaphysical misreading: the ideal unity 

of the concept is hypostasized or even absolutized into a mysterious entity already 

attained. Metaphysicians on the transcendental side then pretend that the unity of the 

concept has already been achieved and is no longer a task to accomplish. In particular, 

the same danger exists for the transcendental ego. In this case, it is often heard from 

phenomenologists that the foundation of all sciences is to be sought in the transcendental 

ego, as if the latter possessed the highest status from which every special science is 

derived and is therefore inferior. Then, not unlike Hegel’s absolutizing of Kant’s Reason, 

transcendental philosophy also becomes metaphysically contaminated and the 

transcendental ego degenerates into an absolute ego (ironically, this takes us to structural 

realism, see below). Metaphysical forms of transcendental philosophy bear little 

difference from those of naturalism, which tends to absolutize facts and events into a 

metaphysical reality. As we have seen, Friedman condemned contemporary naturalism 

as “perverse”, because it only uses science as an ideological weapon; similarly, Nagel 

 

                                                      
subjects like us have cognitive access to the transcendental ego? To both, Heidegger (1996/1927)’s exitential 

ontology cannot be ruled out as giving a plausible answer. But as I said, we logical analysts might safely ignore 

this question and focus on laws and rules within scientific knowledge.  
21 The species problem has long been popular in philosophy of biology (Wilson 2009; Richards 2010; Ereshefsky 

2017). While in earlier years the anti-essentialist concept of species appeared to be the received view (Ghiselin 

1974; Hull 1978), recently there has been a revival of essentialist or quasi-essentialist conceptions of species 

(Boyd 1999; Griffiths 1999; Wilson 1999; Walsh 2006; Devitt 2008; Love 2009). There are also some that attempt 

to take a middle position (Kitcher 1984; Ereshefsky and Matthen 2005). I will briefly comment on the species 

problem in chapter 6. 
22 Kaufmann (1940) commented on Dewey’s naturalism: “as soon as it is realized that the naturalistic approach 

is charged with presuppositions accessible to further analysis, a new task [in transcendental philosophy] which 

cannot be defined in terms of naturalistic doctrines is set for reflective thinking” (245-6). 

http://www.ucalgary.ca/~ereshefs/
http://www.ucalgary.ca/~ereshefs/
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complained that phenomenologists (the only exception might be Kaufmann) seldom 

study science and very few phenomenological writings “are expressed in recognizable 

English” (Nagel 1941b: 301). So, both naturalism and transcendental philosophy are open 

to metaphysical contaminations; and now we need to overcome these metaphysical 

tendencies, by returning to the logical analysis of science. 

The logic of science: the inseparability of naturalism and transcendental 

philosophy 

I have claimed that logical empiricists did not explicitly address the transcendental 

dimension of science. But this claim cannot go without a warning. Indeed, even the great 

Wittgenstein did not avoid the question of the transcendental ego. In Tractatus he 

encountered “the philosophical I... the metaphysical subject, the limit-not a part of the 

world” (1999/1922: 5.641). Further, as to Carnap, it would be a great injustice to him if we 

assert that he did not understand (so previously I used the word “realize”) the motivation 

of transcendental philosophy. On the contrary, Carnap’s elaboration of the concept of the 

linguistic framework (a system of rules of speaking) nicely captures the transcendental 

dimension of science (Carnap 1950). In addition, his distinction between extension 

(empirical truth) and intension (cognitive meaning) echoes that of Kaufmann’s, matters 

of facts and relations of meanings (Carnap 1955), and Carnap also explicitly wrote that 

“determination of truth presupposes knowledge of meaning” (37). Moreover, this 

distinction was never ignored by logical empiricists in general. Feigl warned over the 

“confusion of pictorial appeals with cognitive meanings” (Feigl 1981/1950: 301). 

According to Feigl, logical empiricism essentially endorsed “the sharp distinction 

between the pictorial connotations of words, i.e., the imagery that accompanies their use, 

and the syntactical-semantical rules that govern their use” (1943: 8).  

For Feigl, “semantics analyzes the meaning of terms and expressions” (1943: 7) and 

“syntax...ignores even the meaning-relation and studies exclusively the connections of 

linguistic signs with each other” (7). In my view, it is fairly obvious that Feigl’s “analysis 

of (cognitive) meanings” (1934: 421) runs parallel to Kaufmann’s rational analysis. The 

analytics of logical empiricism consists of both formal logic and transcendental logic. 

Crudely speaking, Feigl’s syntactical rules coincides with Kaufmann’s formal logic; his 

semantical rules correspond to Kaufmann’s transcendental logic, i.e., constitution of 

meanings in the transcendental ego. 

In a review of Dewey’s pragmatic philosophy of science, Nagel made even more explicit 

this distinction, often complicated by using different terms and mutual 

misunderstandings (Nagel 1954a/1939). For the clarity of Nagel’s essay, let me quote him 

in full: 

(1) Generic or quasi-universal propositions: certain propositions, suggested but no 

derived from empirical material, may be asserted with confidence because the 
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conditions for warranted assertions have been approximated for them. These 

propositions do not enter integrally into the theoretical framework of science, and 

their correction or even total abandonment does not involve a radical recasting of 

that framework. (144) 

E.g., “all men are mortal”: empirical truths (Carnap, Feigl), matters of facts (Kaufmann), 

synthetic a posteriori propositions (Kaufmann, Cassirer). 

 

(2) Universal propositions 1: some propositions gradually acquire such a 

commanding position in the set of warranted assertions of the period (in terms of 

comprehensiveness and deductive power), that they reach the status of leading 

principles of empirical analysis and in large measure control the general direction 

of research in the science of which they are a part. These propositions are not easily 

challenged by the facts of experience, not because they have no significant 

alternatives, but because to challenge them would involve a fundamental 

overhauling of the theoretical systems of science; they thus function as assured 

procedural principles, no longer at the mercy of random experiments because 

suitable devices are provided for obviating apparent contradictions with 

experience without impairing their fruitfulness as guides to further inquiry. (144-

5) 

E.g., “Newton’s law of gravitation”: semantical rules (Carnap, Feigl), relations of meanings 

(Kaufmann), synthetic a priori principles given in transcendental logic (Kaufmann, Cassirer). 

 

 

(3) Universal propositions 2: but the propositions of mathematics differ radically 

from those just mentioned. They are analytic, and though also instrumental in 

inquiry are instrumental in a different way. For their function is to make transitions 

in discourse, to facilitate calculations of various sorts, rather than to direct the 

analysis of empirical material or to formulate possible modes of action. (145) 

E.g., “2+2=4”: syntactical rules (Carnap, Feigl), formal logic and mathesis universalis 

(Kaufmann) 

Nagel emphasized that this three-fold distinction is “fundamental for an adequate 

theory of inquiry” (147). So in sum, along with Nagel, other logical empiricists with their 

two two-fold distinctions (analytic-synthetic, syntactical-semantical) did capture the 

transcendental dimension of scientific knowledge. But unfortunately, in their dismissal 

of synthetic apriori principles, they failed to recognize that those endorsed by neo-

Kantians and phenomenologists had many characteristics of their own semantic rules. 

Note that in making the three-fold distinction, Nagel relied on the contents of science, 

and examined the functions of relevant propositions in scientific inquiries. As we have 

seen above, Nagel’s naturalism comes from empirical results in science, and Nagel himself 

had no patience for transcendental phenomenology especially when it was so 

disconnected from science and was then suspicious of leading to bad metaphysics. 

However, in 1929 as a Ph. D student the young Nagel also warned about the danger of 
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metaphysical naturalism in his article “Nature and Convention” (1929a), later 

incorporated into his Ph. D thesis the Logic of Measurement (1930). In the 1929 article, even 

though Nagel did not employ the term “transcendental philosophy”, he came very close 

to it and shared its basic commitments, in his use of the term “convention”.23 Similar to 

Voegelin’s characterization of transcendental logic as a set of “special logics (or material 

ontologies) of the individual kinds of subject matter” (Voegelin 2001/1923: 10), Nagel 

claimed that “they are conventions for a certain field of inquiry, that is, they look toward 

subject-matter” (Nagel 1929a: 176).24   

As we have seen, both naturalism and transcendental philosophy are open to 

hypostatization or metaphysical misinterpretations, which pretend to operate with 

“‘things in themselves’ and ‘transcendent ideas’” (Kaufmann 1940b: 131). 25  But in 

contrast, formulations of transcendental philosophy and naturalism free from 

metaphysical contaminations were brought out clearly by Nagel in his 1929 article. To 

paraphrase Nagel, the contrast between transcendental philosophy (the transcendental 

ego) and naturalism (the natural world) is in danger of being metaphysicalized into a 

“disruptive alternative” (170). However, transcendental philosophy and naturalism are 

not “irreconcilable oppositions” (170). According to Nagel, metaphysical tendencies can 

be overcome only by attending to “logical analysis” (170) and appreciating the 

inseparability of “the outcome of inquiry [nature]” (173) and “its processes and rules 

[convention]” (173). Recall the task of philosophy given by logical empiricism, 

pragmatism, Neo-Kantianism and phenomenology: the logical analysis of scientific 

knowledge must always come first. Only after the results of analysis are clearly brought 

out, transcendental philosophy and naturalism will emerge and capture contrastive but 

inseparable (transcendental/logical, ideal, universal, and conceptual VS empirical, 

material, individual, factual) aspects of the analytic results. Hence, similarly, Husserl’s 

“inseparability of matter of fact and essence” (1982/1913: 7). 

By the way, to this list might be added instrumentalism and realism, regarding the 

instrumentalism-realism controversy. As alluded above, concerning the instrumentalism 

of logical empiricism, a concept is an instrument, not as a fictional device but as an idea 

 

                                                      
23 This is the standard use of the term “convention” among logical empiricists (Friedman 1999, 2007) and even 

Kaufmann (1958/1944: 47), despite Quine’s misreading their conventionalism as some linguistic doctrine of 

truth (Quine 1936). 
24 Logical empiricists and pragmatists were much more flexible or naturalistic about the use of “convention”. 

As Nagel put it, “conventions for something are conventions for someone...are directed to a group of inquirers, 

defining the point of approach in terms of which the objects of inquiry can be initially fixed” (Nagel 1929a: 176).  
25  According to Friedman, Cassirer also warned over the danger of hypostatization: “[for Cassirer] the 

fundamental error of all ‘metaphysical’ conceptions of knowledge, on this view, is a hypostatization via 

ontological dualism of opposing elements” (Friedman 1999: 154). Refer to the same page for Cassirer’s original 

statements, which are too long to quote in full here.   
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constituted in the transcendental ego. Similarly, the realism of logical empiricism is 

merely empirical and cannot be metaphysicalized. Then it is quite easy to understand 

why Schlick had to warn over the danger of metaphysics. In addition, the replacement of 

“the empirical reality” by “the metaphysical reality” has fatal consequences: the natural 

world become metaphysicalized and the transcendental ego would resultantly be 

forgotten.26  

To conclude, transcendental philosophy and naturalism capture two contrastive but 

ultimately inseparable aspects of the results of the logical analysis of science. Of course, 

it is not incorrect to claim that neo-Kantianism and phenomenology attend more to the 

transcendental aspect, and that logical empiricism and pragmatism care more about the 

naturalistic aspect. However, transcendental philosophers, ideally, should never forget 

the natural world, and naturalists have only provided different formulations (as 

conventions) for transcendental logic. Ideally, in the logical analysis of science, they work 

together to pursue clarity to its full extent. Finally and most importantly, concerning the 

logical analysis of science itself, which must always come first, hardly any difference is 

detectable between transcendental philosophy and naturalism.  

Logical analysis of scientific knowledge must come first. Such an imperative was fully 

realized by Nagel. Commenting on Cassirer’s neo-Kantian reading of quantum mechanics 

in Determinism and Indeterminism in Modern Physics (1966/1936), Nagel in a 1938 review 

already concluded that “on many important points it is only his Kantian terminology and 

Kantian piety which distinguishes Cassirer from many naturalistic pragmatists and 

logical empiricists” (Nagel 1938: 230). Here Nagel excluded phenomenology for 

understandable reasons, but only a few years later in an exchange with Kaufmann (1943, 

1944, 1945) the phenomenologist, Nagel (1944a, b) remarked that “perhaps there really is 

no issue dividing us” (1944b: 77).27 Nagel’s two comments, in my view, fully demonstrate 

the radical nature of the philosophical revolution explicitly urged by logical empiricism 

and implicitly supported by pragmatism, neo-Kantianism and phenomenology: the task 

of philosophy as the logic of science, both formal and transcendental.28 

 

                                                      
26 As alluded above, today realists often defend a position called structural realism. In my view, a moderate 

structural realism is indistinguishable from the healthy transcendental philosophy of Neo-Kantianism and 

phenomenology, in which the ideal existence of universals, laws, relations and structures comes first. However, 

structural realism widely held today also presupposes the existence of a metaphysical reality, which turns out 

to be an absolutized or dogmatized transcendental ego (even worse, often restricted to laws, relations and 

structures in physics). 
27 Very interestingly, Kaufmann (1940) gave a very similar comment on Dewey’s Logic: “[Dewey’s insight] is 

inherent not only in the positivistic and empiricist systems of thought, but also in the neo-Kantianism of the 

Marburg school and in Husserl's phenomenology” (245).  
28 One of the best representatives of transcendental philosophy today is Friedman (2001), and one of the best 

healthy naturalists is Mark Wilson (2006). There are some extremely interesting exchanges between them 

(Friedman 2010a, 2013; Wilson 2010, 2013). 
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The history of science 

In 1962 Thomas Kuhn published his influential monograph the Structure of Scientific 

Revolutions (1970/1962), by which he has been said to initiate the so-called historical turn 

in philosophy of science. In a standard textbook on philosophy of science today, Kuhn is 

normally ranked after Karl Popper and Quine, and his historical approach is said to have 

advanced the third devastating criticism of logical empiricism. Though it is at least an 

open question whether Kuhn had an idea of what logical empiricism was when he wrote 

Structure (Richardson 2007), he did re-introduce the history of science into serious 

philosophical endeavors in the Anglo-American world. Here in this section, concerning 

Kuhn’s historical approach, my goal is limited. Based on recent scholarship, I only seek to 

suggest a new way of appreciating Kuhnian historicism by taking the method of logical 

analysis into account. I hope to show that Kuhn’s approach does not at all contradict 

logical empiricism. On the contrary, it is better viewed as logical analysis historicized. 

Kuhnian historicism: historical studies of science 

In Anglo-American philosophy of science, Kuhn’s Structure is treated as a classic within 

the historical approach. Kuhn started as a physicist and later became a historian of 

physics. He wrote monographs on the Copernican revolution and the history of quantum 

mechanics (1957, 1987), he also had interest in a wide range of topics in the history of 

physics (1977, 2000). Yet importantly, Kuhn’s ambition was not merely historical, he 

wanted to draw more general philosophical lessons from his historical studies of science. 

Overall Kuhn’s philosophical concern was about scientific change, for which he had 

developed intriguing concepts such as paradigm (later disciplinary matrix) and 

incommensurability (not incomparability). And by closely examining the extreme case of 

scientific change, that is, scientific revolution, Kuhn hoped to counter the popular 

impression of science, which actually amounts to metaphysical naturalism, that scientific 

knowledge accumulates by uncovering a world that is “really there” (Kuhn 1970/1962: 

206). 

Compared to logical empiricism, at least according to standard textbooks, one 

important merit of Kuhn’s historicism is that it brings the history of science or the study 

of scientific change into central focus. This point is usually used to discredit logical 

empiricism. The critics declare that in addition to other issues logical empiricism is also 

problematic for its ahistorical approach to science. But it is quite difficult to understand 

this criticism. In what sense is logical empiricism ahistorical? It is true that many logical 

empiricists in general were not learned about the history of science, but did they dismiss 

historical studies of science? Indeed, historians of early logical empiricism have noted 

that the intellectual exchange between Kuhn and Carnap did not indicate any hostility 
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from the latter (Reisch 1991). On Carnap’s side, he welcomed Kuhn’s emphasis on 

scientific change. As to Kuhn, ironically, he admitted that if had known more about 

Carnap’s work, he “probably would never have written Structure” (Kuhn 2000: 306). 

Inspired by these intriguing remarks, new scholarship has contributed closer 

treatments of the works from both Kuhn and logical empiricists. As Friedman (2012) 

summarized, “deep affinities” (79) exist between Kuhn’s philosophical outlook and that 

of logical empiricism. Further, Friedman attempted to digest these affinities by drawing 

lessons from both neo-Kantianism and Husserlian phenomenology. Friedman combined 

them in his project of dynamics of reason. In his view, “constructive historical 

investigation” (2010b: 702) will demonstrate “the existence of such diverse...a priori 

principles” (713) in the history of science. 29 

Kuhnian historicism as logical analysis historicized 

Following Friedman, I believe that Kuhn’s historicism can be understood in a slightly 

different but more “natural” way. The gist of the new way is to apply the method of logical 

analysis to the history of science. In a nutshell, if logical empiricists with the method of 

logical analysis tend to deal with science in the present, Kuhnian historicists handle 

science in the past. But similarly, the task is to clarify with care the formal logic and the 

transcendental logic embedded within given materials (theories and facts), either 

contemporary or historical. Obviously, there is little difference between this task and 

Friedman’s dynamics of reason, and formal logic and transcendental logic actually 

constitute Friedman’s historicized and relativized a priori. 

There is another reason to emphasize that Kuhnian historicism must be based on the 

logical analysis of sciences in different historical periods. In Kuhn’s case, to account for 

scientific change or even scientific revolution, he advanced notions such as those of 

paradigm and incommensurability. Yet against Kuhn’s own intentions, these notions 

have often been used to legislate defective notions and doctrines (especially in 

evolutionary biology, see chapter 6). One can simply claim that he/she has a different 

paradigm incommensurable to the contrasting one, so the two paradigms are equally 

legitimate. Yet such lazy claims cannot be made, if we stick to the method of logical 

analysis. A paradigm is there to be clarified, and it is not for legislating purposes. 

 

                                                      
29 Kuhn’s historical approach, despite its prominence in the Anglo-American world, received less attention in 

the French tradition of historical epistemology, represented by Gaston Bachelard, Georges Canguilhem, and 

Michael Foucault. Take Foucault as an example (1970/1966, 2002/1969). Foucault’s method of archeology 

examines knowledge in a given period, while his method of genealogy deals with the succession of knowledge 

in different periods. From the results of archeology and genealogy Foucault finally offered his own “historical a 

priori” (2002/1969: 142-8). Compare this with Friedman’s historicized and relativized a priori principles.  
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Conceptual, principal and theoretical incommensurability can only be shown through 

results of clarification, and it is not for legislation. 

The idea of Kuhnian historicism as logical analysis historicized, in my view, is neither 

peculiar nor difficult to understand. On the contrary, it is quite “natural”: if one wants to 

comprehensively understand a particular science in terms of its (changing) contents, one 

must examine its contemporary status and its history. To grasp the contents of a science 

(excluding its socio-cultural background), both logical (formal and transcendental) and 

empirical, I am afraid that nothing more can be done. So, even if we take the history of 

science into account, from the methodological point of view, Wittgenstein’s remark 

(“how little has been done”, 1999/1922: 28) and Voegelin’s warning (“the problem of 

logical penetration is, in principle, solved”, but only “in principle”, 1982/1913: 17-8) still 

count: before seriously engaging science, one has done actually very little. 

The shared enemies: metaphysicalized forms of naturalism and transcendental 

philosophy 

Therefore, the merit of Kuhn’s historicism does not lie in its undermining of logical 

empiricism, as is often maintained. Rather, in my view, it shares with logical empiricism 

two basic enemies, metaphysicalized forms of naturalism and transcendental philosophy. 

Metaphysical (ontological) naturalism is popular today (see Papineau 2016). It 

presupposes that a metaphysical reality exists out there and then science is able to 

generate true statements about it. In addition, it admires physics and often tries to 

restrict the metaphysical reality into physicalist and materialist categories. In contrast, 

transcendental philosophy is less appreciated today, but it flourished in German idealism 

in the early nineteenth century, yet often in a highly metaphysical manner. This 

metaphysics assumes the existence of an absolute ego, on which all empirical realities are 

to be grounded.  

Logical empiricism takes its primary task to be the logical analysis of contemporary 

sciences. In consequence, admittedly, the results of the analysis are more or less static and 

are therefore open to metaphysical misreading. Individual objects and events might be 

elevated to metaphysical entities, and the empirical reality is consequently hypostasized 

into a metaphysical reality. Similarly, laws and relations might also be absolutized, and 

the transcendental ego is thereby hypostasized into an absolute ego. In contrast, Kuhnian 

historicism is less exposed to the danger of hypostatization. Obviously, it is easy for 

metaphysicians to treat current sciences as having access to a metaphysical reality or an 

absolute ego, but they encounter great difficulties if the history of science is consulted. 

Since the history of science must account for scientific change, the results of analysis 

must necessarily be more dynamic and the move to a metaphysical reality or an absolute 

ego is less likely to be reasonable: yesterday’s best theory claiming to reach a 

metaphysical reality or an absolute ego always breaks down upon today’s new theory.  
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Some final words. Indeed, at best metaphysical naturalism might end up as a position 

called critical realism (science approaches the metaphysical reality), and metaphysical 

transcendental philosophy as critical idealism (science approaches the absolute ego). 

However, in both critical realism and critical idealism, the metaphysical reality and the 

absolute ego (which, ultimately, will be indistinguishable) are never anything out there, 

but goals to be fulfilled. If we only attend to scientific development, the two ideas, namely, 

the metaphysical reality and the absolute ego, although logically unproblematic to 

presuppose, are superfluous and of little relevant to science itself. As a matter of fact, 

Kuhn treated this as one of his central lessons at the end of Structure: 

There is, I think, no theory-independent way to reconstruct phrases like “really 

there”; the notion of a match between the ontology of a theory and its “real” 

counterpart in nature now seems to be illusive in principle. Besides, as a historian, 

I am impressed with the implausibility of the view. I do not doubt, for example, that 

Newton’s mechanics improves on Aristotle’s and that Einstein’s improves on 

Newton’s as instruments for puzzle-solving. But I can see in their succession no 

coherent direction of ontological development. (Kuhn 1970/1962: 206) 

Almost 30 years before Kuhn’s Structure, Frank wrote as a logical empiricist in the Law 

of Causality and its Limits (1998/1932), based on maybe a less sophisticated study of the 

history of physics: 

Therefore if we study the sequence of theories of Copernicus, Kepler, Newton, 

Einstein, we find that each time the theory changes fundamentally. Precisely the 

basic assumptions are abandoned each time. The perfection of celestial bodies is 

replaced by the law of construction of an orbital path, this by a law of accelerations, 

this again by a law of spatio-temporary paths in a four-dimensional non-Euclidean 

space. These changes show nothing to indicate convergence toward a limit. (Frank 

1998/1932: 249) 

Historicized logical analysis leads to existentialism 

Now as a digression, I want to call attention to one important consequence of logical 

analysis being historicized, that is, an existentialist attitude towards scientific progress. 

The idea is simple. Since scientific progress is always historical, it makes no sense to talk 

about science without referring to a historical period. Trivially, the logical analysis of 

science must be contextualized, and it also has to be historical in nature. As a result of all 

these, logical analysis must turn out to be a Sisyphean project pursued by mortal beings, as 

characterized by Albert Camus (1955), for its dedication to the never-ending progress of 

science. To state this in existentialist terms, logical analysis can only aim at temporal clarity 

rather than ultimate grounding. 

However, maybe for genuine existentialists this is not “existential” enough. For them, 

logical analysis might have nicely captured Camus’s Sisyphus metaphor, but it fails to 
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address Camus’s only philosophical question, that is, suicide. The question of suicide 

derives ultimately from the question of the Meaning of life (and death), and perhaps even 

the Meaning of the world and the Meaning of humanity (all these finally come to one 

Meaning in traditional religions). Then does logical analysis, which essentially concerns 

scientific progress, have anything to do with this great question? In his famous lecture 

“Science as a Vocation”, Weber once remarked on science and the great Meaning 

question, through the voice of Leo Tolstoi: 

[science and the Meaning of life or humanity]: Now, this process of disenchantment 

[scientific progress], which has continued to exist in Occidental culture for 

millennia, and, in general, this “progress”, to which science belongs as a link and 

motive force, do they have any meanings that go beyond the purely practical and 

technical? You will find this question raised in the most principled form in the 

works of Leo Tolstoi. He came to raise the question in a peculiar way. All his 

broodings increasingly revolved around the problem of whether or not death is a 

meaningful phenomenon. And his answer was: for civilized man death has no 

meaning. It has none because the individual life of civilized man, placed into an 

infinite “progress”, according to its own imminent meaning should never come to 

an end; for there is always a further step ahead of one who stands in the march of 

progress. And no man who comes to die stands upon the peak which lies in 

infinity…civilized man, placed in the midst of the continuous enrichment of culture 

by ideas, knowledge, and problems, may become “tired of life” but not “satiated 

with life”. He catches only the most minute part of what the life of the spirit brings 

forth ever anew, and what he seizes is always something provisional and not 

definitive, and therefore death for him is a meaningless occurrence. And because 

death is meaningless, civilized life as such is meaningless; by its very 

“progressiveness” it gives death the imprint of meaninglessness. (Weber 1946/1922: 

139-140) 

[Science and the Meaning of the world]: And today? Who-aside from certain big 

children who are indeed found in the natural sciences still believes that the findings 

of astronomy, biology, physics, or chemistry could teach us anything about the 

meaning of the world? If there is any such “meaning”, along what road could one 

come upon its tracks? If these natural sciences lead to anything in this way, they 

are apt to make the belief that there is such a thing as the “meaning” of the universe 

die out at its very roots. 

[Science gives no such Meaning]: What is the meaning of science as a 

vocation?...Tolstoi has given the simplest answer, with the words: “Science is 

meaningless because it gives no answer to our question, the only question for us: 

“What shall we do and how we live?” That science does no give an answer to this is 

indisputable. (143) 

It is remarkable that this conclusion comes from one of the greatest scientists in human 

history. Following Weber, we emphasize that scientific progress cannot give any comfort 
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to metaphysicians in search of any ultimate Meaning of life, world and humanity. As 

Weber himself knew too well, logical analysis only makes this point even clearer (151). 

Maybe such a Meaning exists elsewhere but it cannot be found in science. Ironically, as 

we have seen, contemporary naturalists are clearly deriving such a Meaning from science, 

when they “worship” science as having the unique access to the metaphysical reality, and 

use science as an ideological weapon to attack religion (often with a secret desire to 

replace it), which used to offer such an ultimate Meaning. By the way, I always find it 

difficult to accept the self-satisfied style of contemporary naturalists’ “philosophizing”. 

They want to use science to preach an ultimate Meaning for life, world and humanity; but 

I am very sorry to observe they do not seem to even understand in the slightest what 

Nietzsche’s “God is dead” means, or put it more explicitly, how the existentialism of 

Camus, Weber and Nietzsche has shaped modern cultural life and why it has posed a 

serious philosophical challenge to their wishy-washy naturalism. 

Comments on a recent case study: Chang’s phlogiston 

In the end, given previous discussions, I hope to briefly comment on what merits the 

history of science offers for the present thesis on vitalism. But before doing this, let us 

start by drawing inspirations from a similar study, that is, Hasok Chang’s illuminating and 

excellent re-examination of the phlogiston theory, an outdated doctrine in the history of 

chemistry (2009, 2010, 2011, 2012a, 2012b). In chemistry textbooks, phlogiston is now 

presented as an outdated theory, which was replaced by Antoine-Laurent Lavoisier’s 

oxygen theory at the end of the eighteenth century. To counter this triumphalist (not 

even Whiggish) story, Chang went back to the theoretical and social contexts of the 

original phlogiston-oxygen controversy. He argued that “there were no conclusive 

grounds of empirical evidence, simplicity or progressiveness that supported the complete 

elimination of the phlogiston theory”, and that “phlogiston was killed prematurely” 

(2012b: xvii). He also draws a general pluralist lesson for philosophy of science (but 

regarding his more general question, is water 𝐻2𝑂?): “there is no benefit to be gained 

from a dogmatic adherence to a simple-minded scientific truth that science itself has 

already modified” (xvi). 

My lack of technical competence in the history of chemistry prevents me from giving 

any qualified judgment about Chang’s conclusion. Yet relevant to my concern over 

vitalism as an equally outdated doctrine in biology, I first summarize Chang’s 

argumentative strategies and then comment on his final conclusion. To defend the thesis 

of the premature death of phlogiston, Chang adopted at least three strategies in general. 

First, he accused Lavoisier’s original oxygen theory of being flawed even according to 

early-nineteenth-century standards on many different points, such as its component 

theory of acids, theory of combustion, and caloric theory (2012b: 8-12). Second, he 

contrasted the phlogiston theory to the oxygen theory and argues that the two theories 
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invoked different “systems of practice” (15-18), had relatively different “problem-fields” 

(19-22), endorsed “divergent epistemic values” (22-27), went for “divergent instantiations 

[even] of the same value” (27-29) and finally, though with some qualification, adopted 

different transcendental principles (“compositionism vs principlism”, 37-42). Chang’s 

conclusion is that “there were no conclusive reasons of evidence to reject the phlogiston 

theory in favor of Lavoisier’s theory” (14). Third, he argued for the benefits of preserving 

the phlogiston theory and the phlogiston-oxygen interaction. According to Chang, in the 

eighteenth and nineteenth centuries phlogiston was sometimes identified with, or at 

least analogized to, electricity/electron (43-46) and chemical potential energy (46-48). 

Therefore, a premature killing of phlogiston “discard(ed) certain valuable scientific 

problems and solutions” (47) and “closed off certain theoretical and experimental 

avenues for future scientific work” (47). 

Chang’s ability to substantively engage historical materials is astonishing today, and 

even greater is his intellectual power to insert all of them into a coherent story. 

Importantly, his inspiring imperative to engage in real sciences is in aligned with the idea 

of philosophy as an activity endorsed by logical empiricists, pragmatists, neo-Kantians 

and phenomenologists. However, regarding his thesis on the premature death of 

phlogiston, I am not fully convinced. This is not to suggest that his conclusion is false, but 

that I have not seen sufficient evidence for the conclusion. In relation to vitalism we focus 

on his last two argumentative strategies. Consider the third strategy first. It is true that 

some chemists and philosophers in the eighteenth and nineteenth centuries identified 

phlogiston with electricity/electron or energy, so that phlogiston appeared to be 

associated with other potentially important questions and hypotheses. But this 

association might be superficial for the following two reasons. First, since the two 

concepts of electricity and energy, although unclear, were also used at that time, it seems 

better to present those questions and hypotheses as related to these two concepts rather 

than phlogiston. Second, as I will show in my examination of vitalism and physics 

(chapter 2), vitalism, along with many other vague concepts (e.g., imponderable fluids 

and ether) in the nineteenth century, was also identified with electricity and energy. Yet 

it does not seem desirable to preserve vitalism. So, in all, while Chang’s story is great in 

pointing out the connections between phlogiston and other important physical concepts, 

it could have been more critical. In my view, the method of logical analysis (historicized) 

is applicable here. Following Chang, at best we can claim that the term “phlogiston” was 

used in three different meanings at that time, the first as a contrast to Lavoisier’s oxygen, 

the second similar to that of electricity then and afterwards, the third akin to that of 

energy. Chang declared in the end that phlogiston “is already here [in modern 

chemistry]” (65), but I think what he actually meant is that in the history of chemistry 

there was a differentiation of meanings of the term “phlogiston”. Now only one meaning has 

been discarded (maybe without full qualification); although widely unrecognized, a 
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second is connected to the concept of electron, a third ends up being energy (a similar 

story can be told for vitalism and physics, see chapter 2 and chapter 3). 

Regarding his second strategy of contrasting the phlogiston theory and the oxygen 

theory, Chang’s analysis is admirably complex, but to me remains a bit unconvincing. For 

instance, in relation to problem-fields, Chang showed that the phlogiston theory and the 

oxygen theory were both interested in “understanding of combustion”. He further argued 

that the oxygen theory “clearly fail(ed) in giving a complete account of combustion” (26; 

for details see 9, 23-26). All these might be correct in general. However, on a remark on 

how phlogiston, when identified with electrons, might explain the production of flame in 

combustion (45), Chang did not discuss phlogiston as “the principle of inflammability” (3) 

and combustion in detail. Then does the principle of inflammability give a complete 

explanation for combustion in general? I doubt it, since it yields a mere tautology. Chang 

focused on the defects of the oxygen theory and avoided all on the phlogiston side. As a 

matter of fact, the oxygen theory might still be better, if it was less defective than the 

phlogiston theory. But no such details are presented by Chang. Hence to me Chang’s 

comparison between oxygen and phlogiston remains unconvincing, with a secret desire 

of justifying the phlogiston theory. In legislation, Chang turned to Kuhnian ideas and 

created several contrasts; the two theories then appear to diverge sharply from each 

other to the extent of being incommensurable. In my view, due to his legislating use of 

these Kuhnian ideas, Chang’s analysis falls back to traditional philosophy. As a result, the 

logical analysis of the phlogiston theory and the oxygen theory is not executed to its full 

extent. 

Again, to emphasize, I am not suggesting that Chang’s conclusion is false; it might still 

be the case that the phlogiston theory was prematurely rejected. What I am urging is that 

the logical analysis of the two theories is not enough for comparative purposes. Chang’s 

conclusion would still hold if it were shown that the phlogiston theory had more merits 

and fewer defects than the oxygen theory. Due to my technical incompetence I am not 

able to solve this problem. but for my purpose, Chang’s general method is quite inspiring 

for my case of vitalism. Thus, similar to Chang’s study of phlogiston, the present thesis 

aims at a comprehensive examination of vitalism. Following Chang, we start with the 

history of science. In the eighteenth and nineteenth centuries, biologists and 

philosophers were more inclined to advance doctrines of vitalism. The history of science 

provides rather rich materials for logical analysis: vitalism and organism, vitalism and 

evolution, vitalism and physics. But to deepen Chang’s strategy, we hope to achieve a 

higher level of clarity. As we will show, sufficiently analytic results have a profound 

impact on our re-evaluation of important concepts and themes in contemporary biology 

and philosophy. 
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Terminological issues 

Before concluding our methodological considerations, it seems important and even very 

necessary to clarify some terminological issues in general. But even regarding these 

issues, unfortunately, the influence of metaphysical naturalism is quite detectable. In the 

present Introduction we have introduced several philosophies ranging from logical 

empiricism to Kuhnian historicism. Here the first terminological question might emerge 

and it casts doubts on, for instance, the legitimacy of re-characterizing logical empiricism 

as endorsing the logical analysis of science (LE1). Its doubt might be clarified as follows: 

in standard textbooks on philosophy of science and the history of philosophy, logical 

empiricism is almost universally characterized as a set of outdated doctrines (LE2), then 

what justifies the new characterization? This is no easy question and should be treated 

with great care. In the first place, we must acknowledge that the question whether LE1 or 

LE2 is the “real” characterization of logical empiricism is not an empirical question. If one 

insists on using the widely received LE2, we cannot force him/her to accept LE1. He/she 

is entirely free to use LE2 to participate a debate on related traditional philosophical 

questions. 

Even more radically, although LE1 might be closer to the view of logical empiricists (or 

more accurately, philosophers claiming the title of “logical empiricists” in the early 

twentieth century) of their philosophy, there is still room for dismissing even their view 

as inadequate: philosophers claiming themselves to be logical empiricists simply did not 

know what logical empiricism is. This dismissal seems terribly odd, but it is actually less 

so for the following consideration: it is so common in the history of religious conflicts 

that Catholics accused Protestants of being heretics; Søren Kierkegaard’s advanced his 

“true” Christianity against fashionable Church Dogmas; Karl Marx denounced some self-

claimed French Marxists, “what is certain is that I myself am not a Marxist” (not to say 

numerous later “Marxist” doctrines opposing Marx’s own ideas in various ways).30 So LE2 

might just maintain that self-claimed logical empiricists do not understand logical 

empiricism, just like that self-claimed Christians do not understand Christianity, and 

Marx could not agree with subsequent Marxist doctrines. However, as a matter of fact, 

the same consideration can apply equally to LE2, which is therefore also unable to 

monopolize the meaning of the phrase “logical empiricism”. In consequence, no rational 

consensus is possible on whether LE1 or LE2 is the “real” characterization of logical 

empiricism. 

 

                                                      
30 This remark from Marx is quoted by Engels in a letter to Eduard Bernstein. I first learned this from a Chinese 

source, and the original German letter appears to have no English translation today. For more, see the editorial 

introduction to The Programme of the Parti Ouvrier, 

https://www.marxists.org/archive/marx/works/1880/05/parti-ouvrier.htm.  

https://www.marxists.org/archive/marx/works/1880/05/parti-ouvrier.htm
https://www.marxists.org/archive/marx/works/1880/05/parti-ouvrier.htm
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Our point, then, is that it is completely futile to search for a such a “real” 

characterization, which simply does not exist. This misleading way of raising questions 

indicates the strong influence of metaphysical naturalism. To request a “real” 

characterization is to operate with things in themselves, and it treats logical empiricism as 

a thing in itself in intellectual history and pretends that a “real” characterization is 

available out there. I must add here that in a similar fashion metaphysical naturalism has 

raised so many pseudo-questions in mainstream analytical philosophy today and has 

created what Alfred Whitehead called “the climate of opinions”. It has also opened the 

door for authority to suppress reason, when some alternative meanings are quickly 

dismissed because they do not conform to the dominate opinion.   

Therefore, even regarding these terminological issues transcendental philosophy 

should be called to overcome metaphysical naturalism. Take logical empiricism as an 

example. In transcendental philosophy we must first constitute the meanings of the 

phrase “logical empiricism”, given its various uses; or, we follow logical empiricists to 

analyze the meanings of the phrase “logical empiricism”. As shown above, there are at 

least two different meanings: LE1 and LE2. Only with these two meanings in hand, we are 

able to formulate empirically meaningful statements for intellectual history: (1) LE2 has 

long been the most widely received characterization of logical empiricism among 

mainstream analytical philosophers; (2) but logical empiricists in the early twentieth 

century would go for LE1 rather than LE2; (3) unfortunately, most analytical philosophers 

do not know LE1. These statements are empirically real and have nothing to do with a 

thing in itself called logical empiricism. To characterize logical empiricism in intellectual 

history, even though LE2 is still useful and by no means should we follow everything 

logical empiricists said about themselves, there are too obvious reasons to take LE1 more 

seriously. First, we generally accept the following criterion of how to correctly 

characterize the views of a thinker: the characterization of these views should not be 

disavowed by the thinker himself/herself.31 Given this criterion, LE1 should be judged 

empirically correct, and LE2 is plainly false and will definitely cause embarrassment. 

Second, as I have suggested above, the acceptance of LE1 helps make sense of LE2. Finally, 

and more importantly, LE1 endorses logical empiricism as the logical analysis of science, 

which is essential to the present thesis.32 

 

                                                      
31 Think of Marxist scholarship after the Second World War. A few western Marxists returned to Marx’s texts 

and found a different but perhaps more reliable Marxism, as a contrast to the official Marxism propagated by 

the communist bloc in the Cold War. Briefly speaking, in this case there are two different meanings of Marxism: 

Western and eastern. See Van der Linden (2007) and Tao (2007).  
32 Two additional points still need to be emphasized. First, some might ask if LE1 and LE2 indicate different 

meanings, why do we still use the phrase “logical empiricism” for both of them? The answer is that they are still 

related in the following manner: LE2 is now attributed to a group of philosophers claiming the title “logical 
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Similar clarifications are also desirable for terms like “metaphysics”, “transcendental”, 

“ontology”, “physicalism (or materialism)” and “vitalism” and many others (like 

“substance”). Later in this thesis we will deal with quite a few in philosophy of biology, 

but now we only comment on different meanings of the five terms above. Concerning the 

first three the clarification is relatively straightforward. There are two meanings usually 

attributed to “metaphysics”, “transcendental”, and “ontology”. The first meaning can be 

found in the metaphysical naturalism, and by invoking the three terms philosophers 

often presuppose a metaphysical reality out there and claims to study its fundamental or 

ultimate or grounding structures and constituents; in contrast, the second meaning 

comes from transcendental philosophy and the three terms are invoked to indicate 

common concepts and principles given in everyday experience and empirical sciences. In 

this thesis, unless stated otherwise, the first meaning is attributed to “metaphysics” and 

“ontology”, the second to “transcendental”. Of course, other philosophers might differ in 

their choices of these terms, but the two basic meanings are clear.33 However, confusions 

soon arise, when, first, philosophers employ concepts used in everyday experience and 

empirical sciences to represent the structure of a metaphysical reality. In that case , we 

might say that the empirical reality is hypostatized into a metaphysical reality.  

 

                                                      
empiricists”, whose view is actually closer to LE1. Second, there is a cautious but inadequate concern, often 

expressed by intellectual historians. After careful studies of historical materials, intellectual historians might 

object to branding a group of philosophers as (for example) logical empiricists and even declare that logical 

empiricism did not “exist”, because self-claimed logical empiricists indeed held rather divergent opinions on 

different issues. But as a matter of fact, this objection also presupposes metaphysical naturalism (the historical 

reality of logical empiricism is denied, because one cannot find a coherent summary for all opinions expressed 

by logical empiricists) and is therefore untenable (compare the species question). In my view, if one wants to 

study the history of logical empiricism, LE1 should be regarded as a definition or an ideal type in transcendental 

logic (even LE2 could be, in accordance with different purposes). This definition is not open to direct empirical 

refutation. Instead, it sets up standards from which deviations take place and should be explained by 

introducing further causal factors. For instance, Nagel was the closest to this ideal type, because he was almost 

entirely free from metaphysical illusions like physicalism. Some others, like Feigl (1981/1950) and Neurath 

(1931), paid quite extraordinary attention to the so-called physicalism, even though they understood well that 

physicalism was at best a working maxim; for this my crude explanation is that traditional materialism and 

political concerns dominated their minds. Meanwhile, Ayer (1936)’s deviation from the ideal type might be 

explained by his British empiricist background.  
33 Hook (1953) articulated this distinction. By the way, Nagel, in his 1929 article “Can logic de divorced from 

ontology?” (1929b), argued against Dewey and suggested a negative answer to the question. Yet in his 1944 

“Logic without ontology” (1944c), Nagel seemed to argue for a positive answer (also see Nagel 1949a). This makes 

Pincock (2017) think that Nagel changed his mind later on. However, this is an unfortunate interpretative 

mistake. In his 1929 article Nagel was using Dewey’s terminology, and by “ontology” he (following Dewey) meant 

“objects of knowledge”, which are “conclusions of an inferential process [logic]” (706). But in his 1944 article by 

“ontology” Nagel meant “speculative vagaries” (212) attributed to logical principles (in order to “ground” 

them), and by “logic without ontology” he only espoused a belief that “logical principles should not be ‘reduced 

to anything else’” (1949a: 34).  
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The second confusion concerns the so-called ontology-epistemology distinction. As we 

have seen, contemporary naturalists often take this distinction for granted, and by this 

they further endorse physics as having the unique access to “ultimate” existents which 

“ground” all other existents, while non-physical sciences at best amount to knowledge 

about those other, non-ultimate existents. Hence the ontology-epistemology distinction. 

However, this is a logical mistake, from the standpoint of transcendental philosophy. For 

its importance to the present thesis, let me illustrate it with care.  

Let me still use the table example. To start, we accept that it is trivially true that in 

modern physics a table has atoms as its material constituents. However, the epistemic 

status of this statement remains unarticulated. In transcendental philosophy, this is only 

a piece of empirical rather than metaphysical knowledge; the essential meaning of the 

concept of the table (universal), constituted in everyday experience, is irrelevant to that 

of the atom (universal), constituted in modern physics. Therefore, when a metaphysical 

naturalist claims that the existence of a table is ontologically dependent on the existence 

of atoms, he/she merely hypostasizes an empirical statement into a statement about a 

metaphysical reality. In sharp contrast, in transcendental philosophy the table and the 

atom have the same status. Their meanings are both well constituted in the 

transcendental ego. If terms such as “ontology”, “epistemology” are to be used in 

transcendental philosophy, we might simply acknowledge that (1) tables and atoms as 

individuals are ontologically equal (Nagel 1979a/1961: 151), and that (2) the concept of 

the table and the concept of the atom, both as universals, are epistemologically on par 

with each other. Finally, we stress that the dogmatic distinction between ontology and 

epistemology (or logic, or methodology, or semantics, see Nagel 1929 and Carnap 1950), 

as a result of metaphysical naturalism, only revives the notorious objective-subjective 

dichotomy, which is the root of many pseudo-questions in traditional philosophy and 

mainstream analytical philosophy today (e.g., realism and anti-realism).34 To eliminate 

these pseudo-questions, Weber claimed on the contrary that for empirical sciences “the 

more rational…the more the opposition between the ‘subjective’ and the ‘objective’ is 

reduced” (2012b/1920: 410). In contrast to metaphysical naturalists, we logical analysts, 

following Weber, dispense with this distinction and execute a logical analysis of scientific 

knowledge, which concerns ontological and epistemological issues at the same time. As 

Friedman summarized:  

Concepts…are not immediately presented mental representations at all, but rather 

objective logical structures which, by themselves, are completely sufficient for 

determining the contents of all associated thoughts. And the main problem this 

 

                                                      
34 According to Husserl (2001b/1913), this simply also commits the classical fallacy of psychologism, in which 

knowledge receives a psychological treatment and the distinction between the psychological subject and the 

transcendental ego is entirely ignored. 
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view was trying to solve is not that of building a representational bridge between 

subjective mind and external (physical) world, but rather that of explaining how 

objective (that is, intersubjective) thought is possible in the first place—regardless 

of its relation (if any) to the external (physical) world. (Friedman 2010a: 537) 

Two additional terms, “physicalism” and “vitalism” also require brief comments. It is 

a fact that philosophers today use the term “physicalism” in numerous different 

meanings: supervenience physicalism, token physicalism, type physicalism, reductive 

physicalism, non-reductive physicalism, a priori physicalism, a posteriori physicalism, 

and physicalism as an attitude (Stoljar 2010, 2015). But for the present thesis, there is no 

need to go into all these meanings. Except for the physicalism understood as an attitude 

(closer to the physicalism of logical empiricists), all others are intended to be 

metaphysical or ontological theses to tell us about “the nature of the world” (3). Here 

clearly no distinction is made between empirical reality and metaphysical reality. And 

even worse, in philosophy of biology physicalism is simply treated as a metaphysical 

thesis to dismiss vitalism. To repeat, according to Brigandt and Love (2017), “the denial 

of physicalism by vitalism” (3) is simply a default stance among biologists and 

philosophers. Given this metaphysical dismissal of vitalism, Wolfe and other scholars 

have tried to uncover different meanings attributed to the term “vitalism” in the history 

of science: substantival, functional and attitudinal (see above in section 1). In drawing this 

distinction, Wolfe, not unlike Chang in his phlogiston study, also intended to justify 

vitalism. However, as implied above, regarding the present status of the study of vitalism, 

we consider it to be incomplete from the historical point of view, and insufficiently 

analytic from the logical point of view. More doctrines of vitalism will be clarified and 

compared later in this thesis.   

Finally, we stress that such clarifications of meanings are essential to proper 

reasoning. The neglect of the distinction between different meanings often leads to fatal 

consequences. First, some philosophers still use philosophy to legislate terms in their own 

favor, and in legislation they constantly shift between different meanings. In particular, 

they start with a problematic strong meaning of a term and uses it to make mysterious 

and unfounded statements. But upon criticisms they tacitly return to an almost truistic 

weak meaning for a defense. Second, even though some philosophers unconsciously 

attach different meanings to the same term, due to their commitment to metaphysical 

naturalism, they hypostatize one particular meaning as if it were representing a group of 

metaphysical entities (things in themselves) in nature and use it as the “truth” to dismiss 

other meanings.35 The worst possible scenario is that when the critics try to point out that 

 

                                                      
35 Here arise in mainstream analytical philosophy many non-debates, the root of which is “the illusion about 

things in themselves”: first, empirical entities are misunderstood as metaphysical entities or things in 
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these philosophers shift between different meanings, the critics will be dismissed 

outright as ignorant of the “true” meaning of the term. In consequence, it turns out to be 

difficult to even start a rational conversation. As we will see in chapters 3-8, 

unfortunately, such legislations and dismissals are widely prevalent in mainstream 

analytical philosophy today. 

Some final words. There is a current, and influential criticism of the method of logical 

analysis made by some philosophers of science: what contribution does logical analysis 

make to scientific progress (Glymour 2011)? These philosophers are suspicious of the 

merits of meaning clarification, and they complain that such critiques of concepts are of 

little use to scientific progress. But this complaint is odd. If one hopes to contribute to 

scientific progress, either at the theoretical or the factual level, one should choose to be 

a scientist. If he/she were a scientist, his/her work would be assessed under strict criteria 

in science itself, that is, theoretical ardor and empirical validity. Why bother to criticize 

logical analysis?  

Then these philosophers of science might suggest that philosophy should attend to the 

theoretical parts or even theoretical foundations of science. I respect their confidence 

and courage in making this suggestion. However, I doubt whether scientists can agree 

with it. In my impression, most scientists do not dare to identify themselves as theorists 

in their sciences or even architects of theoretical foundations, simply because that is a 

highly honorable privilege left for very few distinguished scientists (Newton, Maxwell, 

Mach and Einstein in physics, Buffon, Claude Bernard and Crick in biology, Adam Smith, 

Marx and Weber in social sciences, etc.). Are these philosophers, who often have no 

experience in empirical and experimental research, also qualified to enjoy this privilege? 

I do not know, but I believe that most scientists will maintain a negative attitude. 

On the contrary, logical analysts could take a more realistic and nobler stance of 

quietism, supported by a good sense of inner distance. The main task of logical analysis is 

to provide a critique of scientific knowledge and strive for a better understanding of it. 

There is no intention of telling what scientists should do, nor is there much concern about 

future scientific progress. Like that in this thesis, a historico-logical study of vitalism only 

relies on available scientific knowledge. Maybe this study can clear some conceptual 

confusions in biology and thereby helps indirectly, but its direct contribution to 

 

                                                      
themselves; second, due to a metaphysical version of the so-called correspondence doctrine of truth, 

philosophers mistake concepts as corresponding to natural kinds grouping those metaphysical entities; third, 

philosophers give different accounts of these concepts and disagree with each other, with the illusion that they 

are approaching things in themselves; fourth, these different accounts turn out to be compatible with each 

other as far as scientific knowledge (that they can capture) is concerned, then it seems that philosophers have 

no genuine disagreement and their debates amount to non-debates. Fifth, but philosophers do not think so, 

because they mistake their different accounts as competing for the “real” depiction of certain (natural) kind of 

certain metaphysical entities (of course, some other philosophers end up with an almost trivial pluralist 

position). In all, many non-debates have been generated by the illusion of “things in themselves”.  
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biological progress, through giving new theories and new phenomena, will be negligible 

if not entirely nonexistent. Indeed, regarding future scientific progress, to me 

Wittgenstein’s teaching is still valuable, “what we cannot speak about we must pass over 

in silence” (1999/1922: 7). 

The outline of the thesis 

In this thesis, to summarize, I plan to answer three inter-related questions about vitalism: 

the historical question, the logical question and the question of the nature of life. The 

historical question concerns alternative doctrines of vitalism in the history of science. 

The logical question deals with logical issues in biology and philosophy related to 

vitalism. A tentative answer to the question of the nature of life concludes the thesis. In 

addition to a few case studies on the history of vitalism, in the main we use the method 

of the logical analysis of scientific knowledge. Here logic is both formal and 

transcendental; and concerning scientific knowledge, we consider the current stage of 

science as well as its history. In sum, following logical empiricists, pragmatists, neo-

Kantians, and phenomenologists, our task is to give a critique of available scientific knowledge 

related to vitalism.  

The historical Part I deals with alternative doctrines of vitalism in the history of 

science. Since the theme of vitalism and organism has been extensively studied, we 

concentrate on two often neglected themes, vitalism and evolution (chapter 1) and 

vitalism and physics (chapter 2). Part I, I believe, has covered all basic kinds of vitalism in 

biology and physics. We show that in chapter 1 that both before and after Darwin, quite 

a few biologists and philosophers, in different degrees of clarity, endorsed a doctrine I 

term vital evolutionism. In essence, vital evolutionism claims that biological evolution 

proceeds in accordance with an a priori determined plan partly governed by a vital 

principle or a principle of life. I offer three case studies, focusing successively on Kant, 

Schelling and an English biologist Joseph Henry Green. Chapter 2 concentrates on 

speculations on life or justifications of vitalism from the physical point of view. We show 

that starting at the late eighteenth century some physicists, biologists and philosophers 

made use of innovative concepts and theories in physics (energy, field, quantum 

mechanics, etc.) to justify their speculative answers to the question of the nature of life.  

While Part I only aims at a faithful presentation of alternative doctrines of vitalism and 

no systematic judgment on their validity is intended, Part II tends to judge these 

doctrines, among others in current philosophy of biology, from the logical point of view. 

To start, we argue against the metaphysical refutation of vitalism in favor of the logical 

refutation (chapter 3). Here a case will also be made for a transition from metaphysical 

naturalism to transcendental philosophy. Then it will be suggested that all doctrines of 

vitalism find their shared concern with the question of the nature of life. Indeed, as we 
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will propose, it is not inadequate to claim that vitalistic terms in the history of science are 

synonymous to the term “life”. 

Next, from chapters 4-8 we treat successively themes in current philosophy of biology, 

anti-reduction (chapter 4), organicism (chapter 5), evolution (chapter 6), biological 

theory (chapter 7) and teleology (chapter 8). It is detected that some doctrines relevant 

to these themes are dualistic in character, since they are often associated with weak and 

strong versions. While weak versions are often truistic as they are anchored in 

unquestionable facts and laws in biology, strong, potentially non-trivial versions often 

claim to justify the uniqueness of life and become therefore inseparable from vitalistic 

concerns. In chapters 4 and 5 I argue that anti-reductionism and organicism in biology, if 

they want to achieve non-trivial statuses, will become indistinguishable from vitalism. In 

chapter 6, I first contend that Darwinism and the so-called modern evolutionary synthesis 

can at best result in a trivial synthesis framework for evolutionary biology, often by 

arbitrary definitions; then I suggest that the doctrine of vital evolutionism (from chapter 

1) is a possible (but not actual!) candidate as a genuine, non-trivial evolutionary synthesis 

framework. In chapter 7, I suggest that biological theories, if claimed to address the 

nature of life, will end up with some versions of vitalism. Chapter 8 concerns teleology in 

biology. I show that, if intended to capture the uniqueness of life, teleology biology must 

be associated with some vitalistic concerns.   

In the Conclusion, we articulate our answer to the question of the nature of life. To 

emphasize again, importantly, we logical analysts do not propose a new answer (with 

hypothesis and evidence) to this question as scientists do; instead we only seek to make 

the answer implicitly contained in available scientific knowledge explicit. It is suggested that in 

current scientific knowledge the concept of life stands very isolated from almost all other 

concepts in biology and physics. To address this peculiar logical status of the concept of 

life, we employ Kant’s analytic tool as articulated by Friedman, the regulative-

constitutive distinction. This answer, I hope, also helps make sense of the intriguing 

history of (chronic) vitalism and related logical issues in biology.  
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Chapter 1  

Vitalism and evolution 

1.1 Introduction: Driesch on vitalism and evolution 

Even though numerous doctrines were labelled “vitalism” in the history of biology and 

the history of science in general, at present the term “vitalism” is mostly associated with 

Driesch’s doctrine of the entelechy. For Driesch, since some organismic (both 

physiological and developmental) phenomena cannot be explained through purely 

physico-chemical theories and laws, the concept of the entelechy must be invoked to 

help. Later in chapter 3 I shall give a critique of Driesch’s reasoning and vitalism in 

general, now I want to discuss a different and long-ignored aspect of vitalism, that is, its 

relation to evolution. For the sake of convenience, it seems desirable to start with 

Driesch’s doctrine of the entelechy.  

Unfortunately, it is little remembered today that Driesch, in his doctrine of the 

entelechy, also dealt with evolutionary phenomena (1908a: 243-322; 1914: 167-9). In 

Driesch’s words, vitalism must concern “the relation of transformism in general to our 

concept of entelechy” (Driesch 1908a: 293). In his case, Driesch introduced a new concept 

for the relation between vitalism and evolution, that is, “systematics of entelechies” (293). 

It is not difficult to understand Driesch’s concern. Living more than half a century after 

Darwin popularized the thesis of descent, Driesch took facts of evolution for granted. 

Moreover, since Driesch held the doctrine of the entelechy, naturally he would have to 

face the following question, “we know that entelechy...uses material means in each 

individual morphogenesis...what then undergoes change in phylogeny, the means or the 

entelechy?” (295). In a concrete case of evolution, according to Driesch, either the same 

entelechy uses a different means to “construct” a new organism, or a different entelechy 

emerges in evolution to “give rise to” the new organism.   

On this question Driesch opted for the latter, in favor of “entelechy itself”, rather than 

“its means”. Let me quote him in full: 
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We know that entelechy, though not material in itself, uses material means in each 

individual morphogenesis, handed down by the material continuity in heritance. 

When then undergoes change in phylogeny, the means or the entelechy? And what 

would be the logical aspect of systematics in either case? 

Of course there would be a law in systematic in any case; and therefore systematics 

in any case would be rational in principle. But if the transformistic factor were 

connected with the means of morphogenesis, one could hardly say that specific 

form as such was a primary essence. Entelechy would be that essence, but entelechy 

its generality and always remaining the same in its most intimate character, as the 

specific diversities would only be due to a something, which is not form, but simply 

means to form. But the harmony revealed to us in every typical morphogenesis, be 

it normal or be it regulatory, seems to forbid us to connect transformism with the 

means of morphogenesis. And therefore we shall close this discussion about the 

most problematic phenomena of biology with the declaration, that we regard it as 

more congruent to the general aspect of life to correlate the unknown principle 

concerned in descent with entelechy itself, and not with its means. Systematics of 

organisms therefore would be in fact systematics of entelechies, and therefore 

organic forms would be formae essentiales, entelechy being the very essence of form 

in its specificity. (295) 

For Driesch, in evolutionary history it is less probably the case that a single entelechy 

“gives rise to” the whole variety of organisms through different means; rather, it is more 

probable that in each concrete case of evolution, a new entelechy emerges to “construct” 

a new organism.1 However, as Driesch alluded, given these facts of evolution, he had a 

different concern within systematics. In particular, he asked for “a law in systematics” 

which would make a truly rational science. Then what did Driesch mean here? For this let 

us look at his discussion of vitalism and evolution in detail. 

There is little doubt that Driesch accepted Darwin’s “theory of descent” (250) or “the 

idea of transformism” (251), namely, “the hypothetical statement that the organisms are 

really allied by blood among each other, in spite of their diversities” (251). Like us today 

he agreed with Darwin that “there certainly is a great amount of probability” in “the idea 

of transformism” (251). In particular, he classified “two different groups of facts” as 

supportive evidence, “the geographical distribution of animals and plants and to 

paleontology” (251) and “similarities and diversities” observed “in the system of animals 

and plants” (253).  

 

                                                      
1  Importantly, these two options make no empirical difference. Indeed, a few years later Driesch frankly 

acknowledged the other possibility that there might be a “superentelechy which possesses a fixed essence and 

does nothing but copy its essence once more into matter, and realize phylogeny in this way” (1927: 6). But 

Driesch strictly followed the rules of logic. Regarding these two possibilities, Driesch concluded that with 

“empirical phylogeny as it is…we possess no means whatever to decide” (7). 
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While Driesch approved of the thesis of descent, he could not consent to the claim that 

the descent thesis explains “the diversities of the organism” (255). On this point, Driesch 

raised strong criticisms of Darwinism and Lamarckism as they existed in his time. Driesch 

took Darwinism as held by his contemporaries to be “dogmatism in one of its purest 

forms” and very far removed from “the opinion of Charles Darwin” (260). So he 

maintained that he was “speaking against Darwinism of the most dogmatic form only, not 

against Darwin himself” (269). Dogmatic Darwinism, for Driesch, consisted of two 

theoretical parts, natural selection and “fluctuating variation” (264). According to 

Driesch, it was self-evident that natural selection “always acts negatively only, never 

positively” (262). So, Driesch continued, it might be correct to state that natural selection 

explained “why certain types of organic specifications, imaginable a priori, do not 

actually exist” (262), but it was misleading to assert that natural selection explained “the 

existence of the specifications of animal and vegetable forms that are actually found” 

(262). Then for explanations, Driesch suggested “fluctuating variation the alleged cause 

of organic diversity” (264), but he remained deeply unsatisfied. In response to 

contemporary Darwinians in the biometric tradition,2 Driesch agreed with them that the 

concept of fluctuating variation might be useful to explain “new quantitative differences” 

(266); yet he insisted that it was not legitimate to merely use fluctuating variation to 

explain “organic diversities” (269, for his reasoning, see below). 

Driesch also criticized the doctrine of Lamarckism or Neo-Lamarckism. Again, Driesch 

emphasized that he was not against the opinion of Lamarck himself; instead he only 

attacked Lamarckism “in its dogmatic modern form” (271). For Driesch, Neo-Lamarckism 

had two basic parts, the idea of the “inheritance of acquired characters” (275), and “the 

hypothesis of storing and handing down contingent variations” (282). On the first Driesch 

said little because he viewed it as basically an empirical question. He maintained that “not 

one case is known which really proves the inheritance of acquired characters”, yet it was 

not advisable to “deny the possibility...in an absolute and dogmatic manner” (278). 

Driesch focused on the second part, which was open to similar objections made against 

the Darwinian concept of fluctuating variation. For Driesch, “the whole anti-Darwinistic 

criticism...may also be applied to Lamarckism with only a few changes of words” (288). 

Driesch took issues with the Darwinian concept of “fluctuating variation” and the 

Lamarckian assumption of “storing and handing down contingent variations” for the 

same reason. According to Driesch, Darwinism and Lamarckism were problematic in that 

they “shake hands on the common ground of the contingency of organic forms” (288): 

Darwinism tended to explain the diversity of organic forms through fluctuating variation 

 

                                                      
2 When Driesch gave the Gifford lecture in 1907-8, Mendelian genetics was still emerging and Driesch did not 

take it into account. The dominant Darwinism at that moment belonged to the biometric tradition. For this see 

Gayon (2007/1998). 



 

68 

and natural selection, Lamarckism tried to do it through contingent needs of organisms 

in their living environment. Driesch declared that the appeal to contingency was 

unacceptable in science, and “other principles (were) wanted” (281). Here he requested 

“law(s) of systematics” (295), even though he knew well that they were only to be attained 

“at some future date” (295). 

According to Driesch, laws of systematics were concerned with “the totality of possible 

forms” (296). In principle, all possible organic forms and species could be placed together 

into a whole system, and they could accordingly be deduced from laws of systematics. 

Then, what would such laws of systematics be like? On this Driesch wrote, with an 

illuminating reference to physics and chemistry (and Kant!): 

In physics and chemistry no perfect rational systems have been established 

hitherto, but there are many systems approaching the ideal type in different 

departments of these sciences. The chemical type of the monohydric saturated 

alcohols, for instance, is given by the formula CnH2n+1OH, and in this formula we 

not only have an expression of the law of composition which all possible alcohols 

are to follow, but, since we know empirically the law of quantitative relation 

between n and various physical properties, we also possess in our formula a general 

statement with respect to the totality of the properties of any primary alcohol that 

may be discovered or prepared in the future. But chemistry has still higher aims 

with regard to its systematics : all of you know that the so-called “periodic law of 

the elements” was the first step towards a principle that may some day give account 

of the relation of all the physical and chemical properties of any so-called element 

with its most important constant, the atomic weight, and it seems to be reserved 

for the present time to form a real fundamental system of the “elements" on the 

basis of the periodic law by the aid of the theory of electrons. Such a fundamental 

system of the elements would teach us that there can only be so many elements and 

no more, and only of such a kind…we are dealing here with some of the most 

remarkable properties of the so-called synthetic judgments a priori in the sense of 

Kant…( 244) 

Driesch then compared phylogeny as the study of the evolutionary history and rational 

systematics. For Driesch, in contrast to the pursuance of rational laws, the study of the 

evolutionary history only attended to “actual diversities” (264) of organic forms, both 

existent and extinct, found in the history of nature. But importantly, according to 

Driesch, the study of the history did not contradict rational systematics. In his own words: 

Is there no contradiction between historical development and a true and rational 

system[?]...by no means. A totality of diversities is regarded from quite different 

points of view if taken as the material of a system, and if considered as realized in 

time. We have said that chemistry has come very near to proper rational 

systematics, at least in some of its special fields; but the compounds it deals with at 

the same time maybe said to have originated historically also, though not, of course, 
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by a process of propagation. It is evident at once that the geological conditions of 

very early times prohibited the existence of certain chemical compounds, both 

organic and inorganic, which are known at present. Non the less these compounds 

occupy their proper place in the system. And there may be many substances 

theoretically known to chemical systematics which have never yet been produced, 

on account of the impossibility of arranging for their proper conditions of 

appearance, and nevertheless they must be said to “exist”. “Existence”, as 

understood in systematics, is independent of special space and of special time, as is 

the existence of laws of nature: we may speak of a Platonic kind of existence here. 

Of course it does not contradict this sort of ideal existence if reality is added to it. 

(257-8)   

Driesch’s reference to the laws of systematics in chemistry (e.g., the periodic table of 

elements) is illuminating. For Driesch, similarly, in evolution laws of biological 

systematics, if they were available, would only determine “possible forms”, from which 

the evolutionary history would pick up “actual forms”. In other words, evolutionary 

history should proceed, partly,3 in accordance with a pre-determined system of possible 

species governed by laws of systematics.  

Recall that Driesch, to connect evolution to his vitalism, came up with the “systematics 

of entelechies” (293). Indeed, it is clear that the system of entelechies must be correlated 

with the system of all possible organic forms. To put it more explicitly, it is not incorrect 

to say that evolution is partly governed by the system of entelechies. Hence in Driesch’s 

doctrine of the entelechy the relation between vitalism and evolution becomes clear. He 

summarized this relation as follows: 

Thus the problem of systematics remains, no matter whether the thesis of descent 

be right or wrong. There always remains the question about the totality of 

diversities in life: whether it may be understood by a general principle, and of what 

kind that principle would be. As, in fact, it is most probably by history, by descent, 

that organic systematics is brought about, it of course most probably will happen 

some day that the analysis of the causal factors concerned in the history will serve 

to discover the principle of systematics also. (258) 

For Driesch, if Darwin’s doctrine or even Darwinism was understood merely as the thesis 

of descent, then it was the most plausible answer to the question of actuality: how “organic 

 

                                                      
3 Here I only intend to present as clearly as possible what Driesch said as a theorist. Indeed, from the logical 

point of view, the use of the term “partly” is essential. In brief, while it is correct for Darwinians to claim that 

the evolutionary history is contingent in the sense that laws of systematics only determine possible but not 

actual forms (or, laws of systematics only partly determine actual forms), it is incorrect to claim that the 

evolutionary history is also contingent with regard to other factors (such as physico-chemical environments, 

competition, etc.). Existent species on the earth are (to be seen as) determinate consequences of both laws of 

systematics and these factors.  
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systematics is brought about”. However, the question of possibility, that is, the question of 

“the totality of diversities”, remained untouched by Darwinism, and here laws of 

systematics must be requested. 

In my view, the relation between vitalism and evolution presented in Driesch’s 

doctrine of the entelechy is not the product of some boundless speculations given by a 

discredited biologist. Rather, Driesch’s request of laws of systematics represents the 

central concern of theorists of evolution in more than two hundred years, both before 

and after Darwin. As I will show below, in the history of evolutionary thought, different 

from Darwinism there has been an alternative doctrine of evolution I term vital 

evolutionism, which combines vitalism and evolution. According to vital evolutionism, 

evolution proceeds partly in accordance with a pre-determined system of species governed by vital 

laws. In this thesis, the present chapter 1, chapter 3 and chapter 6 discuss the doctrine of 

vital evolutionism. Chapter 3 very briefly touches on the epistemic status of vital 

evolutionism, chapter 6 compares vital evolutionism and Darwinism, and contends that 

vital evolutionism, if vital laws were available, would offer a genuine synthesis framework 

for biological evolution. Now in the present chapter, I contribute a historical study of 

several representative figures in the tradition of vital evolutionism, including the great 

philosophers Kant, Schelling and the physiologist Joseph Henry Green. Meanwhile, the 

anti-thesis of vital evolutionism, represented by Henri Bergson’ creative evolutionism 

and British emergent evolutionism, will also be briefly mentioned.  

1.2 A review of literature on the history of vital evolutionism 

The study of vital evolutionism cannot go without a review of relevant historical 

scholarship. Historians of evolutionary thought have long noticed alternative doctrines 

of evolution, in addition to the one held by Darwinians. These alternatives include several 

variants of vital evolutionism. Regarding these doctrines, their “evolutionary” nature has 

long been recognized, but their relevance to vitalism, unfortunately, has not received 

sufficient attention. In this section I discuss historical scholarship pertinent to vital 

evolutionism, with the aim of highlighting the vitalist nature of these evolutionary 

doctrines. 

Today if a biology student opens a textbook in evolutionary biology, there will be little 

doubt that the textbook will offer a Darwin-centered story (e.g., Futuyma and Kirkpatrick 

2017). After all, Darwin’s doctrine of evolution is widely received as one of the greatest 

achievements in the history of science, presumably, even according to Darwin himself, 

comparable to Newton’s three laws of motion. In the Darwin-centered story, the master 

explained the origin of the species through a set of ingenious concepts, such as 
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inheritable variation, natural selection and adaptation. Moreover, Darwin was also 

credited for the thesis of descent: out of a common ancestor the variety of the species 

came into existence through transformation from one to another.4 

At the same time, to be fair, the Darwin-centered story also recognizes that Darwin was 

neither the first to come up with the idea of evolution, nor the one who settled every 

problem about evolution. On the one hand, a list of pre-Darwinian naturalists and 

philosophers already considered the possibility of evolution, and one of the most famous 

is the French naturalist Jean-Baptiste Lamarck. But according to the Darwin-centered 

story, Lamarck, compared to Darwin, took life to be a driving force and believed in the 

inheritance of acquired characters, so his doctrine was hopelessly inferior. On the other 

hand, some portions of Darwin’s doctrine were also outdated, given the standpoint of 

modern biology. For instance, Darwin’s genetical doctrine of pangenesis was mistaken, 

only to be corrected by incorporating Mendelian genetics into the neo-Darwinian 

explanatory scheme created in the modern evolutionary synthesis. 

This is the story that one should anticipate when consulting the majority of 

evolutionary biologists. This story is supported by earlier historical scholarship on 

evolution after the modern evolutionary synthesis (or “the synthesis historiography”, 

termed by Ron Amundson 2005: 11; Stoltzfus 2017). Such historical scholarship, often 

from evolutionary biologists with strong historical interests, divides its narrative into 

three periods, “before Darwin”, “Darwin” and “after Darwin”. Then the doctrines within 

our concern, that is, doctrines of vital evolutionism, start to appear both before and after 

Darwin. Yet in defense of Darwin’s ingenuity, earlier scholarship dismisses doctrines of 

vital evolutionism as inferior to Darwinism. Some authors even highlight Darwin’s 

doctrine of evolution as a major breakthrough in overcoming various defective aspects of 

vital evolutionism. For instance, the evolutionary biologist Michael T. Ghiselin’s 1969 The 

Triumph of the Darwinian Method (2003/1969), after giving a list of superior points possessed 

 

                                                      
4 Today the term “Darwinism”, when it is presented to the public, in the very least, is associated with the thesis 

of descent and the explanatory scheme of inheritable variation and natural selection (e.g., Fracchia and 

Lewontin 1999: 61). A standard philosophical account can be found in Sober (2011), in his distinction between 

the thesis of common ancestry and the principle of natural selection. Concerning other issues, however, 

contemporary Darwinians disagree with each other on how to define Darwinism. For instance, Ernst Mayr in a 

series of articles stressed that Darwinism endorses the “theory of gradualism” (1988: 203). But John Maynard 

Smith, by referring to Stephen Jay Gould (1980), suggested instead that he “cannot see why occasional 

macromutations should not have been incorporated by selection. The question is ultimately an empirical one” 

(Maynard-Smith ed. 1982: 125). From the logical point of view, I agree with Maynard-Smith and I also think that 

the meaning of the term “gradual” must be better elucidated in advance. Nevertheless, since Mayr insisted that 

gradualism is one of the five essential components of Darwinism (Mayr 1988: 211), the disagreement between 

Mayr and Maynard-Smith appears fundamental. Overall, it seems that by “Darwinism” most authors indicate 

the thesis of descent and the variation-selection explanatory scheme. The incorporation of other elements 

appears controversial (like reductionism, but for its opposite “holistic Darwinism” in Corning 2005). For more 

issues concerning the definition of Darwinism, see chapter 6. 
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by Darwinism, placed doctrines of vital evolutionism in French and German 

Naturphilosophie on the side of essentialist metaphysics. According to Ghiselin, even 

though “Naturphilosophie embraced evolution since the early nineteenth century...their 

metaphysics precluded natural selection, which would do away with any need for 

Platonic Ideas, or archetype” (81). This is because the evolutionary doctrine of 

Naturphilosophie, as a form of Platonism, maintains that “evolution must result from the 

progressive development of organic beings under the influence of the ideal form ... [and] 

it must be a kind of unfolding of that which has always existed in the timeless world of 

ultimate reality” (81). For Ghiselin such a doctrine of evolution, compared with 

Darwinism, simply does not appeal to “a strictly natural process” (81). 

Another evolutionary biologist who wrote extensively on Darwinism is Ernst Mayr. In 

his influential 1982 The Growth of Biological Thought, Mayr treated pre-Darwinian doctrines 

of vital evolutionism in a less negative way. Mayr discussed Robert Chambers’ 1844 

anonymous work Vestiges of the Natural History of Creation in detail (also see Hodge 1972). 

According to Mayr, Chambers advanced “the Principle of progressive Development” 

(Mayr 1982: 383), which gives rise to the whole system of species as if there were a pre-

determined plan. Mayr then (falsely) treated Chambers as “the only pre-Darwinian 

nineteenth-century British evolutionist” (384), and he went on to discussing the German 

case. After mentioning great names such as Kant (1982: 338-9), Mayr rightly observed that 

in Germany “such a belief [in evolution] was apparently widespread” (388). However, he 

was reluctant to give any credit to those German naturalists, because theoretically 

speaking, “these authors belong more to the genre of Chambers than to that of Darwin” 

(389). 

In addition to Ghiselin and Mayr, Stephen Jay Gould is also a prominent biologist with 

an intense interest in the history of evolutionary thought. Gould wrote the eminent 

Ontogeny and Phylogeny in 1977, and later in 2002 he published his monumental the 

Structure of Evolutionary Theory. Compared to Ghiselin and Mayr, Gould examined 

doctrines of vital evolutionism with much greater care. Motivated by his own empirical 

research (e.g., Lewontin and Gould 1979), Gould noticed that in the history of 

evolutionary thought, both before and after Darwin, there existed some “formalist(s), 

structuralist(s) and internalist(s)” (2002: 1181) who endorsed “laws of form [Unity of 

type]” (251) in evolution. Gould briefly discussed the great German author Johann 

Wolfgang von Goethe, the French Étienne Geoffroy Saint-Hilaire, the British Richard 

Owen, and a few other scholars in the tradition of orthogenesis (variation and evolution 

in accordance a pre-determined plan) and saltation (discontinuities in variation and 

evolution). While Gould embraced some “acceptable forms of structuralism” (1180), he 

still warned over the structuralist danger of overlooking the historicity of organic 

functions. According to Gould, Darwin was superior to pre-Darwinian evolutionists, 
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because he took both structure (unity of type) and function (conditions of existence) into 

account.5  

The history of evolutionary thought is of course an important topic for professional 

historians of science, one of whom is the diligent Peter J. Bowler. Bowler produced the 

standard Evolution: The History of an Idea (1984), and several other monographs including 

the Eclipse of Darwinism (1992a/1983) and the Non-Darwinian Revolution (1992b/1988). In Pre-

Darwinian doctrines of evolution Bowler paid attention to the British Chambers and 

Owen, and briefly discussed German evolutionists. He placed German evolutionists into 

the “romanticist and idealist” camp. According to Bowler, “the most important influence 

of idealist philosophy on biology was through its developmental picture of a world 

advancing toward a predetermined goal” (1984: 101), and “the idea became increasingly 

popular among German naturalists during the early nineteenth century” (101). For 

Bowler, “the contrast between Darwin’s theory of gradual, irregular evolution and that of 

a progressive, step-by-step ascent towards a predetermined goal” is a central issue in the 

history of evolutionary thought. In Eclipse Bowler interpreted the doctrine of 

orthogenesis to be the post-Darwinian successor of idealist philosophy (1992a/1983: 141-

81). And in his Non-Darwinian Revolution Bowler went much further and argued that, 

between Darwin and the emergence of the modern evolutionary thesis the dominant 

doctrine of evolution was explicitly non-Darwinian; instead it was the idealist 

“developmental model of evolution” (1992b/1988: 5), which stressed “the orderly, goal-

directed, and usually progressive character of evolution” (5).  

In sum, earlier scholarship on the history of evolutionary thought is Darwin-centered, 

but both evolutionary biologists and historians of science have drawn our attention to 

alternative, non-Darwinian doctrines of evolution. These doctrines envisaged evolution 

as a goal-directed process to realize a pre-determined plan. They were embraced mostly 

by German and British naturalists and philosophers, and according to Bowler they were 

even more popular than Darwinism in the late nineteenth century. Indeed, these 

doctrines are just what I term doctrines of vital evolutionism. 

In more recent scholarship on the history of evolutionary thought, Non-Darwinian 

doctrines of evolution, both before and after Darwin, have received more careful 

treatments.6 Thanks to these efforts, the image of vital evolutionism has now become 

clearer. Another feature of recent works is that few authors have tended to write a whole 

 

                                                      
5  Similar Darwin-centered treatments of the history of evolutionary thought can be found in many other 

articles, chapters and monographs. Just name a few from recent scholarship, Hodge and Radick (2003), Ruse 

(2004), Lewens (2007), Godfrey-Smith (2009) and Lennox (2015). 
6 The Lamarck expert Pietro Corsi urged that “before Darwin, transformist concepts [existed] in European 

natural history…much work still needs to be done on pre-Darwinian evolutionary theories” (2005: 67). I agree 

with Corsi. But following Bowler (2009) I also plead that it should be expanded to cover the whole history of 

evolutionary thought, both before and after Darwin. 
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history of evolutionary thought, and they have preferred to concentrate on individual 

naturalists and philosophers anchored in their own intellectual and cultural contexts. To 

my knowledge, historical scholarship regarding the pre-Darwinian period is magnificent, 

while studies devoted to the post-Darwinian period are less impressive. Let me now 

briefly examine more recent scholarship on vital evolutionism.  

Let us start with the French scenario, in which the Darwin-centered story only 

indicates names like Lamarck, Georges Cuvier and at best a less familiar M. Geoffroy Saint-

Hilaire. We were told that Cuvier’s anti-evolutionism dominated French biology, and 

Lamarck was isolated and his doctrine of evolution almost dead. Concerning French 

evolutionism in the pre-Darwinian period, however, the first revision to be made is that 

Lamarck was very far from isolated, and his idea was open to a variety of audiences and 

was also widely discussed among French, British and German naturalists (Shaner 1927; 

Gillispie 1968, 2006; Hodge 1971; Burkhardt 1977, 2013; Sloan 1997a, b, 2019b; Por 2006; 

Corsi 1988, 2011, 2012; Galera 2017; Loison and Herring 2017). There follows the second 

revision that not only Geoffroy, but many other French naturalists accepted the idea of 

evolution, even though they might disagree with Lamarck on the mechanisms of 

evolution (Farley 1974; Burkhardt 1977; Henry 1999; Corsi 1988, 2011). Since French 

naturalists were quite familiar with the idea of evolution after Darwin published the Origin 

in 1859, his doctrine was treated as merely reviving the discredited ideas of Lamarck and 

Geoffroy. So, in the post Darwinian period, “a conspiracy of silence” (Bonney and Argyll 

1887) was launched, and “there was discussion of transformism, and there were many 

transformists in France from 1859 to 1882, but little Darwinism and fewer Darwinists” 

(Stebbins 1974: 117). 

In particular, both Lamarck’s and Geoffroy’s doctrines are relevant to vital 

evolutionism. In Lamarck’s case, it is now agreed among more careful interpreters that 

Lamarck’s notion of life power must be given a physico-chemical reading. So, for Lamarck, 

evolution took place, by not only responding to environmental changes, but also 

following “the plan of nature” (Burkhardt 1977: 146). The power of life, through physico-

chemical means, would give rise to more and more complex living organizations (151). In 

Geoffroy’s case, although a strong critic of Lamarck, he also came up with the concept of 

the unity of plan for the whole system of all existent species (Appel 1987: 4). 

Historical knowledge about British evolutionists has been exploding in recent years as 

well (Hodge 1972). Regarding pre-Darwinian Britain, the idea of evolution was much more 

widespread than Darwinians assume. Philip F. Rehbock (1983), Secord (1991) and Bill 

Jenkins (2015) have shown that in Edinburgh quite a few Scottish naturalists accepted the 

idea of evolution. Those include Robert Jameson, Robert Grant, Robert Knox and several 

others. In London, among many evolutionists the most famous naturalist Richard Owen 

(MacLeod 1965; Ospovat 1976; Brooke 1977; Desmond 1979; Camardi 2001; Rupke 2009; 

Johnson 2019). A less well-known figure was the physiologist and idealist philosopher 

Green, a long-forgotten thinker we will shortly return to in this chapter. After Darwin 
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published the Origin, British naturalists almost universally embraced the thesis of descent, 

yet many of them remained suspicious of the mechanism of natural selection and 

requested further explanations to account for species evolution. Indeed, many self-

claimed British Darwinians were at best evolutionists, and they declined to accept 

Darwin’s variation-selection explanatory scheme. Perhaps the most revealing example is 

Thomas Huxley, the so-called Darwin’s Bulldog. Huxley was a staunch defender of the 

thesis of descent and was therefore no doubt an evolutionist, but he remained indifferent 

to the principle of natural selection (Bartholomew 1975; Di Gregorio 1982; Desmond 1982; 

Bowler 1992a/1988: 76-80). Moreover, several other British naturalists, such as George 

Mivart (1871), complained that Darwin did not have any mechanisms of variation and 

species genesis (Bowler 1992a/1988: 94-98).  

In relation to vital evolutionism, other than Chambers, the life and work of the great 

naturalist Richard Owen has also drawn considerable attention in recent scholarship. 

Even though Owen was far more sophisticated a naturalist, his theoretical insight indeed 

coincided with that of Chambers. Both Owen and Chambers conceived of evolution as 

realizing a pre-determined system of species. Moreover, as the Owen expert Nicolaas 

Rupke (2009) has indicated, Owen was coming close to a doctrine of evolution before 

Darwin’s Origin in 1859. In 1882 Owen offered his final word on Darwin. While he accepted 

the thesis of descent, in his mind Darwin in biology was only to be compared to 

Copernicus in astronomy. For Owen, biology still had not found its own Newton who could 

advance laws for the genesis of the species like laws of gravitation (Rupke 2009: 179). As 

a result, Owen requested “laws...of the origin of species” (178). 

The German scenario was a bit more complex. As Mayr noted, the idea of evolution was 

already widespread among pre-Darwin German naturalists. Naturalists such as Friedrich 

Tiedemann, Gottfried Reinhold Treviranus, Johann Meckel and Lorenz Oken accepted the 

idea of evolution (Richards 1992; Zammito 2018; Gambarotto 2018). Great philosophical 

minds like Herder, Kant, Schelling, Goethe and Hegel all considered conceptual issues in 

biological evolution in detail (Haas 1952; Wells 1967; Richards 1992, 2002, 2017; Harris 

1998). After Darwin’s the Origin, Germany might have been the most enthusiastic in its 

reception of the idea of evolution. Quite a few German naturalists, represented by Ernest 

Haeckel, claimed to be Darwinians and used the term “Darwinism” to challenge 

traditional religious authorities. However, historical studies show that they might only 

accept Darwinism by name (“even more than in the British case, however, the historian 

encounters a problem in trying to assess the extent to which German ‘Darwinism’ made 

any real use of Darwin’s theory”, Bowler 1992a/1988: 82). As a matter of fact, German 

biologists, especially those in paleontology, were still looking for alternatives to account 

for species evolution, and they were hardly influenced by Darwinism until the middle of 

the twentieth century (Reif 1986; Trienes 1989; Harwood 1993: 99-137, 1994). Like their 

British colleagues, German biologists hoped to move beyond Darwinism, and tried to 

formulate laws of variation and therefore laws for the genesis of new species.  
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Among naturalists from the pre-Darwinian period, Oken stood out as a thinker who 

shared a strong interest in philosophy. Oken was also read by French naturalists such as 

Geoffroy, and British naturalists like Owen (Breidbach and Ghiselin 2002). Like Geoffroy 

and Owen, Oken conceived of biological evolution as following a pre-determined plan. Yet 

one feature of Oken made him a more interesting figure, that is, his fascination with 

mathematics. As Reill (2005) noted, Oken’s Naturphilosophie was moving towards “a new 

universal mathesis” (203).7 It appears that Oken intended the pre-determined system of 

the species to be written in the language of mathematics, “evident and certain” (204). In 

the post-Darwinian period, Haeckel stood out as the most well-known evolutionist in 

Germany (Richards 2008). Haeckel coined the term “phylogeny” and formulated 

biogenetic laws based on the long-held thesis of recapitulation. For Haeckel, phylogeny 

or evolution must proceed in accordance with the plan of the embryological 

development. Haeckel’s biogenetic laws governed both development and evolution. 

These laws could be traced back to the late eighteenth century and were long regarded as 

attesting the vitalist thesis that life is an autonomous realm governed by unique vital 

laws. 

In sum, both before and after Darwin, a number of naturalists and philosophers 

accepted the thesis of descent and were therefore evolutionists in this minimal sense. 

Like Driesch, they would agree with Darwinians on this point. Nevertheless, Darwinism 

also endorsed the variation-selection explanatory scheme to account for the origin of 

species. On this point they became quite critical of Darwinism and insisted that the 

Darwinian scheme was far from satisfying. As we have seen, almost all of them requested 

laws for the genesis of new variations and therefore the origin of new species. This 

request could be explicitly shown in their endorsement of vital evolutionism, which, 

briefly speaking, suggests that evolution proceeds in accordance with a pre-determined 

system of species governed partly by vital laws. Now in the following I construct an ideal 

type for vital evolutionism. In particular, I elaborate its theoretical structure through my 

case studies on Kant, Schelling and the English physiologist Green. All of them were well 

versed in contemporary biology, and Green was even a distinguished physiologist in the 

nineteenth century. Section 3 focuses on Kant, Schelling and Green, all of whom, I argue, 

accepted evolution in the historical sense and considered evolution as conforming to a 

 

                                                      
7 It is to be noted that the idea of a pre-determined system of species was not only endorsed by evolutionists, 

but also anti-evolutionists. Anti-evolutionists disapproved of biological evolution in the historical sense, yet 

they viewed the whole system of species as conforming to a pre-determined plan of nature. For instance, as 

Appel (1980) has shown, Henri De Blainville was an antievolutionist, yet still believed that “all animals could be 

arranged in a single linear sequence” (291). In the German case, the most famous was perhaps Hegel, who 

insisted on viewing the system of species as a whole but ridiculed that the doctrine of “gradual 

alteration...explains nothing” (Hegel 1970/1830: 213; also see Harris 1998). In the American context, Louis 

Agassiz endorsed the idea of plan but remained an antievolutionist in his whole life (Morris 1997).  
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pre-determined plan. Section 4 turns briefly to Henry Bergeson’s doctrine of creative 

evolution and the doctrine of emergent evolution. In the concluding section, I highlight 

relevant logical issues within vital evolutionism. 

1.3 Vital evolutionism: Kant, Schelling and J. H. Green 

This section deals with Kant’s, Schelling’s and Green’s views of evolution. To emphasize, 

my primary interest is not to give a historically very detailed analysis of their views. 

Rather, my goal is more theoretical. By referring to these great thinkers, I hope to 

articulate the doctrine of vital evolutionism. 

1.3.1 Kant 

Kant’s view of evolution has long raised interpretative interest. He gave an extensive 

treatment of the idea of evolution in his several writings, notably Critique of Judgment 

(2000/1790) and Opus Postumum (1993/1936). The primary interest of historians and 

philosophers is to decide whether Kant accepted species evolution in the historical sense. 

Now the received interpretation, represented by two articles both entitled “Kant and 

evolution” (Lovejoy 1968; Ruse 2006), accepts the anti-evolutionist reading of Kant, and 

Kant is alleged to be no forerunner of Darwin at all (see Kolb 1992 for a recent moderate 

sympathizer of the evolutionist reading).8 The received interpretation is supported by 

two arguments. One relies on textual evidence, the other is more theoretical and invokes 

 

                                                      
8 For instance, John Zammito claimed that “nothing could be further from the truth” than the suggestion that 

Kant has “anticipated much of the teaching of evolution” (1992: 215). Elsewhere Philippe Huneman stated that 

“such general transformations in nature…were thought impossible by Kant…” (2006: 649). Even a very 

sympathetic reader of Kant, Phillip Sloan, argued that Kant sets up “epistemic limits on the claims of a historical 

science of nature”, which further grounds “the opposition to species transformism in the early decades of the 

nineteenth century” (2006: 646). And Paul Guyer, after suggesting that “Kant almost-but not quite-anticipates 

Darwinism” (2005: 323), went on to qualify that “Kant’s view falls short of a contemporary understanding of 

evolution because he continues to insist that no matter how well the changes in forms and species of organisms 

can be explained by mechanical processes, the origin of life itself can never be explained mechanically” (324). 

This is also echoed in Hein Van den Berg’s conclusion that a detailed study of Kant’s Opus Postumum yields “no 

concrete evidence” that Kant “allow(s) for the reality of generatio heteronyma” (2015: 255). In Lovejoy’s case, 

he listed several earlier positive accounts of Kant’s stance in relation to evolution, but stressed that these 

accounts “are all very far from correct” (1968: 75). Ruse also defended the ingenuity of the Darwinian doctrine, 

and he contended that “Kant was not an evolutionist and that his opposition was deep and theoretical” (2006: 

402).  
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Kant’s discussion of teleology. In the following I counter these two arguments in 

succession and show that Kant was an evolutionist. Kant accepted the thesis of descent; 

Kant’s teleological thinking is no obstacle for his embracing evolution; and most 

importantly, Kant was a vital evolutionist who claimed that evolution is governed by the 

principle of life and proceeds in accordance with a pre-determined plan, namely, a pre-

determined system of species. 

Let us first examine textual evidence for Kant’s assumed anti-evolutionism, mainly 

from section 80 of Critique of Judgment:  

The main text: Now here the archaeologist of nature is free to let that great family of 

creatures (for thus must one represent it if there is to be a basis for the thoroughly 

coherent kinship that has been mentioned) originate from the remaining traces of 

its oldest revolutions in accordance with any mechanism for it that is known to or 

conjectured by him. He can have the maternal womb of the earth, which has just 

emerged from a condition of chaos (just like a great animal), initially bear creatures 

of less purposive form, which in turn bear others that are formed more suitably for 

their place of origin and their relationships to one another, until this birth-mother 

itself, hardened and ossified, has restricted its offspring to determinate species that 

will degenerate no further, and the variety will remain as it turned out at the end 

of the operation of that fruitful formative power. (Kant 2000/1790: 5: 419; quoted in 

Lovejoy 1968: 197-8) 

The footnote: One can call a hypothesis of this sort a daring adventure of reason, and 

there may be few, even among the sharpest researchers into nature, who have not 

occasionally entertained it. For it is not absurd, unlike generatio equivoca, by which 

is meant the generation of an organized being through the mechanism of crude, 

unorganized matter. It would still be generatio univoca in the most general sense of 

the term, insofar as something organic would be generated out of something else 

that is also organic, even though there would be a specific difference between these 

kinds of beings, e.g., as when certain aquatic animals are gradually transformed into 

amphibians and these, after some generations, into land animals. A priori, in the 

judgment of mere reason, there is no contradiction in this. Only experience gives 

no example of it; rather, according to experience, all generation that we know is 

generatio homonyma and not merely univoca, in contrast to generation from 

unorganized matter, and produces a product that is in its organization itself 

homogeneous with that which has generated it; and generatio heteronyma, so far as 

our experiential knowledge of nature goes, is nowhere to be found. (Kant 

2000/1790: 5: 419-20; quoted in Lovejoy 1968: 198; emphasis added) 

These two passages are now treated as decisive to attest Kant’s rejection of evolution. 

Take Lovejoy (1968) as an example. According to Lovejoy, Kant did consider species 

evolution as a theoretical possibility (“no longer condemns transformism on a priori 

grounds as philosophical monstrosity”) and took it to be an empirical issue (“a question 

to be settled by empirical evidence”). Yet in Lovejoy’s interpretation, Kant finally 
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preferred anti-evolutionism, because he dismissed the hypothesis of species evolution as 

empirically implausible and a mere adventure of reason (“all empirical evidence is against 

the theory”). Overall Lovejoy concluded that he found “no essential departure from the 

position which we have found him all along maintaining” (all from Lovejoy 1968: 199). 

For Kant’s “Only experience gives no example of it” in his footnote, the question 

whether he was an evolutionist or not seems closed and should not be open to further 

discussion. However, Kant’s anti-evolutionism becomes quite puzzling, if we turn to 

different passages from Kant. These different passages, on the contrary, appear to 

support the evolutionist reading of Kant. The clearest passage comes from Opus Postumum: 

The organized creatures form on earth a whole according to purposes which [can be thought] 

a priori, as sprung from a single seed (like an incubated egg), with mutual need for 

one another, preserving its species and the species that are born from it. Also, 

revolutions of nature which brought forth new species (of which man is one). (Kant 

1993/1936: 22: 241, emphasis added). 

Any serious interpreter of Kant’s view of evolution cannot ignore this passage, in which 

Kant appeared to support the idea of species evolution with rather explicit words. Later 

interpreters such as Ruse (2006) were aware of this point (but the most recent 

interpretation from Van den Berg 2015 did not mention this passage). On this passage 

Ruse made three comments. In the first comment Ruse surprisingly suggested that Kant 

“could have changed his mind” (2006: 409). In the second comment Ruse claimed that 

Opus Postumum had remained unpublished for decades, and its contents were historically 

irrelevant to the further development of the theory of evolution. Ruse might be right. 

These two comments, however, even under the most sympathetic reading, must amount 

to undermining the received interpretation that Kant was an anti-evolutionist. The 

question is about Kant’s view of evolution, not about the historical influence of his view 

(think of Gregor Mendel and his genetics). Ruse’s third comment is more relevant. Based 

on Robert Richards’ study on Naturphilosophie and German idealism (1992, 2002), without 

further evidence Ruse conjectured that Kant’s view of evolution is merely idealistic, and 

that Kant could not have accepted a historically real process of species evolution. In 

Ruse’s words, Kant provided “more an ideal pattern (perhaps seeds springing forth) than 

an actual physical evolution” (409). Ruse’s third comment touches the central idea of vital 

evolutionism, to which I will return at the end of this section. Now all these ambiguous 

and apparently self-contradictory passages call for a more detailed treatment of Kant’s 

text.  

A detailed exposition of section 80 of Critique of Judgment, I think, is sufficient to make 

full sense of Kant’s view of evolution. Now I comment on section 80, paragraph by 

paragraph. To start, in the fourth paragraph of section 80, Kant set up the goal of the 

theory of evolution:  
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It is commendable to go through the great creation of organized natures by means 

of a comparative anatomy in order to see whether there is not to be found therein 

something similar to a system, one, indeed, regarding the principle of their 

generation... (Kant 2000/1790: 5: 418) 

The goal for Kant was to pursue the principle of the generation of the system of species 

(organized natures or beings, natural ends or purposes).  

Then what motivated Kant to do so? He gave the following observation, widely accepted 

by eighteenth-century naturalists: 

The agreement of so many genera of animals in a certain common schema, which 

seems to lie at the basis not only of their skeletal structure but also of the 

arrangement of their other parts, and by which a remarkable simplicity of basic 

design has been able to produce such a great variety of species by the shortening of 

one part and the elongation of another, by the involution of this part and the 

evolution of another, allows the mind at least a weak ray of hope that something 

may be accomplished here with the principle of the mechanism of nature, without 

which there can be no natural science at all. (Kant 2000/1790: 5: 418) 

Convinced by this observed unity in diversity (homology), Kant further presented an 

almost Darwinian account of evolution. Although part of this passage has been cited 

above, for its importance here it must be cited in full again: 

This analogy of forms, insofar as in spite of all the differences it seems to have been 

generated in accordance with a common prototype, strengthens the suspicion of a 

real kinship among them in their generation from a common proto-mother, 

through the gradual approach of one animal genus to the other, from that in which 

the principle of ends seems best confirmed, namely human beings, down to polyps, 

and from this even further to mosses and lichens, and finally to the lowest level of 

nature that we can observe, that of raw matter: from which, and from its forces 

governed by mechanical laws (like those which are at work in its production of 

crystals), the entire technique of nature, which is so incomprehensible to us in 

organized beings that we believe ourselves compelled to conceive of another 

principle for them, seems to derive.  

Now here the archaeologist of nature is free to let that great family of creatures (for 

thus must one represent it if there is to be a basis for the thoroughly coherent 

kinship that has been mentioned) originate from the remaining traces of its oldest 

revolutions in accordance with any mechanism for it that is known to or 

conjectured by him. He can have the maternal womb of the earth, which has just 

emerged from a condition of chaos (just like a great animal), initially bear creatures 

of less purposive form, which in turn bear others that are formed more suitably for 

their place of origin and their relationships to one another, until this birth-mother 

itself, hardened and ossified, has restricted its offspring to determinate species that 
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will degenerate no further, and the variety will remain as it turned out at the end 

of the operation of that fruitful formative power. (Kant 2000/1790: 5: 418-9) 

As we have seen, in reading the second paragraph of this passage, Lovejoy acknowledged 

that Kant already considered the possibility of species evolution. However, without any 

further analysis Lovejoy quickly turned to the famous footnote. Then along with most 

interpreters of Kant, Lovejoy treated this footnote as a decisive piece of evidence attesting 

Kant’s anti-evolutionism. I will come back to this footnote later. 

Yet now in my view, by concentrating too much on this footnote, very unfortunately, 

Lovejoy and other interpreters ignored Kant’s much more important theoretical reasoning 

which follows immediately: 

And yet ultimately he must attribute to this universal mother an organization 

purposively aimed at all these creatures, for otherwise the possibility of the purposive 

form of the products of the animal and vegetable kingdoms cannot be conceived at 

all. In that case, however, he has merely put off the explanation, and cannot presume 

to have made the generation of those two kingdoms independent from the 

condition of final causes. (Kant 2000/1790: 5: 419-420, emphasis added) 

Admittedly, this is a difficult passage. On the surface Kant seemed to assert that a story of 

evolution from a common ancestor does not really explain the unity as well as the diversity 

of the species. Instead, for Kant it only put off the basis for explanation back to the 

common ancestor. If we read this passage literally, Kant also said that the common 

ancestor must already contain possibilities of all later species (“an organization that 

purposively aimed at all these creatures”).  

Then what did Kant mean here, exactly?  Kant’s point could be better understood, I 

believe, by referring to the passage that immediately follows. There Kant explained his 

point with an example: 

Even the alteration to which certain individuals in organized genera are contingently 

subjected, where one finds that their altered characteristic is heritable and has been 

taken up into the generative power, cannot be properly judged as other than an 

incidental development of a purposive predisposition to the self-preservation of the 

kind that was originally present in the species, because in the thoroughgoing 

internal purposiveness of an organized being the generating of its own kind is so 

closely connected with the condition that it incorporate nothing into its generative 

power that does not belong to one of the undeveloped original predispositions of such a 

system of ends. For if one departs from this principle, then one cannot know with 

any certainty whether several of the elements that are currently to be found in a 

species are not of contingent, purposeless origin, and the principle of teleology that 

in an organized being nothing that is preserved in its procreation should be judged 

to be nonpurposive would thereby turn out to be quite unreliable in application, 
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and valid merely for the original stock (which, however, we no longer know). (Kant 

2000/1790: 5: 420, emphasis added) 

Kant elaborated his point by referring to phenomena of hereditary alteration within 

“organized genera” (to speak imprecisely, intra-species transformation). For Kant, in 

empirical observation it is well confirmed that individuals of certain genera in nature 

might undergo some “incidental” changes and the altered characters become hereditary 

afterwards. Indeed, these alterations are just inheritable variations in Darwinism. But 

Kant’s reasoning went much deeper than this observation. According to Kant, even 

though these alterations, variations or changes must be judged as accidental, the 

phenomena that some finally become hereditary cannot be accidental at all and must be 

grounded in “the undeveloped original predispositions” of the original genera. Here Kant 

only considered alterations within species, but if we follow Kant’s reasoning, and apply it to 

alterations across species, in relation to Darwinism we must end up with a bold conclusion. 

According to Kant, even assuming that historical evolution is true, that is, an organism of 

one species did historically evolve to an organism of a different new species, it still fails 

to touch the essentials of a genuine theory of evolution. Kant’s point is rather that the 

possibility of the new species is grounded in the previous species. Then, if we push Kant’s 

point to its logical conclusion, it follows that the possibility of all species must have 

already been grounded in the common ancestor.9 

Kant then dealt with the common ancestor, or more accurately, the power attributed 

to the common ancestor to generate all species (“an organization that purposively aimed 

at all these creatures”). Here we come exactly onto the principle governing the production of 

the system of organized beings, which for Kant is indispensable to a genuine theory of 

evolution. Kant wrote: 

For the whole difficulty surrounding the question about the initial generation of a 

thing that contains purposes in itself and is comprehensible only through them 

rests on the further question concerning the unity of the ground of the combination 

in this product of the manifold of elements external to one another; however, if this 

ground is posited in the understanding of a productive cause as a simple substance, 

that question, insofar as it is teleological, is adequately answered, but if the cause is 

sought merely in matter, as an aggregate of numerous substances external to one 

another, the unity of the principle for the intrinsically purposive form of its 

formation is entirely lacking; and the autocracy of matter in productions that can 

 

                                                      
9 This reading of Kant is inspired by the great political philosopher Eric Voegelin’s treatment of the idea of 

evolution (Voegelin 1998/1933: 140-4). According to Voegelin, “Kant’s argument that the theory of evolution 

merely shifts the real origin of the species back to the origin of evolution not only takes the theory of evolution 

to its logical conclusion but also destroys it as meaningless as far as its explanatory purpose is concerned. It 

does not explain what it was intended to explain” (143-4). 
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be comprehended by our understanding only as ends is a word without any 

meaning. (Kant 2000/1790: 5: 420-1)  

For Kant, mere principles of matter cannot account for the generation of biological 

organisms, and a further postulate is needed.  

If my interpretation is correct, Kant postulated the principle governing the production 

of the system of species in the Critique of Judgement as the principle of purpose, and in the 

Opus Postumum he explicitly termed it the principle of life (Kant 1993/1936: 22: 481). Kant 

summarized his view of evolution in the Opus Postumum: 

The organized creatures form on earth a whole according to purposes which [can be thought] 

a priori, as sprung from a single seed (like an incubated egg), with mutual need for 

one another, preserving its species and the species that are born from it. Also, 

revolutions of nature which brought forth new species (of which man is one). (Kant 

1993/1936: 22: 241, emphasis added).  

Then according to Kant, biological evolution is governed by the principle of life, which, 

along with other principles of matter, determines the possibility of all species a priori. 

The first organism of a new species might arise through accidental change or random 

variation from an organism of a previous species, but the possibility of this new species 

must have already been grounded in the previous species, and ultimately, in the principle 

of life. The principle of life, metaphorically speaking, contains all possible species, even 

though evolutionary history is contingent and only realizes some of them. In 

consequence, as to our interest, Kant went very close to the central idea of vital 

evolutionism, that is, a pre-determined system of species partly governed by the principle 

of life.  

Let us now deal with Kant’s attitude to evolution, or more particularly, to the thesis of 

descent, especially given the anti-evolutionism shown in the famous footnote from 

section 80 of Critique of Judgment and the evolutionism indicated in the above passage from 

Opus Postumum. A reconciliation, I believe, is possible. Let us consider first the latter 

passage from Opus Postumum, on which Ruse conjectured that Kant provided “more an 

ideal pattern (perhaps seeds springing forth) than an actual physical evolution” (Ruse 

2006: 409). But in this comment, Ruse, like many others, appeared to make an elementary 

mistake in reading Kant’s critical philosophy, in his conflation between Kant’s 

transcendental idealism and Berkeleyan subjective idealism. In Kant’s critical philosophy, 

the (empirically) real must conform to the (transcendentally) ideal. Kant’s ideas (in this case, the 

principle of life and the system of species) are not mental entities in his mind, but 

concepts and boundaries to render intelligible the empirical world (in this case, the 

variety of organisms). As a result, according to Kant, the empirically real does not 

contradict the transcendentally ideal. Rather, the real must conform to the ideal. Therefore, 

Kant’s idealism ensures that, in Ruse’s words, the “actual physical evolution” must 
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proceed in accordance with the “ideal pattern”. (Ruse also mispresented Richards’ 

position, see below). 

It remains to be seen, however, whether Kant actually endorsed the thesis of descent, 

especially given the disturbing footnote from Critique of Judgment. A positive answer is 

possible, in my view, in light of a reconciliation of the two apparently contradictory 

passages above. In the footnote from Critique of Judgment, Kant was certainly right that 

human experience of nature does not offer a single example of species evolution (generatio 

homonyma). Yet the crucial point he made is that the historical reality of species evolution 

(generatio heteronyma) can only be thought by “a daring adventure of reason”. Let me 

elaborate Kant’s rather subtle abductive reasoning. For Kant, it is impossible (“absurd”) 

for the first organism of a new species to come out through spontaneous generation, 

because mere principles of matter are not sufficient to account for living organisms 

(generatio equivoca); moreover, as is well-known that Kant cannot refer to God, since the 

latter is merely an idea for the practical rather than the theoretical realm. Then the only 

possibility (“not absurd”), as required by reason, is that the first organism arose out of an 

organism of an existent species (generatio heteronyma of generatio univoca). 10  Kant 

articulated this point much more explicitly in the passage from Opus Postumum. Then 

according to Kant, species evolution out of a common ancestor needs to be thought a 

priori, and reason forces us to accept species evolution. In sum, the historical reality of 

species evolution must be thought so, and it is imposed by reason. 

In addition to textual evidence, to support the anti-evolutionist reading of Kant, the 

received interpretation has also given a more theoretical argument. This argument relies 

on the Kantian antinomy of mechanism and teleology. In Lovejoy’s case, he noted Kant’s 

negative attitude towards the power of mechanistic sciences to ultimately address the 

teleological features of biological organisms. In Lovejoy’s reading, the antinomy of 

mechanism and teleology proves an insurmountable obstacle for Kant. Based on the 

much-repeated story that the mechanism of natural selection makes sense of biological 

teleology in general, Lovejoy concluded that it is impossible for Kant to even anticipate 

Darwin’s doctrine of evolution (Lovejoy 1968: 175). Lovejoy did not spend much time on 

the mechanism-teleology antinomy. Ruse developed this point in detail, to make a case 

for the anti-evolutionist reading of Kant (Ruse 2006). According to Ruse, Kant was 

addicted to “final-cause thinking” and like Cuvier he conceived of the barriers between 

different species as unbridgeable, since “moving across from one species to another 

would disrupt this organization in a way fatal to the intermediaries” (407). Then in Kant’s 

case, as Ruse supposed, “it is evolution or final causation and final causation wins” (407). 

 

                                                      
10 This argument is endorsed by some later biologists and philosophers, such as the famous K. E. Von Baer 

(Holmes 1947: 9).  
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Along with Lovejoy, Ruse concluded that Kant could not be an evolutionist, because he 

“did not have natural selection” (410). 

Yet in my view, it is even easier to dismantle this argument, which hinges on an 

interpretative mistake concerning Kant’s account of teleology (for more on teleology, 

refer to Chapter 8). Consider the so-called mechanism of natural selection (for more on 

natural selection, refer to Chapter 6). While there is no doubt that natural selection plays 

a role in evolution, Kant’s concern is exclusively with inheritable variation. In other 

words, the mechanism of natural selection is concerned with “the survival of the fittest”, 

Kant’s view of evolution attends to “the arrival of the fittest” (Gilbert 2015: 41).  Moreover, 

in the Darwinian doctrine of evolution, from the logical point of view, new organisms (i.e., 

Kant’s teleological systems) must come before the mechanism of natural selection. Then 

there cannot be any real incompatibility between Kant’s teleological thinking and the 

mechanism of natural selection.11 

More generally speaking, Kant’s antinomy of mechanism and teleology does not imply 

that these two types of judgments are incompatible. It is not the case that since 

teleological judgments are indispensable for organisms, every mechanistic judgment is 

prohibited. On the contrary, for Kant “one is required to pursue it [mechanism] as far as 

one can” (Kant 2000/1790: 5: 388). What Kant maintained is that mere mechanism is 

insufficient to explain organisms as natural purposes, then teleology must come to help. 

Therefore, in Kant’s philosophy of biology mechanism and teleology are complementary, 

and must be associated “in the explanation of a natural end as a product of nature” (Kant 

2000/1790: 5: 421). This point also applies to Kant’s view of evolution. As we have seen, 

since Kant presupposed that mere principles of matter could not fully account for 

biological organisms, a new principle of life must be consulted to ground the possibility 

of the system of species. The principle of life is then indispensable, otherwise mere 

mechanisms are unable to make full sense of biological organisms (for some recent 

interpretations, see Kreines 2005; Breitenbach 2008; Quarfood 2014). 

In sum, therefore, Kant accepted the thesis of descent and his teleology created no 

obstacle for his embracing evolution. As a result, an evolutionist reading of Kant appears 

more adequate. Moreover, Kant stressed the importance of the idea of the system of 

species governed by the principle of life. In combination, we conclude that Kant was a 

vital evolutionist, who maintained that evolution proceeds in accordance with a pre-

determined plan governed by the principle of life. 

 

 

                                                      
11 For similar interpretations, see Soontiëns (1991), Short (2002) and Breitenbach (2009: 47-50). In addition, it 

also seems dubious to state that the mechanism of natural selection can account for biological teleology, even 

only as the ultimate cause (Mayr 1961). Regarding natural selection, it is self-evident that well-established 

teleological systems have a better chance of survival. But the mechanism of natural selection is quite insufficient 

to explain the origin of such teleological systems, not to say their possibility (Reid 2007: 1-25). 
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1.3.2 Schelling 

After Kant, Schelling was the next great German philosopher whose view of evolution has 

remained ambiguous. Schelling was a representative of German Naturphilosophie and 

German idealism, and his view of evolution represented the general view shared by 

German idealists and idealist-oriented biologists. So it seems worthwhile to consider 

Schelling’s view of evolution in detail. Schelling’s treatment of biological evolution 

appears in his On the World soul (Weltseele, forthcoming/1798) and First outline of a system of 

the Philosophy of Nature (Erster Entwurf, 2004/1799). In recent years Robert J. Richards, a 

prominent historian and philosopher of biology of our time, is perhaps one of the greatest 

authorities on pre-Darwinian doctrines of evolution in the tradition of Naturphilosophie. 

In the following we shall regularly consult his interpretation of Schelling’s view of 

evolution. 

In an important sense, as alluded in Ruse (2006) above, Schelling’s view of evolution 

unfortunately encounters a similar misreading similar to that given to Kant. There are 

key passages attesting Schelling’s “denial” of evolution, and when Schelling appeared to 

touch the idea of evolution, his text is dismissed at best as overly idealistic. According to 

Richards, contemporary Schelling scholars, for instance, Dietrich von Engelhardt, 

declared that “Schelling is no forerunner of Darwin”, and at best he only had “a 

metaphysical ordering of plants and animals” (Engelhardt, quoted from Richards 2017: 

219). Indeed, this is also the view endorsed by Richards in his early career (1992). The anti-

evolutionist reading relies on two key passages from Schelling: 

The hope which so many natural scientists seem to have cherished-to be able to 

present the origin of all organisms as successive, and indeed as the gradual 

development of one and the same original organism-disappears from our point of 

view, for the universal product could not be inhibited at various stages without at 

the same time dividing itself into opposite sexes. (Schelling 2004/1799: 48-9) 

The assumption that different organisms have really formed themselves from one 

another through gradual development is a misunderstanding of an idea which 

actually does lie in reason (49) 

Like Kant’s widely cited footnote, these two passages from Schelling appear to decisively 

support the anti-evolutionist reading of Schelling. Moreover, the latter passage seems to 

contrast a historical (realist) reading of Schelling with an idealistic reading of him, and 

on the surface, it supports the idealistic reading.  

This was also Richards’ original reading of Schelling in his early monograph the 

Meaning of Evolution (1992). In this excellent piece Richards drew the distinction between 

the idealistic reading and the historical reading of the doctrines of evolution in 

Naturphilosophie. While both readings endorse that a unity lies underneath the variety of 

biological species, the idealistic reading commits to the thesis of species fixity and 
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repudiates the possibility that an organism of a species can evolve to an organism of a 

different species; on the contrary, the historical reading holds that such transformations 

did take place in the evolutionary history. Richards classified the views of German 

philosophers and biologists into these two camps. According to Richards, Schelling, 

Goethe, and Lorenz Oken stood on the idealistic side, and they consented to the point that 

“organisms were impelled…in the deeper, atemporary mode of Spinozistic nisus” (1992: 

39). In contrast, biologists such as Tiedemann, Treviranus, and Meckel, under Richards’ 

interpretation, took the historical side. For them “organisms were impelled…in the way 

of historical transformation” (39). Richards in his 1992 book suggested that Schelling’s 

doctrine should receive an idealistic reading, and he wrote: 

The dynamic evolution of the embryo furnished a phenomenal sign of the deeper 

logical development of absolute being through its evolutionary stages…It would be 

a mistake, however, to gloss Schelling’s conception of recapitulation in more sober 

terms of historical species transformation…He allowed for an evolution of varieties 

within species but insisted that the essential forms of species only evolved in a 

logical, atemporary way, moving through the deeper dialectic of being. (28-9) 

Needless to say, Richards cited the key passage from Schelling as decisive evidence 

attesting his opposition to evolution (29). 

However, Richards changed his mind ten years later and adopted instead the historical 

reading in his book the Romantic Conception of Life (2002). Since then Richards has stuck to 

this position, and in the latest article he continued endorsing the historical reading 

(2017). According to Richards, “the idea of evolution, then, for Schelling, included great 

morphological change within a species form, as well as a sequence of species forms that 

progressively realized in time the more general archetype of organicity” (2002: 303-4, emphasis 

added).  

In my view, Richards’ current interpretation of Schelling is correct. To see this, it is 

essential to start with an adequate understanding of Schelling’s idealism, that is, objective 

idealism. Similar to the case of Kant, it should be elementary knowledge that Schelling’s 

idealism (and German idealism in general) is quite different from the Berkeleyan 

subjective idealism. Schelling’s evolution is idealistic, not because Schelling only 

presented it in his mind like subjective idealists. Instead, Schelling’s ideas indicate 

concepts, boundaries, and limits to categorize the empirical world. As a result, in contrast 

to subjective idealists who take ideas to be mental entities in mind, Schelling contended 

that evolution, even if it were historically real, would proceed in accordance with the 

ideas. 

It remains to be seen, however, whether Schelling endorsed historical evolution, or in 

Darwin’s phrase, the thesis of descent. This is no easy task, since Schelling wrote explicitly 

that “the assumption that different organisms have really formed themselves from one 

another through gradual development is a misunderstanding of an idea which actually 
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does lie in reason (Schelling 2004/1799: 48-9)”. Richards (2002, 2017) treated this question 

with great care and finally opted for the positive answer. To summarize Richards’ 

treatment in his own words, “it was ... [E] Darwin’s concept of the mechanistic evolution 

of organisms, in a genealogical fashion, that Schelling rejected, not the fundamental idea 

of species change in the natural world” (Richards 2017: 18). So, the gist of Richards’ 

argument is that Schelling only rejected E. Darwin’s genealogical doctrine of evolution 

(or similar theories), but still accepted historical evolution. 

Richards’ interpretation uses E. Darwin’s doctrine of evolution as the target. He wrote: 

[E.] Darwin’s evolutionary theory-or, at least, theories like it-suffered in Schelling’s 

estimation from a principal defect. Such theories attempted to explain the unity of 

organic structure genealogically, that is, through a physical transmission of 

developing form. It was this conception to which Schelling strongly objected. 

(Richards 2002: 301) 

A theory like Erasmus Darwin’s could not explain, to Schelling’s mind, unity of 

organization…When Schelling complained that genealogical evolutionists had 

misunderstood “an idea, which really lies in reason,” he meant they assumed that 

an actual primitive organism-[E.] Darwin’s living filament-could fully embody the 

archetype of organism itself (a “mistake” that Charles Darwin would explicitly 

make, thus turning the idealist archetype into a biologically real entity). (305) 

I am unable to judge whether Richards did justice to E. Darwin’s doctrine of evolution.12 

But in any event, according to Richards, in Schelling’s apparent denial of evolution, he 

was not to make objections to species evolution in the historical sense; rather, he found 

explaining the unity of organic structure in terms of historical evolution problematic. Richards’ 

Schelling did not consider a story of genealogical evolution satisfying, because the more 

important issue lies in “the unity of organic structure”, the “idea” or “the idealist 

archetype”. 

Richards’s interpretation of Schelling, I believe, is correct in itself. As a matter of fact, 

Schelling’s view of evolution runs very close to that of Kant, who declined to accept a 

genealogical story as a genuine explanation of the unity and diversity within the system 

of species. However, at the very start Richards appeared to commit a logical fallacy. Even 

granting the claim that Schelling rejected E. Darwin’s genealogical doctrine of evolution 

as a genuine explanation, it does not necessarily follow that Schelling endorsed any other 

doctrine of historical evolution. From the logical point of view, it is possible that Schelling 

 

                                                      
12 No evidence shows that Schelling was rejecting E. Darwin’s genealogical theory of evolution. the name “E. 

Darwin” only appears once in an irrelevant passage in First Outline (Schelling 2004: 121). Richards’ presentation 

of E. Darwin’s doctrine of evolution might also be inadequate. E. Darwin did not try to explain the unity of the 

organisms through the presence of an actual primitive organism; rather, as Richards himself noted, E. Darwin 

started with “life and certain powers” (Richards 2002: 300) originally attributed by God. See E. Darwin (1818: 

397) for original sources, and see Jenkins (2015: 26-31) for an interpretation.  
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rejected E. Darwin’s particular doctrine, but accepted a different one endorsing historical 

evolution; it is also possible that Schelling rejected any doctrine of evolution. The second 

possibility is consistent with Schelling’s apparent denial of evolution, which logically 

leads to a rejection of E. Darwin’s genealogical doctrine. So, we still have to show that 

Schelling accepted the idea of evolution in the historical sense. This cannot be done, in 

my view, without an adequate understanding of Schelling’s Naturphilosophie. Now in the 

following, based on Richards’ works I offer an improved interpretation of Schelling’s 

doctrine of evolution, in relation to his Naturphilosophie (Matthews 2011; Nassar 2014; 

Zammito 2018). I suggest that Schelling was a very sophisticated vital evolutionist, in 

maintaining that historical evolution must proceed in accordance with the idea. 

For Schelling, Naturphilosophie begins with the Unconditioned in contrast to the 

Conditioned, or in more familiar philosophical terminologies adopted in my 

interpretation, the Essence in contrast to the Appearance. In Schelling’s system, the 

Essence is absolute activity. On the basis of this postulate Schelling further claimed that, 

first, no apparent product we encounter in nature can be conceived of as the Essence 

itself; instead, it belongs to the sphere of Appearance and is only “a particular expression 

of” (Schelling 2004: 13) the Essence. Second, even the collection of all apparent products 

cannot be identified as the Essence, because the Essence is absolutely active and can only 

be “exhibited…by an infinite one [collection]” (15). 

The second point needs further elucidation. For Schelling, since the Essence is absolute 

activity, it cannot be fully represented by a finite collection of apparent products, 

otherwise the Essence stops being absolutely active. As a result, “Nature exists nowhere 

as product” (16). But how to exhibit the Essence in Nature? Still through the apparent 

products. Yet according to Schelling, the Essence could only be exhibited through an 

infinite sequence of apparent products. In consequence, “all individual productions in 

Nature are merely apparent products, not the absolute product that always BECOMES and 

never IS, and in which the absolute activity exhausts itself” (16).  

Further, the infinite sequence of apparent products corresponds to the whole 

developmental process of the Essence, and each product is fixed at a particular stage of 

development. While the Essence is potential to develop into every apparent product, it is 

inhibited at each stage of development and thereby limited into a special product. In 

other words, each stage of development, represented by a particular type of product, 

corresponds to a specific inhibition of the Essence. In Schelling’s Naturphilosophie, to 

summarize, though the Essence is absolutely active, it is inhibited at infinitely many 

different stages; but this is also necessary, because only through these inhibitions the 

Essence could exhibit itself, that is, give rise to the infinite sequence of apparent products, 

which constitute the sphere of Appearance. 

Concerning these stages, inhibitions and natural products, two points need to be 

further emphasized. First, each stage, according to Schelling, “is restricted to a 

determinate-sole possible-form” (35) which is indeed a determinate proportion of 
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original forces exerting on the formless fluid.13  In Schelling’s words, “all diversity of 

natural products can only derive from the various proportions of actants [forces]” (29). 

Second, for Schelling, “the whole of Nature must originally suffuse each product” (29). By 

this Schelling meant, on the one hand, within each individual product at a particular 

stage, “the drive to an infinite development” (18) still persists, and in principle it is still 

able to migrate to higher stages.14 On the other hand, this product also “runs through all 

possible forms up to the point at which it is inhibited” (35), though it does not achieve an 

actual production at any previous stage. 

Now with this exposition of Schelling’s Naturphilosophie, we could derive Schelling’s 

doctrine of evolution. For Schelling, clearly a biological organism is a natural product in 

the sphere of the Appearance. The species it belongs to then represents a particular stage 

of development, and of course, a specific inhibition of the Essence. Further, an organism 

of a particular species, along with the species itself, indicates a determinate proportion 

of original forces. Moreover, it should also be noted that, on the one hand, within the 

organism still lies the Essence. The drive to higher stages, though inhibited, continues its 

presence. On the other hand, in its own embryological process the organism runs through 

all forms from the original formless fluid to its present determinate stage, but never 

achieves actual production at any previous stage. 15  As we will soon see below, the 

distinction between the Essence and the Appearance is central to Schelling’s doctrine of 

evolution. Evolution if possible only takes place in the sphere of Appearance through 

individual organisms. In the sphere of the Essence, all “things”, all possible stages, all 

possible forms, and in our interest all possible biological species are fixed in terms of 

respective proportions of forces and nothing is transformable. 

In Schelling’s Naturphilosophie, as indicated above, there always exists a tension 

between the Appearance as the sphere of apparent products and the Essence as the 

absolute activity. On the one hand, at each stage of development the Essence is inhibited 

and channeled into a determinate proportion of original forces, which further determines 

the form of apparent products. At each particular stage apparent products are fixed into 

 

                                                      
13 The original forces and the formless fluid are basic postulates in Schelling’s Naturphilosophie. See Schelling 

(2004: 19-34).  
14 Here Richards appeared to make a small mistake. According to Richards, Schelling objected to the assumption 

supposedly made by E. Darwin, which suggests that “an actual primitive organism could fully embody the 

archetype of organism itself” (Richards 2002: 305). But clearly this assumption was also made by Schelling 

himself, and is central to his Naturphilosophie. The actual primitive organism, does already “fully embody the 

archetype of organism itself” (305), because in Schelling’s Naturphilosophie “the drive to an infinite development 

[archetype] lies in each of its [Nature’s]products” (Schelling 2004: 18). Clearly the former is logically derivable 

from the latter. 
15  This is the famous thesis of recapitulation in the history of evolutionary thought. In addition, one could see 

that Schelling’s doctrine of (biological) evolution is merely part of his Naturphilosophie. Indeed, Schelling’s 

Naturphilosophie could be safely termed a general philosophy of evolution.  
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its corresponding form. On the other hand, however, within every apparent product still 

lies the Essence as the absolute activity, which, though inhibited, in principle 

encompasses all stages of development and all apparent products. Then at each stage the 

fixity of organisms cannot be absolute, otherwise no organisms of logically “later” forms 

are possible and the Essence stops being absolutely active. Therefore, in Schelling’s 

doctrine of evolution, the fixity of organisms into certain stage or species cannot be 

decisive, only to be broken down by the Essence at future points. In a nutshell, in 

Schelling’s Naturphilosophie, species are fixed but organisms are not. This, as a result, 

allows for Schelling’s acceptance of evolution in the historical sense. As a matter of fact, 

Schelling did so and designed for it a rather peculiar mechanism. 

Now we turn to this mechanism. Concerning the fixity of organisms into certain 

species, a related concept is the separation of the sexes. For Schelling, at the start, 

“through the whole of Nature sexlessness is nowhere demonstrable” (36). Further, he 

asserted that “the separation into different sexes happens for different organisms at 

different stages of formation” (36). The key premise comes up next, when Schelling 

treated the separation of the sexes as the “the separation which we have furnished as the 

ground of inhibition in the production of Nature” (39). According to Schelling, after 

separation, Nature’s activity will only be manifested successively by, (1) driving “the 

individualization of the product to the extreme in both directions [sexes]” (39), and (2) 

forming products and thereby reproducing individual organisms within the species 

“through an endless circulation” (42).  

As we already know, Schelling claimed that the fixity is determined by a particular 

proportion of original forces which indicates a special inhibition of the Essence. Now in 

relation to sex separation he added that the very sign of the fixity of biological organisms 

into certain species is the separation of the sexes. To express this point in terms of the 

stages of development of the Essence, Schelling continued, “the variety of organisms is 

finally reducible just to the variety of the stages at which they separate themselves into 

opposed sexes” (42). For an individual organism, only after the separation of the sexes the 

organism starts to be fixed into its species and the corresponding developmental stage of 

the Essence. In other words, only after that very point, the organism “truly” becomes 

itself. Conversely, the deduction also goes that as long as the organism has not developed 

sex separation, it consequently has not been fixed into any species. In Schelling’s words, 

the organism “could not be inhibited at that stage unless it divided itself into opposed 

directions” (43). If it is not fixed, nature will never cease to oppose it.  

Species are fixed, but organisms not. Therefore, the possibility of evolution through 

the change of organisms is preserved. Consider that, for simplicity, within the same 

species two organisms of opposed sexes form a normal product. Now for this particular 

product, if Nature opposes it, cancels the point of inhibition which fixes the species of its 

parents, and imposes a new proportion of original forces, this product will develop into 

an organism of a different species after experiencing all previous stages and species 
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(including the one of its parents). I believe that this is not a fanciful speculation, but a 

legitimate conclusion derived from basic principles of Schelling’s Naturphilosophie. 

Schelling himself confirmed this conclusion in a footnote:  

As certainly as Nature is limited originally and through itself, just through the 

cancellation of the one point of inhibition a new one must arise, and thus at any 

rate one product contained the ground of the subsequent one. The product C could 

not arise before B, and this not before A had arisen. (49) 

Schelling postulated the Essence as absolute activity, the manifestation of which lies, 

nevertheless, in the infinite but successive sequence of natural products. As to the first 

organism of each biological species (except the first organism of the first species, which 

evolves from non-biological products through spontaneous generation), it historically 

evolves from an organism of the previous species when the Essence cancels the inhibition 

of the stage corresponding to the previous species. 

In Schelling’s doctrine of evolution, the distinction between the Essence and the 

Appearance is of central importance. The Essence is absolute activity, which in itself 

already determines a priori its developmental stages, inhibitions, and corresponding 

species. As a contrast, the Appearance is a “manifestation” of the Essence, and in the 

biological realm it consists of organisms of different species available to empirical 

observation. Evolution, if possible, only takes place in the sphere of Appearance with a 

rather peculiar mechanism. The product produced two organisms of opposed sexes, 

before reaching the point of inhibition (sex separation), will develop into an organism of 

a new species if the Essence cancels the inhibition. This is just how the new species (or 

the first organism of the new species) evolves from the historical point of view. For 

Schelling, however, one cannot merely construe this as a process in which an organism 

evolves to a different organism and thereby produces a new species, because this only 

belong to the sphere of the Appearance. To fully make sense of this process, one must be 

aware of the fact that the underlying Essence is at work, the so-called new species is 

predetermined as a particular stage of the development of the Essence, and the 

cancelation of the corresponding inhibition is the true drive of evolution.16 

 

                                                      
16 But admittedly, solely based on Schelling’s Naturphilosophie, it is not necessary for a newly evolved organism 

to merely use the product from the previous species. It is not impossible for the new organism to use products 

of even earlier stages (heterogeny) or even arise out of spontaneous generation (autogeny) if a few points of 

inhibition are canceled simultaneously (Owen distinguished between heterogeny and autogeny. See Rupke 2009: 

147). However, Schelling was less willing to consider this possibility. First, he intended Nature to cancel one 

inhibition and “a new must arise” (Schelling 2004: 49). Second, he stated that the gargantuan leap “from polyp 

to man ……would be inexplicable if intermediate members did not step in between them” (43). 
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Schelling touched on this point in his discussion of the thesis of descent. For Schelling, 

in the sphere of Appearance all organisms seem to share a common ancestor. However, 

by this Schelling only meant that if one has witnessed the whole evolutionary history, 

“organic formation began, without doubt, from one product” (49);17 but the reason for 

this is that in evolutionary history, “in Nature there was originally only one point of 

inhibition” (49) and that point could be treated as the common ancestor. Nevertheless, a 

naturalist commits a fallacy if he/she “accept(s) only one original product and let this one 

product bring forth the various organisms through its gradual development” (49). This 

fallacy, as a matter of fact, is the consequence of being misled by phenomena in the sphere 

of the Appearance. The truth is that the Essence, underlying the apparent common 

ancestor and every other organism, guides the whole evolutionary history. 

The foregoing discussion makes full sense of Schelling’s two passages quoted at the 

start, now widely used to attest Schelling’s alleged anti-evolutionism: 

The assumption that different organisms have really formed themselves from one 

another through gradual development is a misunderstanding of an idea which 

actually does lie in reason. (Schelling 2004: 49) 

The hope which so many natural scientists seem to have cherished-to be able to 

present the origin of all organisms as successive, and indeed as the gradual 

development of one and the same original organism-disappears from our point of 

view, for the universal product could not be inhibited at various stages without at 

the same time dividing itself into opposite sexes. (48-9) 

Richards’ interpretation of these passages is essentially correct, but my elaboration might 

be able to make Schelling’s point clearer. First consider the latter passage. What Schelling 

really meant here is that since the original organism, or the common ancestor, after 

completing sexual formation, becomes inhibited at its stage of development and 

therefore has no choice but to be fixed into its species, it is then unable to develop into a 

new organism of a different species. As Schelling further explained in a footnote, “it was 

just not one already fixed and present product that developed itself into various 

organisms” (49). However, If the organic product has not been fixed into any species, it is 

then capable of evolving into an organism different from its parents. In that case, the 

original organism, or the apparent common ancestor, sooner or later will give birth to a 

product, which will evolve to a different organism. 18  The first passage also becomes 

 

                                                      
17 Schelling gave a similar statement about the animal kingdom, “the polyp is the simplest animal, and the stalk, 

as it were, out of which all other organisms have sprouted” (43).  
18 Does the original organism need another organism of a different sex from its species to give birth to the next 

product? Not necessarily. In Schelling’s system that an individual organism does not have to possess only one 

sex. For Schelling, “Nature has either unified the opposing sexes in one and the same product and has developed 

simultaneously in different directions... or Nature has distributed the opposed sexes into different stocks...” (36-

7). 
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comprehensible, given Schelling’s distinction between the Appearance and the Essence. 

As Richards already indicated, Schelling maintained that evolution in the historical sense 

is a misunderstanding of an idea in reason, simply because phenomena of organismic 

transformation only belong to the sphere of the Appearance, the idea in reason uniquely 

captures the Essence (Here Schelling also termed it “Absolute archetype”). According to 

Schelling, if one is too into the apparent fact that the product of certain species evolves 

into an organism of a different species, he will be unable to appreciate the Essence at 

work. To conclude, Schelling was a representative vital evolutionist in Naturphilosophie. 

1.3.3 J. H. Green 

Joseph Henry Green (1791-1863) was a prominent English surgeon, anatomist, 

physiologist and philosopher, who was active in many areas, from college education to 

governmental administration. In addition to his enormous knowledge in anatomy and 

physiology, Green developed an unusual interest in philosophy when “an almost 

exclusive value has been given to pursuits and inventions of immediate and palpable 

utility” (Green 1840: 104). Green was under the influence of Kant, Schelling and other 

German idealists (like his private teacher in Berlin, Karl Wilhelm Ferdinand), and in 

London he developed a close friendship with the great English poet and idealist, Samuel 

Taylor Coleridge.  

Green’s major philosophical books were published in 1865 as Spiritual Philosophy (two 

volumes), “founded on the teaching of the late Samuel Taylor Coleridge.” The first volume 

of Spiritual Philosophy was devoted to ground the First Principle of transcendental 

philosophy, and the second to interpret Christianity based on German idealism.  Green’s 

ideas can be found in his two honorary Hunterian Orations addressed in 1840 and 1847, 

before the Royal College of Surgeons in London. The two orations were later published as 

Vital Dynamics (1840) and Mental Dynamics (1847). In these two Dynamics Green articulated 

the relations between his transcendental philosophy and special sciences like physics, 

biology and human sciences. Like Schelling, Green aimed to show how the First Principle 

plays out in different sciences. 

In Green’s philosophy of nature, the ultimate reality of Nature consists of a few powers 

governed by laws. Green discussed these in different sciences, which of course include 

biology, and further the doctrine of evolution. Deepening Kant’s and Schelling’s views, 

Green offered one of the clearest illustration of vital evolutionism. To start, for general 

biology, Green, using the words of John Hunter, announced that life itself is a law:  

It was the peculiar and eminent merit of John Hunter, that he had raised his mind 

to the apprehension of life as a law, in aid of a science of vital dynamics, and as the 

means of giving scientific unity to the facts of living nature (Green 1840: 24). 
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In Green’s mind, Hunter’s theoretical achievement was comparable to that of Newton: 

By contemplating life, as Newton had taught the mechanic philosophers to 

contemplate gravitation, not as a thing, nor as a spirit, neither as a subtle fluid, nor 

as an intelligent soul, but as a law, he laid the foundation of scientific physiology 

(24). 

For biology Green further introduced the Power(s) governed by the law of life. For Green: 

Living existence implies a subject or power which, actuated and directed by the law 

or idea, becomes a causative agency formative and productive (30). 

Based on these powers and laws, Green applied his philosophy of nature to embryology 

and evolution. First in embryology, the law of life is everywhere in animal substances. 

“Such as a germ, a seed or an egg, there is what Hunter calls a ‘simple principle of life’” 

(30). Starting from the germ, which is only passively affected by physical excitations, 

there comes growth because of the interaction with the outer world: 

The materials are acquired from without by assimilation, the form is evolved by a 

shaping energy from within, and the living subject, like a blind artist working after 

an invisible pattern, constructs the organization in which it dwells. (30) 

Growth is an essential feature of the vegetable Kingdom. Next in the Kingdom of animals 

there evolves sensibility, and an animal even possesses a nascent conscious self. Based on 

sensibility, the living being further acquires the ability of motion. Now according to 

Green, common to all these is the underlying causative power governed by the law of life. 

Green takes growth, sensibility and motion as essential features of life, and they are 

manifestations of the formative and productive power. 

Further in evolution, Green put together different life forms and attained the 

evolutionary scheme. For Green, the order of the evolutionary scheme is also the result 

of the function of the powers governed by the law of life. Concerning the difference 

between life forms, essentially following Schelling, Green claimed that “these are 

differenced by a relative subordination of these forces” (Green 1865: 87). In the ascending 

scale of these creatures, the degrees “are marked by a relative balance and proportion of 

the vital forces” (87). 

Compared to Kant and Schelling, Green was more explicit. Similar to Kant, Green was 

aware of homologies in nature, and these homologies appeared to suggest a common 

evolutionary scheme; Following Schelling, Green compared embryology and evolution 

and developed in detail the idea of recapitulation. Green treated recapitulation as offering 

powerful evidence for laws of life. According to Green, embryological processes and 

evolutionary schemes are governed by common laws of life. He said, “the progressive 

phases of the embryo correspond to the abiding forms, which are preserved in the total 

organism of animated nature, as typical of its gradative evolution” (Green 1840: 39). 



 

96 

In the end as a working scientist Green divided the study of nature into three sciences, 

physiography as the description of nature (“to enumerate and delineate the effects and 

products of nature as they appear”, 1840: 101), physiology as the theory of nature (“to 

deduce by inference the rules or principles by which the innumerable facts of 

physiography may be reduced into manageable order”, and “to ascertain the powers, 

which must be inferred from the phenomena, and the laws under which they act”, 1840: 

101-2), and finally physiogony as the history of nature. Relevant to the search of laws of 

life is physiogony, which, according to Green, “investigates the principles of life; but this 

again principally in reference to the original construction of living bodies, and the 

productive powers, or their formative principle” (102). The goal of physiogony, further, 

“is to exhibit every order of livings, from the polypi to the mammalia, as so many embryonic 

states of an organism, to which nature from the beginning had tended” (102, emphasis 

added). Then clearly, by the laws or the principles of life, Green meant nothing but Kant’s 

system of species, or Schelling’s stages or forms of nature.  

1.4 Creative evolution and emergent evolution 

As Bowler (1992a, b) implied, vital evolutionism dominated nineteenth-century 

evolutionary thought. Yet when it came to the early twentieth century, two different 

trends which share some similarities with vital evolutionism can be detected. One was 

represented by the French philosopher Henri Bergson’s doctrine of creative evolution 

(Posteraro 2019). The other was the British emergentists’ doctrine of emergent evolution. 

While the former endorsed a vitalistic concept, Élan vital, and the latter did not, both 

doctrines placed emphasis on the supposed indeterministic nature of the evolutionary 

history. Apparently, they did not entertain the idea of a pre-determined system of 

species. Now let us briefly look at these two doctrines.  

Bergson published his prominent Creative Evolution in 1907. Bergson’s doctrine of 

creative evolution, similar to the doctrine of vital evolutionism, postulates a vital impetus 

he termed élan vital. On this Bergson wrote: 

So we come back, by a somewhat roundabout way, to the idea we started from, that 

of an original impetus of life, passing from one generation of germs to the following 

generation of germs through the developed organisms which bridge the interval 

between the generations. This impetus, sustained right along the lines of evolution 

among which it gets divided, is the fundamental cause of variations, at least of those 

that are regularly passed on, that accumulate and create new species. (1998/1907: 

87) 
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However, if vital evolutionism postulates the principle of life as determining the system 

of species, Bergson’s élan vital, on the contrary, ensures that evolution is creative and 

therefore fundamentally indeterministic. According to Bergson, “...so perhaps the 

integration of the physico-chemical elements of properly vital action might determine 

that action only in part-a part would be left to indetermination” (1998/1907: 33).  

The difference between vital evolutionism and Bergson’s doctrine of creative 

evolution is profound. While Kant, Schelling and Green can be read as accepting the idea 

of a pre-determined system of species, Bergson emphatically rejected it and maintained 

that evolutionary outcomes cannot be determined in advance. For instance, regarding 

“the appearance of a vegetable or animal species”, according to Bergson, only “after the 

fact, we could know these causes in detail...foresing the form [species] is out of the 

question” (27). Moreover, Bergson emphasized that:  

Of course, the evolution of the organic world cannot be predetermined as a whole. 

We claim, on the contrary, that the spontaneity of life is manifested by a continual 

creation of new forms succeeding others. (1998/1907: 86) 

The impetus of life, of which we are speaking, consists in a need of creation. I cannot 

create absolutely, because it is confronted with matter, that is to say with the 

movement that is the inverse of its own. But it seizes upon this matter, which is 

necessity itself, and strives to introduce into it the largest possible amount of 

indetermination and liberty (251). 

Contemporary to Bergson, In Britain several philosophers also advanced a popular 

doctrine of evolution, that is, emergent evolution. This doctrine deals not only the 

evolution of life, but also the evolution of matter and even the evolution of mind. In the 

traditional sense, then, it is a philosophy of evolution. On this the philosopher C. Lloyd 

Morgan (also see Broad 1925), one of these known as “emergentists” wrote: 

From this [space-time] first emerged “matter” with its primary, and, at a later stage, 

its secondary qualities...later in evolutionary life emerges-a new “quality” of certain 

material or physico-chemical systems with supervenient vital relations hitherto 

not in being...then within this organic matrix...there emerges the higher quality of 

consciousness or mind. (Morgan 1927/1923: 9) 

Morgan acknowledged the influence from Bergson’s doctrine of creative evolution (3). As 

a matter of fact, emergent evolutionists also understood evolution to be essentially 

creative because emergent traits cannot be foreseen. According to Morgan, “the nature 

of emergent characters can only be learnt by experience of their occurrence; hence they 

are unpredictable before the event” (Morgan 1927/1923: 6). 

An important difference exists between Bergson’s doctrine of creative evolution and 

the doctrine of emergent evolution. Bergson, like vital evolutionists, maintained that 

evolution is governed by some life principle, the élan vital. In contrast, emergent 

evolutionists accepted no such “questionable metaphysics” (9) of vitalism. Morgan wrote: 
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One should here parenthetically say, with due emphasis, that if vitalism connote 

anything of the nature of entelechy or élan---any insertion into physico-chemical 

evolution of an alien influence which must be invoked to explain the phenomena 

of life then, so far from this being implied, it is explicitly rejected under the concept 

of emergent evolution. (Morgan 1927/1923: 8) 

After the rejection of vitalism, emergent evolutionists further recommended a worldview 

termed “evolutionary naturalism”, which is akin to our currently popular naturalism of 

a metaphysical tendency. This worldview suggests that, very broadly speaking, the 

metaphysical world stands out there and it has an evolutionary history, in which life and 

mind emerge successively along with new forms and new properties.  

According to concepts I have proposed, strictly speaking, Bergson’s creative 

evolutionism and British emergent evolutionism are different from vital evolutionism. 

While vital evolutionism decides to embrace both the principle of life and determinism, 

creative evolutionism accepts only the principle of life, and emergent evolutionism only 

the antithesis of determinism, that is, indeterminism.19 By the way, Some Darwinians 

today have also followed emergent evolutionism to emphasize on the supposed 

indeterministic nature of the evolutionary process. For instance, Gould (1989) stressed on 

the historical character of biological evolution, Beatty (1995, 2006) and his colleague 

(Beatty and Desjardins 2009) even came up with the evolutionary contingency thesis, and 

Ruiz-Mirazo et al (2004, 2010) went for the phrase “open-ended evolution”. 

1.5 Concluding remarks: vital evolutionism 

This historical survey centers on vital evolutionists like Kant, Schelling and Green, with a 

few brief remarks on contrastive thinkers such as creative evolutionists, emergent 

evolutionists and some Darwinians. The central tenet of vital evolutionism is that 

evolution proceeds in accordance with a predetermined plan, that is, the system of all 

possible species partly governed by the principle of life as vital laws. According to vital 

evolutionists, evolution is an empirical manifestation of diverse living creatures unified 

 

                                                      
19 As nicely pointed out by a jury member, Leonardo Bich, Morgan himself argued that the unpredictability does 

not imply indeterminism. In other words, it appeared to Morgan that determinism is compatible with 

unpredictability. But I consider Morgan’s reasoning to be unsound and he seemed to take the ontology 

(determinism)-epistemology (unpredictability) for granted. Indeed, in Morgan’s own writings he almost 

contradicted himself when he noted that “it is, of course, open to a critic to say that, given sufficient knowledge, 

liquidity and solidity…could be predicted” (1927/1923: 66). Overall, my remarks on emergent evolution aim to 

push this doctrine to its logical conclusion, rather than to focus on ideas of individual thinkers.  
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under the principle of life, and it is therefore, in logical terms, the realization of diversity 

in unity. To emphasize, this chapter only aims at a historical survey of vital evolutionism 

and no judgment on its validity is intended from the logical point of view. But it is clear 

that after this historical survey, numerous related logical issues call for a detailed 

analysis.  

The first, perhaps also the most interesting issue appears to concern the relation 

between vital evolutionism and Darwinism. While a detailed analysis has to wait until 

chapter 6, here a few words might suffice for a preliminary analysis. Indeed, it is possible 

to relate this vital evolutionism-Darwinism contrast to a more general contrast from the 

Introduction, that is, the contrast between transcendental philosophy and naturalism. 

Darwinism, if understood in the minimal sense, indicates the thesis of descent in the 

historical sense; while vital evolutionism maintains that evolution proceeds in 

accordance with a pre-determined system of species. Thus, vital evolutionism represents 

transcendental philosophy in evolutionary biology, and Darwinism under the most 

charitable reading might be received as a healthy naturalism. So, in an important sense 

vital evolutionism does not contradict Darwinism, and it is entirely compatible with the 

thesis of descent. On this Driesch wrote: 

I should like to add to this remark that the possibility must be admitted of the 

individuals being transmutable, whilst the “species” are not transmutable at the 

same time, the line of the “species” being a fixed order, through which the 

“individuals” have to pass in the course of their generations. (Driesch 1908a: 251) 

To express Driesch’s point through logical terms: even though all species are pre-

determined in a system as universals, organisms as individuals can still be mutually 

connected through a common ancestor.  

However, the central concern of vital evolutionism is the possibility of an a priori 

determined system of species. This can be expressed through the Darwinian concept of 

inheritable variation. In its essence, vital evolutionism requests laws of new variations 

and therefore laws for the genesis of new species. Then, the a priori system of species 

must include all these laws of variation (compares the periodic table of elements which 

contains laws of variation for elements). As a matter of fact, this line of thought never 

really disappears in evolutionary biology. As we will see in chapter 6, some theoretical 

biologists are urging the comeback of doctrines similar to vital evolutionism. 

Further, contra vital evolutionism, creative evolutionists and emergent evolutionists 

seem to contend that the system of species cannot be determined a priori and species 

cannot be predicted in advance. Some Darwinians (Gould and Beatty) appear to follow 

this contention and even cite indeterminism as a major virtue of Darwinism. This, as a 

result, yields an interesting case of the Kantian dialectical antinomy of determinism and 

indeterminism. Regarding the system of species, the call for (determinate) laws of 

systematics (similar to those contained in the periodic table of elements) sees the 
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peculiarity of life in its systematicity, while the appeal to indeterminism highlights its 

unpredictability, contingency, historicity or even creativity (whatever term you want to 

use). Yet, as we will see in chapter 3, the emphasis on indeterminism and the call for new 

laws does not actually lead to a genuine contradiction. Rather, as we have seen in the case 

of Driesch in his opposition to contingent variation, the call for laws must build itself on 

apparent (rather than absolute) indeterminism. Indeed, the possibility of such laws of 

systematics cannot be denied. 
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Chapter 2  

Vitalism and physics 

2.1 Introduction: Driesch on vitalism and physics 

Like in chapter 1, we begin once again with Driesch’s the Science and Philosophy of the 

Organism (1908a, b). We have seen that in the first volume (1908a) Driesch with much rigor 

discussed vitalism and evolution in considerable detail. In the second volume, in like 

manner, he went on to dealing with issues in relation to vitalism and physics. In his own 

words, he was to show “how our concept of entelechy as an elemental natural factor is 

related to those concepts of general ontology which play any part in the science of 

inorganic nature” (1908b: 153). Here Driesch demonstrated his learning in physics, 

admittedly rare among biologists. 

Driesch first touched on the principle of the “conservation of energy” (158), which is 

now termed the first law of thermodynamics. Regarding his doctrine of the entelechy, 

Driesch raised the following question, “how stands entelechy to the concept of energy 

itself?” (164). According to Driesch, some contemporary physicists such as the 

distinguished Wilhelm Ostwald supposed that “in cases of morphogenesis...some 

unknown potential forms of energy may be at work” (167) and entelechy was just vital 

energy peculiar to life. Concerning this supposition, Driesch endorsed an unequivocal 

rejection. Two reasons were advanced by Driesch to support his rejection. First, “at least 

in all [functional and developmental] cases where the economic equation [the principle 

of the conservation of energy] is fulfilled there would seem to be no place for a ‘new’ 

energy” (168).1 Second, “all energies, actually known to exist or invented to complete the 

 

                                                      
1 Driesch’s reasoning was subtle. His main argument is that the supposition of vital energy was not justified by 

empirical studies on function and development, which had so far assured that the principle of the conservation 

of energy held, empirically, about living organisms. According to Driesch, in organismic function (metabolism) 
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general energetical scheme, are quantities” (168), but “entelechy lacks all the 

characteristics of quantity” and it is “order of relation and absolutely nothing else” (168). 

Clearly, Driesch, in his own words, “decline(d) any kind of ‘energetical’ vitalism” (170).  

Driesch next dealt with the principle of the “augmentation of entropy” (158) or the 

principle of “dissipation” (174), which is now termed the second law of thermodynamics.2 

Driesch took it to be “a mere fact that is encountered in almost all fields of physics” (174). 

Since this principle was merely empirical, according to Driesch, “it of course offers no 

special ontological problem with regard to entelechy” (176). Then regarding possible 

functions of entelechy in relation to physico-chemical factors, Driesch came up with some 

rather imaginative and entertaining suggestions. According to Driesch, entelechy was 

able to “suspend possible becoming” (179) in physico-chemical systems. To be more 

concrete, suppose a chemical reaction, with all its necessary chemical compounds ready, 

was about to take place; yet at this time entelechy was able to suspend this reaction. 

Driesch wrote:  

...Entelechy is able, so far as we know from the facts concerned in restitution and 

adaptation, to suspend for as long a period as it wants any one of all the reactions 

which are possible with such compounds as are present, and which would happen 

without entelechy. And entelechy may regulate this suspending of reactions now 

in one direction and now in the other, suspending and permitting possible 

becoming whenever required for its purposes. (180) 

Driesch took “this faculty of a temporary suspension of inorganic becoming” (180) to 

be “the most essential ontological characteristic of entelechy” (180). In other words, 

entelechy was able to interfere with the principle of the augmentation of entropy in 

 

                                                      
“there is no difference at all between the sums of energy leaving and entering the organism” (Driesch 1908b: 

166), and in organismic development (morphogenesis) “a real equation between the energy taken in and the 

energy given out might be gained, if all substances which are chemically stored during ontogeny...” (166).   
2 Here to prevent possible misunderstanding, it is important to state in advance that Driesch understood the 

principle of the augmentation of entropy to be stating empirical facts. Moreover, for Driesch, this empirical 

principle was an application to real nature of the a priori “true principle of becoming”, or the “second law of 

energetics” (similarly, the principle of the conservation of energy also has its empirical and a priori versions): 

“there never can be any becoming where no diversities exist” (171). So, as we will see below, Driesch asserted 

sometimes that entelechy (and Maxwell’s demon) contradicted the empirical principle of the augmentation of 

entropy (196, 200), and he never stated that it contradicted the a priori true principle of becoming (195-8). 

Moreover, it should be added that Driesch was cautious about the first and the second laws of energetics in their 

a priori forms. For Driesch, these laws were not dogmatic assertions about nature, but regulative principles to 

suggest possible inquiries, for either hidden potential energies (the first law) or unrevealed diversities (the 

second law). I take Driesch’s caution to be of great value. As we will see later in chapter 9, some uses of the 

second law of thermodynamics in biology today fail to grasp its regulative nature.   
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physico-chemical systems, as “the non-physico-chemical agent” (180). 3  After this, 

Driesch moved to speculating about the function of entelechy in organic systems. Driesch 

started with his famous concept of the “harmonious-equipotential system”, which he 

considered to be a “system of equally distributed potentialities” (192). Then in the 

embryological process, “entelechy transforms a ‘homogeneous’ distribution of given 

different elements and given possible reactions into a ‘heterogeneous’ distribution of 

effect” (193). In other words, according to Driesch, “entelechy...is capable of augmenting 

its diversity of distribution in a regulatory manner” (192), as “an intensive manifoldness, 

embracing a real system of pre-existing diversities in itself” (197).   

Since apparently the principle of the augmentation of entropy indicated a decrease of 

diversity, did Driesch consider the role of entelechy to contradict the entropy principle? 

Not at all. As Driesch maintained, the entropy principle only held in physico-chemical 

systems, empirically. Then regarding a biological system, as Driesch suggested, the 

entropy principle still tended to eliminate its inner diversity, but entelechy, on the 

contrary, elevated the diversity of the system from the biological standpoint. As a result, 

being biological, “organic systems may acquire a higher degree of diversity of 

distribution” (197), due to the presence of the non-energetical entelechy. In a more 

positive formulation, Driesch could say, entelechy and the entropy principle operated 

together to give rise to relevant effects in relation to the biological system. So, “there is 

no opposition between inorganic and vital phenomena” (196). To summarize, in Driesch’s 

doctrine of entelechy, it was perfectly fine to conclude that a biological system, thanks to 

entelechy, might be able to overcome the principle of the augmentation of entropy only 

ascertained in physico-chemical systems. 

More generally speaking, according to Driesch, in biology entelechy gave rises to 

diversities not found in physico-chemistry, just like gravity against Cartesian mechanics 

(193) and human mind in creating artifacts from chaos in nature (194). Therefore, 

entelechy justified the autonomy of biology and revived the organic-inorganic distinction 

“forgotten by physics and chemistry” (196). With entelechy, Driesch reminded us that: 

There also was a great contrast between vital phenomena and the complete 

“science of inorganic or spatial becoming” that is to be written in the future. 

 

                                                      
3  Driesch also considered the relation between entelechy and general mechanics (not only the entropy 

principle). Other than the function of entelechy as suspending mechanical energy (p219-222), Driesch discussed a 

second possible, though less likely (as he argued, p223-4), function of entelechy, that is, “transporting mechanical 

energy” (222, emphasis added). In transporting mechanical energy, entelechy used “the faculty of reversing any 

mass-element it likes, and of thereby changing the direction of forces and motions” (222). Now assume its 

suspending and transporting functions, Driesch admitted, entelechy must interfere the laws of inertia (220, 223, 

225). 
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Entelechy, as endowed with the faculty of enlarging the amount of diversity in the 

distribution of given elements, was in opposition to that future science. (225) 

Given Driesch’s clear formulation, I believe, no one will fail to recognize the similarity 

between entelechy and Maxwell’s famous Demon (see below). Indeed, Driesch 

commented on Maxwell’s Demon twice. First, regarding mere physico-chemical systems, 

“of course, the empirical law of the dissipation of energy would be contradicted by 

Maxwell’s fiction” (199-200). Second, In the case of entelechy, “the work of the ‘demons’ 

of Maxwell is here regarded as actually accomplished” (225).  

Driesch’s discussion on entelechy and thermodynamics, or more generally, “vital and 

physical principles” (198), alludes to the fact that many interesting historical details 

about vitalism are ignored today. As will be shown below, there is a rather rich history of 

the interactions between vitalism and physics. Accordingly, the goal of this chapter is to 

categorize a few historical case studies on vitalism and physics, in terms of different sub-

disciplines within physics. For the sake of convenience, following Driesch, we start with 

thermodynamics and statistical mechanics in 2.2, and we shall address historical issues 

related to vital energy, indeterminism and new laws for biology. Next in 2.3 we discuss 

the interaction between vitalism and quantum mechanics, which was yet available as a 

mature science for Driesch. Then in 2.4 we move back to the nineteenth century and deal 

with a non-existent theme in Driesch’s time, that is, the relation between vitalism and 

classical field theories in physics. In the end, some general remarks will be given in the 

concluding section 2.5.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

2.2 Vitalism, thermodynamics and statistical mechanics 

In 1927 the great biologist Joseph Needham (even greater later as a historian of Chinese 

sciences) recorded contemporary developments in philosophy of biology in a review 

article, and he labeled one important theme “living matter and thermodynamics” 

(Needham 1927a). Accordingly, Needham demonstrated his vast learning and showed 

that since the 1850s great physicists such as Lord Kelvin, Hermann von Helmholtz and 

James Maxwell had cast doubts on the applicability of Carnot’s principle (a deductive 

consequence of, but established before, the second law of thermodynamics) to living 

systems. Moreover, Needham discussed theoretical contributions to the theme of vitalism 

and thermodynamics from contemporary scientists, including the physicist Charles-

Eugène Guye, the chemist Frederick G. Donnan, the physico-chemist Gilbert N. Lewis, and 

three other biologists, James Johnstone, Archibald Hill, and Ralph S. Lillie. In the following 

(2.2.2 and 2.2.3) we will return to the contributions of some of these scientists shortly. 
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In the same year, 1927, Needham also published a polemic Man a Machine (1927b), 

aggressively accusing the Italian scientist Eugenio Rignano’s small treatise Man not a 

Machine (1926) of being “romantic and unscientific”. Rignano’s treatise was written for 

the popular audience, and he described several finalistic aspects of living organisms. But 

of some interest to us is that Rignano also advanced the concept of vital energy. In his 

own words:  

Is it not more in accordance with sound positive method to inquire whether, by 

assuming a new form of energy—always obedient to the general laws of energetics, 

but endowed with well-defined elementary properties different from those of any 

form of energy in the inorganic world—it may not be possible to “explain” these 

properties of life, which seem so many “mysteries” as long as we obstinately try to 

explain them by physico-chemical laws alone? (1926: 17) 

Obviously Rignano’s concept and hypothesis of vital energy was the energetic entelechy 

denied by Driesch. Indeed, Driesch wrote a cordial forward for his friend Rignano’s 

treatise, making it clear that even though they both accepted “the vitalistic point of view” 

(Driesch 1926: 7), he was “not of the opinion that the introduction of a specific kind of 

vital energy solves the problem” (7-8), and what he called “‘entelechy’ has nothing in 

common with Professor Rignano’s ‘energetic principle of specific accumulation’” (8). 

Given Driesch’s negative attitude, it seems desirable to examine Rignano’s concept of vital 

energy or more generally his energetic vitalism in detail. This is what I turn to now in 

2.2.1. 

 

2.2.1 Energetic vitalism 

The concept of energy has a long history, even though its meaning had not been 

sufficiently distinguished, until the late nineteenth century, from what we mean by 

“force” today (Lindsay 1971, ed. 1975). Indeed, proto concepts of energy were never 

separate from the idea of “living” or “animate”. Leibniz’s Monadology proved a good 

example. According to Leibniz, even material bodies were endowed with entelechies as 

vital principles; and entelechies somehow further grounded derivative active forces that 

included “vis viva” (living forces), now widely regarded as a proto-concept of kinetic 

energy. 

Close to the end of the nineteenth century, a small group of physicists, including Georg 

Helm and Wilhelm Ostwald, started to defend a worldview termed “energeticism”. 

According to those energeticists, the world of phenomena was a manifestation of 

different forms of substantive energy. In the beginning, these physicists restricted 

themselves to articulating basic principles of energetics based on the latest achievements 

in modern physics. Their aim was to pursue a synthesis of different branches of physics. 
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Though very ambitious, these efforts soon encountered devastating criticisms from 

prominent physicists such as Max Planck and Ludwig Boltzmann (Deltete 1983). 

However, these criticisms, though largely sound in themselves, failed to prevent 

Ostwald from elaborating a philosophy of nature and later even a philosophy 

encompassing humanity in the early twentieth century. The grand energeticist system 

quickly went far beyond the sphere of physics and achieved a nominal-if not entirely 

superficial-unification of natural and human sciences. In physics and chemistry, the 

underlying forms were mechanical, electrical, magnetic, and chemical. In biology, 

energeticists claimed that life was a special form of energy. Then for them the uniqueness 

of the biological realm would be fully guaranteed by this form of energy which was absent 

in physics and chemistry.4 

Rignano explicitly proposed the doctrine of energetic vitalism in his book the Nature of 

Life. Before entering theoretical construction, Rignano blamed mechanistic physiologists 

for missing the “vital activity, the connecting link between physico-chemical 

phenomena,” (Rignano 1930: 121). For Rignano, mechanists “see everything except life.” 

(121) On the other hand, traditional vitalists (including Driesch) abandoned “any attempt 

to explain the nature of life,” and they indulged in positing “a vague, undefined and 

nebulous entity as the cause of the purposive manifestations of life.” (125) According to 

Rignano, mechanism and traditional vitalism therefore failed to offer any adequate 

account of life, and still “the purposive manifestations of life are facts, and indisputable 

facts” (129). To address these facts, Rignano came up with his doctrine of energetic 

vitalism which in his eyes would offer a “causal and deterministic explanation” (130) of 

life.  

The essence of energetic vitalism lay in the following hypothesis: “at the basis of life” 

there was “a special form of energy.” (132) For Rignano, first of all, vital energy was 

different from mechanical, chemical and electrical energy, and in its own realm it was 

governed by unique vital laws. But at the same time, vital energy obeyed basic laws of 

energetics, and conversely “the inorganic forms of energy” were able to be “transformed 

into the form of energy peculiar to life” (157). Second, as Rignano insisted, his energetic 

vitalism was not alien to experimental confirmation. He even suggested a new series of 

experiments (139-54). However, Rignano also admitted that the instruments of 

contemporary physiologists were incapable of testing or measuring vital energy. Yet he 

handed this task to physiologists: 

 

                                                      
4 I am regrettably unacquainted with the German literature on energetics. But see Ostwald (1907) for the notion 

of energetics as a worldview and Bensaude-Vincent (2005) for a general introduction. In addition, it is also 

important to note that some other scientists (e.g., the famous Alfred Lotka) presented energetics as a research 

topic (organisms as energy-capturing devices) rather than a worldview (Lotka 1922; Kingsland 2015).  
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It ought, therefore, to stimulate those physiologists who are fully aware of the 

complete inadequacy of their instruments when the most profound manifestations 

of life are to be examined, to try to find new instruments suitable for true and 

proper biological investigation, that is to employ living organisms or surviving 

parts of dead organisms which have been separated or isolated in some way and 

which ought to be rendered capable of revealing the strictly vital manifestations 

which inevitably escape instruments designed merely for the recording of 

temperatures, calories, phenomena of light, electric currents and other similar 

manifestations of the organic world. (153-4) 

As a scientist and engineer, Rignano paid due respect to the logic of science. He 

understood well that in order to establish a respectable theory of vitalism, the concept of 

vital energy, like its counterparts in physics (mechanical, electrical, magnetic, etc.), 

needed to associate itself with laws of energetics, and further offer causal and 

deterministic explanations for testable biological phenomena.  

There was, of course, no logical objection to the assumption that life was vital energy, 

and it was entirely legitimate for Rignano to claim that vital energy was nothing different 

from the “Newtonian force of gravity” (135) or “electrical energy” (136).5 The physiologist 

William Bayliss concurred on this point. According to Bayliss, “the ‘vital principle’ is 

capable of detection and measurement by scientific instruments…”, and “if it frequently 

happens, however, that we are obliged to be content, for the present, with expressing 

some of these conditions referred to as biological laws” (293). Then the possibility existed 

that “there is be found in living organisms a form of energy not met with the non-living” 

(294), and “the particular form of energy in question obeys the laws of energetics and can 

thus be measured by transformation into heat or other known form” (294).  

Nevertheless, Rignano’s energetic vitalism failed to meet his own standards. In the first 

place, although Rignano constantly emphasized the importance of vital laws, he never 

attempted to give a precise formulation. In his book Rignano never provided laws of vital 

energy in the forms of those in physics and chemistry. In the second place, although 

Rignano suggested a few experiments, these were hardly relevant to the concept of vital 

energy. Even worse, Rignano admitted that the vital energy was not yet capable of being 

experimentally confirmed, when he handed this task to future physiologists. In sum, 

though Rignano belittled Driesch’s doctrine of entelechy, his energetic vitalism hardly 

made any genuine progress. When the logical empiricist Frank raised criticisms of 

vitalism, he did not hesitate to put Rignano and Driesch together, since energetical 

vitalism was merely a doctrine in which entelechy became energetic. For Frank, “the 

introduction of a ‘vital energy’ is only a sequel to the mystic-animistic formulation of the 

 

                                                      
5 Rignano’s energetic vitalism received some scholarly attention, see Anable (1947: 14) and Lovejoy (1911: 613). 

For similar formulations of energetic vitalism, see Spaulding (1903, 606) and Haldi (1925). 
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law of energy, where energy appears as a kind of spiritual substance” (Frank 1998/1932: 

140-141).  

As we have seen, Driesch was aware of the doctrine of energetic vitalism, and he 

commented on the supposition of vital energy even in the first decade of the twentieth 

century. According to Driesch, Ostwald suggested that the vital phenomena might be 

results of “some unknown potential forms of energy” (Driesch 1929: 256). It was also 

known to him that energeticists claimed that laws governing entelechy might be laws of 

energetics, and “entelechy is itself a peculiar form of energy” (256). Driesch, however, 

denied the validity of this analogy. For Driesch, an objection to the energeticist view 

based on the concern of “quantities” was absolute: 

All “energies,” actually known to exist or invented to complete the general 

energetical scheme, are quantities, and relate to phenomena which have quantity 

among their characteristics. In asserting these phenomena to be of the energetical 

order, we state that there can be a more or less of them, and that this more or less 

possesses most distinctly the faculty of being measurable, as being equivalent to a 

more or less of actual “work”. (256-7) 

Unlike energy, Driesch declared, “entelechy lacks all the characteristics of quantity: 

entelechy is order of relation and absolutely nothing else” (257). Therefore, Driesch was 

against the identification of the entelechy with any form of energy. He concluded, 

“entelechy was non-energetical” (262). 

2.2.2 Supposed indeterminism from statistical mechanics to biology 

In the nineteenth century, the development of statistical mechanics stood out as one of 

the decisive points that validated the atomistic and mechanistic view of nature (Merz 

1896: 437-441, 1904: 34). Statistical mechanics made it possible to derive the 

thermodynamic properties of the macro-state from the properties of the micro-state. As 

a result, phenomenological laws in thermodynamics were shown to be statistical 

“manifestations” of physical laws at the atomic or molecular level. However, one problem 

arose in this derivation. In the new physics the second law of thermodynamics which 

states that the entropy of an isolated system would always increase in time only 

established itself in a statistical sense, based on probabilistic distributions of the ensemble 

of atoms. A physicist could at most conclude that the entropy of the system would very 

probably increase. But the increase is not guaranteed and it is not impossible that in rare 

cases the second law might be violated. Moreover, from the theoretical point of view, the 

smaller the number of atoms within the ensemble, the higher the possibility of the 

ensemble violating the second law of thermodynamics. Here arose numerous 

speculations for the possibility of vital life (Van Strien 2015).  
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In addition to his experimental work, the Chicago biologist Lillie had a strong interest 

in logical issues in biology. Rare among biologists Lillie also developed a fair knowledge 

in theoretical physics. In the early twentieth century Lillie devoted a couple of articles to 

discuss the implication of statistical mechanics for biology in great theoretical ardor. Now 

let us look at Lillie’s view in detail. In his 1927 article “Physical indeterminism and vital 

action” Lillie noted a similarity between living systems and small-scale non-living systems. 

According to Lillie: 

When we inquire into the special physical peculiarities of living as distinguished 

from non-living systems we are struck by the fact that in the former the 

determining and controlling events are invariably on an extremely small scale. The 

microscope is the chief instrument of biological investigation. In this respect 

biological phenomena are at the opposite pole from astronomical phenomena. In 

the latter the possibility of exact prediction attains its maximum; in vital 

phenomena, on the other hand, prediction is possible only within certain limits; 

variability seems inherent; indeed in the highest manifestations of life prediction is 

not possible at all. It is especially such manifestations that we call "free." Such 

considerations suggest the question: do events cease to be predictable and become 

free when their spatiotemporary scale becomes sufficiently small? At least we must 

regard it not as a coincidence but as highly significant that the only region where 

physical science gives evidence of experimental indetermination, i.e., of externally 

uncontrolled or individual action, is in the field of ultramicroscopic phenomena... 

(140).  

The physical sciences Lillie had in mind were of course statistical mechanics and quantum 

mechanics. For Lillie, theoretical achievements in statistical mechanics and quantum 

mechanics cast doubt on the applicability of “the rule of unequivocal physical 

determination” (140). Lillie continued: 

It follows that the regularity of macroscopic phenomena, in which determinism is 

for all practical purposes complete and trustworthy, is in reality a statistical 

regularity. We are not justified in ascribing a similar regularity to single events in 

the ultramicroscopic field. To a given macroscopic arrangement or condition any 

one of an infinite number of detailed microscopic configurations may correspond. 

Our microscopic picture of the world is not complete, but it already seems clear that 

many of the physical laws with which we are familiar in the realm of macroscopic 

phenomena cease to apply on the scale where events are determined by quantum 

relations or by the "chance" fluctuations of molecular movement. Ultramicroscopic 

phenomena thus give evidence of an ultimate indetermination (defining 

determination in the usual physical sense of quantitative specification of 

conditions), i.e., of control by individual action rather than by statistical or mass 

action. (140) 
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Further, Lillie connected indeterminism in physics at the ultramicroscopic level to 

indeterminism in biology: 

direct evidence of physical indetermination or freedom is thus to be sought 

primarily in the behavior of individual particles in the ultramicroscopic field; 

derivatively, however, we may expect to find it in processes of a larger scale, 

provided these processes are in some way controlled by the ultramicroscopic 

events. Now vital processes appear to be processes of just this kind. Living systems are 

peculiar among the systems of nature in that their characteristic behavior is 

determined primarily by internal activities of a microscopic or ultramicroscopic 

kind; as a rule it is only secondarily, as a result of the characteristic "irritability" of 

living matter, that events in the external world affect the vital processes... 

Individual molecular action may thus become an important factor in the 

determination of processes in the system. (140, emphasis added) 

Finally, Lillie went into wild speculations on how such a connection between biology and 

theoretical physics could be possible. He wrote: 

To illustrate the case in a somewhat more concrete manner: a human action, 

appearing entirely spontaneous and voluntary (free) to both actor and observer, 

would, if analyzed physiologically, exhibit itself as a succession of mechanistically 

determined events in all of its macroscopically observable details. Its special quale 

would, if traced down into the finest possible detail, finally appear as dependent 

upon certain ultramicroscopic events in the nerve cells. What should especially be 

noted is that when these events were finally reached in the analysis no further 

definite physical determination could be assigned. The events might in fact not be 

physically determined-in the sense in which classical physics defines 

determination-but be examples of indeterminism, i.e., of "free" or externally 

uncontrolled individual action. (141) 

Lillie continued elaborating his view in his later articles (1931, 1934, 1938, 1942, 1945, 

1948). Then he introduced “psychic factors” to both biology and small-scale physics, in 

order to overcome the disturbing indeterminism. We shall return to Lillie’s “psychic 

factors” later. 

The physicist Donnan even provided a more sophisticated mathematical argument to 

demonstrate the uniqueness of the phenomena of life. His reasoning was in essential 

agreement with Lillie’s appeal to statistical mechanics: 

Since the probability of any specified fluctuation increases rapidly when the 

number of individuals becomes relatively small and since the physiologist has 

frequently to deal with very small living cells or parts of cells (e.g. nuclei, 

chromosomes, etc.) the question arises as to whether it is justifiable to employ the 

laws of classical thermodynamics when dealing with such minute systems. (1926: 

685) 
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There is no need to repeat all the mathematical details in Donnan’s argument, but the 

essential point he made through his mathematical proof was that W, as “the relative 

thermodynamic probability of the fluctuation as compared with that of the most probable 

or equilibrium state” (687) would be low and even “imperceptible” (687), when the system 

contained a tremendous number of particles, yet W would become high when the system 

was of merely “minute dimensions” (688). Further, for Donnan “it seems...very probable 

that there exist biological systems of such minute dimensions that the laws of classical 

thermodynamics are no longer applicable to them” (688). In other words, the thermo-

fluctuation exhibited in such minute systems would become significant enough to reverse 

the direction determined by the second law of thermodynamics. As a result, at least in 

the case of some minute systems “such laws [the second law of thermodynamics] must be 

replaced by the statistical theory of molecular fluctuation and in the last resort by the 

theory of individual action” (688).  

Let us now summarize these theoretical efforts to connect indeterminism in biology to 

indeterminism in statistical mechanics. The basic logic of these efforts is quite clear, and 

they all started from the idea of determinism in traditional physics. Then biologists found 

out that numerous living phenomena could not be explained by traditional physico-

chemical theories. They were real but, perplexing and unpredictable. At the same time, 

statistical mechanics introduced an element of indetermination into traditional physics. 

According to some physicists and biologists, laws in traditional physics, often presented 

as determinate relations, proved inapplicable to individual particles at the 

ultramicroscopic level. The new statistical mechanics, at least apparently, not only 

showed that individual particles possessed a higher autonomy, but also unveiled the 

nature of laws in traditional physics: the apparent determinism is a mere manifestation 

of statistical regularities. As a result, it was quite natural for some biologists and 

physicists to trace indeterminism in biology to that in statistical mechanics, as if the 

former could automatically find theoretical support from the latter. In the end, it might 

be interesting to note that these theoretical efforts went even beyond, for instance, 

Bergson’s philosophy of life. For Bergson, compared to the realm of matter governed by 

determinism and blind necessity, the realm of life indicated indeterminism and 

creativity. While for Lillie, indeterminism in the realm of life was also to be found in the 

realm of matter, or maybe in even individual particles. 

 

2.2.3 Supposed new laws for life from statistical mechanics 

To trace the indeterminism in biology back to that in statistical mechanics, however, few 

biologists and physicists in the early twentieth century thought it should always remain 

so and that scholars should be satisfied. As alluded above, Lillie requested psychic factors 
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to account for the behavior of individual particles, and Donnan requested “the statistical 

theory of molecule fluctuation” to replace the second law of thermodynamics. Now let us 

start with Lillie’s psychic factors, and slowly it will be clear that these psychic factors only 

differ from Maxwell’s demon and Driesch’s entelechy in name. 

Lillie discussed the possibility of new factors and new laws for theoretical physics (and 

finally for biology), at the end of his 1927 article. He considered one objection. The 

objection went as follows:  

intra-atomic phenomena are not undetermined, but are determined according to 

laws which are still physical laws, however different they may be from those 

prevailing in the macroscopic or mechanical sphere. The stability of an atomic 

system in itself implies strict determinism. (1927: 143) 

On Lillie’s side, he partly accepted this objection, and agreed with the critics that 

“’physical indeterminism’ might by some be regarded as a misnomer” (144). However, 

Lillie insisted that “the older physical conceptions of determinism may not prove 

applicable to the new range of phenomena” (144). Then identify the conditions of the 

determination of these new phenomena, Lillie offered psychic factors, which were 

supposed to “have a directive influence on physical events” (Lillie 1945: 129). Lillie wrote:  

If we accept the prevailing view that the course of physical action, especially on the 

micro-scale, is governed ultimately by conditions of probability, all that the psychic 

factor can consistently be regarded as doing is to make it more probable that the 

critically determinative physical events ("key events") will show a preponderance 

in one direction rather than in another, i.e., will have an asymmetrical and directed, 

rather than a random, incidence. The question is how does the psychic factor effect 

this modification?-since there seems to be no doubt that it does so. The only 

consistent hypothesis known to me is that the ultimate locus of psychical control, 

in the psychophysical system which is the living organism, is situated internally to 

or behind the elementary physical events (ultimately quantum transfers) which 

determine the direction of action in the physical field. (129-30) 

Lillie’s reasoning is clear. According to Lillie, indeterminism in biology and in statistical 

mechanics had a common source, that is, the fact that behaviors of individual particles 

were indeterminate with respect to traditional physics. As a result, new factors must 

come in to offer new sources of determination.6 

 

                                                      
6 Here a new question for Lillie was that were these new factors physical, biological or even psychical? Lillie 

later termed these factors “psychic”, but it will be misleading if we fail to understand Lillie’s philosophy of 

nature which, in principle, rejects such distinctions (in contrast to Schrödinger later on). He wrote: “what 

additional factors must be assumed to account for the directive activities of the living organism? The 

physiologist will think of possible physical factors not yet discovered, e.g., intra-atomic factors controlling the 
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Then it is impossible to miss the similarity between Lillie’s psychic factors and 

Maxwell’s demon. Due to his religious background (Porter 1986: 200, 202), the great 

physicist was anxious to leave some room for life and mind in his lifeless world of 

statistical mechanics. Maxwell was no energetic vitalist, and life for him had no motive 

power. Rather, similar to Driesch, his story involved a vital agent capable of regulating 

and directing energy transfer. According to Maxwell, since the second law of 

thermodynamics was only established in the statistical sense in his new physics, it was 

not impossible to have a vital agent violate the second law on a very small scale. For this 

Maxwell explicitly appealed to his subsequently famous demon, which, like a psychic 

being, was able to “distinguish” between slower molecules and faster molecules, and put 

them into different parts of an isolated system. In consequence, the second law of 

thermodynamics would be violated on a small scale, while the principle of the 

conservation of energy would remain safe. 

As a result of Maxwell’s stature in physics, Maxwell’s demon soon became a popular 

theme of speculation on life and mind. The philosopher of biology James Johnstone, for 

instance, turned to Maxwell’s demon to justify the uniqueness of life. His formulation was 

much bolder, but his reasoning went scarcely beyond Lillie, Donnan and Maxwell. For 

Johnstone, evidence was available to show that “the organism can control the, otherwise, 

un-coordinated motions of the individual molecules” (Johnstone 1914: 118). Supposedly 

according to the theory of Brownian motion, Johnstone further asserted that “a particle 

must be below a certain size in order to be so affected”. Then he tried to make a 

connection to biology. For Johnstone, in the realm of life “organisms of this size”, “ultra-

microscopic organisms” or “biophors” were available. Finally he moved to Maxwell’s 

demon and wrote with no further elaboration that ‘we can almost see Maxwell’s demons 

at work’, and they could “distinguish between the impacts of high-velocity molecules and 

those of mean-velocity ones...and utilize the surplus energy of the former” (Johnstone 

119). 

 

                                                      
time and direction of quantum transfer; the psychologist may point to psychical factors, after the analogy of 

directive voluntary action in human beings; again the vexed question of the psychophysical relationship will 

arise. Here it is not possible to consider this question, beyond noting that in the living organism (any human 

being) observation shows the existence of both factors. To reduce the one kind to the other seems impossible... 

it seems clear that the sharp separation of physical from psychical in ordinary conception cannot correspond 

to a primary division or dualism within nature itself, but is a result of abstraction, fixed by verbal usage; custom 

emphasizes the contrast and disregards a possible unity. But (as Prinzhorn has recently remarked) the concepts 

‘purely psychical’ and ‘purely physical’ must be regarded as fictions; if we accept this conclusion, any real 

natural existent must be regarded as a compound of-or as including within itself-factors having characters of 

both kinds. The single atom would be such an entity; intra-atomic directive factors could not be designated as 

either exclusively physical or exclusively psychical. A unification, for which we have no single term (unless 

psycho-physical), would have to be postulated” (Lillie 1934: 305-6). 
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Recall our discussion of Driesch’s entelechy at the start, I suggest, it is almost 

impossible to miss the similarity between Driesch’s entelechy, Lillie’s psychic factors and 

Maxwell’s Demon. The entelechy had a psychic function, and the Demon obviously 

operated like a psychic being in its picking up fast-moving molecules. As Jan Smuts 

commented, Driesch’s entelechy “evidently corresponds somewhat to Maxwell’s 

mythical demon” (Smuts 1927: 171-172). More importantly, the arguments supporting the 

postulation of the entelechy, the psychic factor, and the demon shared a common 

structure. The starting point was indeterminism: numerous phenomena of life appeared 

indeterminate with respect to traditional physics, and the realm of life seemed to be 

intrinsically associated with unpredictability and creativity. Then it was found that in the 

new physics (e.g., statistical mechanics) indeterminism also had its place, 

unpredictability and creativity were also available in the realm of matter itself. Next the 

connection between life and matter was advanced, as if indeterminism in matter could 

automatically account for that in life. Finally, to make peace with indeterminism, 

speculations turned to the entelechy, the psychic factor, and the demon.  

This argumentative structure could be expressed in a different way, a way more 

congenial to scientific thinking which stuck to determinism (recall Lillie). The starting 

point was the belief that some phenomena of life violated the second law of 

thermodynamics, but such a violation indicated no “breakdown of scientific 

determinism” (Needham 1927a: 84). Then new concepts must be advanced to explain the 

violation, and these concepts were just the entelechy, the psychic factor and the demon. 

Next according to lessons from the new physics, these concepts were supported by recent 

conceptual innovations in physics. These concepts indicated an overcoming of 

indeterminism and a restoration of determinism.  

As far as I see, most speculations on the relation between life and statistical mechanics 

in the early twentieth century ended up with the foregoing argumentative structure, 

even though some of them did not touch the issue of determinism at all. The physicist 

William Swann, for instance, had an entertaining idea for the uniqueness of living 

phenomena. In 1928 Swann had the chance to explain his speculation at the American 

Chemical Society Institute at Northwestern University. In the lecture he started with 

biological phenomena which were still inaccessible to physico-chemical explanations. His 

example concerned muscle contraction. To make sense of muscle contraction due to 

chemical change, if one were not to assume that chemical changes took place 

spontaneously, he/she would have to invoke “nerve stimulus to the muscle”, and finally, 

back to the nerve stimulus connected to the brain. However, this explanatory route could 

in no way come to its end, and it implicitly relied the idea of determinism. But according 

to Swann, determinism after the nineteenth century “is not one which lends itself to our 

liking”, and the only alternative was “the postulation of a sudden suspension of the 

ordinary physical laws” which created “new initial [physico-chemical] conditions”. For 
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Swann, such a postulation constituted a “spontaneous discontinuity”, essential to living 

phenomena. Accordingly, Swann gave a radical interpretation of death: 

Death would constitute as it were the master discontinuity or group of 

discontinuities following which the history of the organism would go on according 

to the ordinary continuous laws of physics without the occurrence of any further 

discontinuities of the kind under discussion. (Swann 1928) 

So, Swann argued that the uniqueness of life lied in its ability to introduce “discontinuity” 

in physico-chemical systems. Importantly, such an introduction of “spontaneous 

discontinuity”, would not affect the operation of physical laws. For evidence Swann 

moved to statistical mechanics, and he said: “the statistical aspect would be the most 

liable to an influence of the vital state…the most outstanding of these physical laws is the 

second law of thermodynamics” (1928). 

In addition to all these bold speculations, the physicist Guye offered a calm but very 

sophisticated reflection in his Physico-chemical evolution (1925). Like Donnan, Guye first 

noted that thermo-fluctuation imposed some limitations on the second law of 

thermodynamics. According to Guye, since the second law held only in the statistical 

sense, “at the moment of equilibrium the system is not in an invariable state, but on 

account of its fluctuations, it oscillates round a most probable value which is its 

theoretical equilibrium” (86). In “the majority of cases” (87), normally fluctuations would 

not be taken into account, “because it assumes them to be without practical importance” 

(87). However, in some rare cases, “the restrictions which fluctuations are capable of 

imposing on the second principle can be much more serious” (87). According to Guye: 

In fact, it is possible to suppose that a fluctuation of large amplitude is able, 

theoretically at least, to make the system return to an anterior state, or even to its 

initial state; thus making the entropy decrease, not only by quantities inaccessible 

to experiment, but making it proceed altogether in the reverse direction. This 

would then be the pure and simple negation of the second principle. (87). 

Further, Guye acknowledged that Maxwell’s demon would indeed be able to accomplish 

this. For Guye, “he [Maxwell’s demon] will be able to cause the entropy to diminish” (100).  

Guye then connected thermodynamics with biology and considered the possibility of 

“the vital principle” operating like Maxwell’s demon. He said:  

Thus it must be assumed, according to this hypothesis, that the vital principle is 

something particularly tenuous and capable of acting on the individual molecules 

after the manner of Maxwell’s demon. To a certain extent, therefore, it will be able 

to cause phenomena to proceed in a direction opposite to that of the statistical 

probabilities which constitute our physico-chemical laws. The vital equilibrium will 

be due then to the fact that the chemical reactions in the interior of the living 

organism will no longer necessarily follow the evolution which tends to make the 
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system change to a more probable. Life will thus be like a struggle against the blind 

laws of chance. (102-3) 

But Guye was much more cautious, and he was quite willing to evaluate this “bold and 

gratuitous” (103) hypothesis like a genuine empirical scientist. While Guye acknowledged 

that such a hypothesis might be relevant to “the insoluble mysteries of life” (103), he 

understood very well that it would be impossible to assess “the entropy of a system as 

complex as a living organism” (103); moreover, a living organism would not at all 

“constitute an isolated system” (103).  

Guye already used the concept of entropy. As a matter of fact, it was then in the early 

twentieth century very popular to express the previous hypothesis in the language of 

entropy. Accordingly, the second law of thermodynamics was termed the entropy 

principle, and a violation of the second law in phenomena of life was called, in 

Schrödinger’s formulation, “life feeds on negative entropy” (we will return to 

Schrödinger in section 3). We have seen at the start that Driesch considered the entropy 

principle in detail. In addition to Guye, Schrödinger and Driesch, another scientist who 

was fond of entropy talk was the American physicochemist Gilbert N. Lewis. In his popular 

seller the Anatomy of Science (1926), Lewis started by noting that “the thought that living 

beings may escape from the law of entropy” had a history, dating back to great physicists 

like Helmholtz and Lord Kelvin. Further, according to Lewis, even though “the few 

experiments which have so far been made with a view of finding an actual reduction of 

entropy in systems containing living organisms have been unsuccessful...it is hard to 

believe that they could be the result of a blind fortuitous shuffling of atoms” (158). In the 

rest of his book, Lewis, similar to all previous biologists and physicists, offered a 

discussion of thermo-fluctuation (150-5), Maxwell’s demon (p147-8), and of course, the 

possibility of utilizing fluctuation by living beings after the manner of Maxwell’s demon 

(161). 

Now after such a comprehensive overview, in the end I want to give the critics a voice. 

One important criticism comes from the biologist A. V. Hill, who emphasized that no 

evidence available could justify the uniqueness of life based on statistical mechanics, even 

though those theoretical efforts could not be rejected a priori. Hill wrote: 

Indeed, it is conceivable that cells can exist in which a means is available of 

bettering even a reversible process. A one-sided, selective permeability, maintained 

by an active, “purposeful”, but molecular mechanism in the cell, something like 

Maxwell’s demon with his trap-door, might enable the cell to evade the statistical 

rules which govern larger systems. Philosophically, perhaps even practically, the 

discovery of such a mechanism, if ever made, will be the greatest step taken by 

science; if life and matter are co-equal and co-eternal, as some believe, it may be 

that life is maintaining the entropy at a reasonable constant level, to enable the 

universe to evade the dilemma of a finite future or a finite past. But, alas, there is 

no evidence. (Hill 1924: 860) 
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It is conceivable that the ultimate minute mechanism especially of the smallest 

living cells, may somehow be able to evade the statistical rules which govern larger 

systems; it may for example like Maxwell's demon be able to sort molecules, to use 

the energy of the more rapidly-moving, to employ a unidirectional permeability, 

and so to avoid the general increase of entropy which appears to be the governing 

factor in all other material change. Such an evasion, if established, would be of 

ultimate philosophical, biological, and practical importance; there is no evidence, 

however, of any value, that it really occurs. (862) 

2.3 Vitalism and quantum mechanics 

Quantum mechanics was born in the first decade of the twentieth century, with Max 

Planck’s study on black-body radiation and Einstein’s work on photoelectric effects. It did 

not flourish, however, until Erwin Schrödinger, Niels Bohr and others’ reformulations in 

the 1920s. The heyday of Driesch’s vitalism was in the first decade, so as we have seen, 

Driesch’s own speculation on vitalism and physics did not take quantum mechanics into 

account.7 Speculations on the relation between vitalism and quantum mechanics started 

to flourish after the emergence of the latter. Starting from the 1920s, several physicists 

turned to quantum mechanics for new insights to understand the nature of life. In 

general, in most cases the basic (transcendental) logic of all these speculations from 

quantum mechanics possessed little difference from that based on statistical mechanics. 

They started from indeterminism and some further envisaged new laws for life in 

quantum mechanics. There might be one significant difference: unlike the case of 

statistical mechanics, the idea of holism played a more discernable role in speculations 

from quantum mechanics. In this section we shall start from indeterminism and conclude 

with holism. 

2.3.1 Supposed indeterminism from quantum mechanics to biology 

Compared to statistical mechanics, quantum mechanics represented an important 

advancement to substantiate the idea of indeterminism. If statistical mechanics only 

 

                                                      
7 But since Driesch continued being a vitalist until his death, it is unlikely that he failed to discuss the new lesson 

from quantum mechanics. So Driesch might have contributed interesting discussions in his German 

publications. however, as far as it concerns Driesch’s English publications, he did not take quantum mechanics 

into account.  
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vaguely suggested that individual particles might behave in an indeterminate way, 

quantum mechanics, especially through Schrödinger’s statistical laws, made this point 

more substantial and convinced the majority of physicists. Perhaps the best 

representative speculation relying on quantum indeterminism came from the physicist 

Pascual Jordan. Jordan not only made significant contributions to quantum mechanics, 

he also held a strong interest in biology. However, since Jordan’s speculation largely 

remains untranslated, I will turn to Beyler’s dissertation (1994) for an overview of 

Jordan’s speculation. Jordan’s basic logic, indeed, possessed little difference from that 

based on statistical mechanics.  

The starting point of Jordan’s speculation was his conviction of the breakdown of 

determinism in quantum mechanics. In Beyler’s words, Jordan as early as 1927 declared 

“the overthrow of determinism in quantum physics and the renunciation of a causalistic 

metaphysics” (Beyler 1994: 109). In the second step Jordan moved to the organism. Here 

Jordan used a very acute term to designate the transition from quantum indeterminism 

to biological indeterminism, that is, “amplifier”. Jordan declared, “In organic nature it is 

characteristic that the acausality of certain atomic reactions is amplified to 

macroscopically effective causality” (Jordan 1932; quoted from Beyler 1994: 113). After 

this Jordan distinguished two zones of the organism:  

First, the zone of macrophysical causality, in which all reactions take place in an 

observable way according to causal mechanical and chemical laws. Second, the zone 

of the “directing” reactions which are played out in very small quantities of 

substance...[and] which therefore...are not causally determined. (Jordan 1932, from 

Beyler 1994: 115) 

Jordan’s third move was admirable. In his later career Jordan tried to articulate a new 

biology he termed “quantum biology”, and unlike previous physicists and biologists, he 

went to concrete biological knowledge to look for signs of indeterminism. According to 

Beyler, Jordan continued searching for “indeterministic centers of biological control” 

(316). Beyler recorded Jordan’s detailed efforts of theorizing (355-96). Essentially, Jordan 

relied on the so-called target theory in biophysics. According to the target theory, to 

tackle biological variability one should look for corresponding differences in underlying 

physical systems (as “targets”). Then for Jordan, differences due to quantum 

indeterminacy at the physical level would be amplified to differences at the biological 

level. 

2.3.2 Supposed new laws for life from quantum mechanics 

Like that in statistical mechanics, with respect to the classical ideal of physics, quantum 

mechanics appeared to leave some phenomena about individual particles indeterminate. 

Clearly, this ran parallel to the fact that with respect to physico-chemistry numerous 
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biological phenomena remained indeterminate. Then, as physicists like Jordan imagined, 

indeterminism in biology was a consequence of “amplifying” quantum indeterminism. 

Further, as we have seen, scientists requested new laws to account for behaviors of 

individual particles and further living entities. Yet since statistical mechanics in the early 

twentieth century remained impotent to theorize on individual particles beyond 

traditional physics, for these laws, quite naturally, physicists turned to quantum 

mechanics.8 

The famous fascinating figure was of course the great physicist Schrödinger, who 

indeed gave laws for individual H particles (as some earlier physicists like Donnan 

envisaged), and his influential lectures on what is life (1992/1944), which inspired 

numerous physicist to pick up biology.  To be sure, Schrödinger also speculated on 

vitalism and statistical mechanics, and was responsible for the celebrated formulation, 

“life feeds on negative entropy”. However, it was to be noted that Schrödinger also aimed 

to show that how life fed on negative entropy. Even though Schrödinger’s reasoning 

possessed little difference from that of Lillie, let me still provide a detailed overview. 

Schrödinger started with statistical mechanics and emphasized the statistical nature 

of physico-chemical laws. He wrote: 

Because we know all atoms to perform all the time a completely disorderly heat 

motion, which, so to speak, opposes itself to their orderly behavior and does not 

allow the events that happen between a small number of atoms to enroll themselves 

according to any recognizable laws. Only in the cooperation of an enormously large 

number of atoms do statistical laws begin to operate and control the behaviour of 

these assemblees with an accuracy increasing as the number of atoms involved 

increases. It is in that way that the events acquire truly orderly features. All the 

physical and chemical laws that are known to play an important part in the life of 

organisms and orderliness that one might think of is being perpetually disturbed 

and made inoperative by the unceasing heat motions of atoms. (10) 

For Schrödinger, statistical mechanics indicated that the condition of “large number of 

atoms” was indispensable to the proper function of ordinary physico-chemical systems 

and their laws. Then accordingly, from the traditional standpoint, the existence of 

biological systems presented no problem, because biological systems appeared to possess 

large number of atoms: 

You see from this again that an organism must have a comparatively gross structure 

in order to enjoy the benefit of fairly accurate laws, both for its internal life and for 

 

                                                      
8 To be fair, scientists like Lillie (mentioned in the previous section), when they wrote after the 1920s, already 

touched on this point. But for the sake of a subject-based illustration, I chose not to put it into 2.2, which deals 

with vitalism and statistical mechanics.  
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its interplay with the external world. For otherwise the number of cooperating 

particles would be too small, the “law” too inaccurate. (18) 

Thus we have come to the conclusion that an organism and all the biologically relevant 

processes that it experiences must have an extremely “many-atomic” structure and must 

be safeguarded against haphazard, “single-atomic” events attaining too great 

importance. That...is essential, so that the organism may, so to speak, have sufficiently 

accurate physical laws on which to draw for setting up its marvelously regular and well-

ordered working...For, naturally, not only the body of adult individual of any higher 

species, but every single cell composing it contains a “cosmical” number of single atoms 

of every kind. And every particular physiological process that we observe, either within 

the cells or in its interaction with the environment, appears-or appeared thirty years ago-

to involve such enormous numbers of single atoms and single atomic processes that all 

the relevant laws of physics and physical chemistry would be safeguarded even under the 

very exacting demands of statistical physics in respect of “large number” ... (19-20) 

Yet Schrödinger thought that “this opinion would have been a mistake”, seen from 

new discoveries in genetics (the hereditary mechanism: mutation-quantum jump). He 

further wrote: 

As we shall presently see, incredibly small groups of atoms, much too small to 

display exact statistical laws, do play a dominating role in the very orderly and 

lawful events within a living organism. They have control of the observable large-

scale features which the organism acquires in the course of its development, they 

determine important characteristics of its functioning; and in all this very sharp 

and very strict biological laws are displayed. (20) 

Keeping this in mind, Schrödinger could not avoid being disturbed by the following 

question: 

How can we, from the point of view of statistical mechanics, reconcile the facts that 

the gene structure seems to involve only a comparatively small number of atoms 

(of the order of 1000 and possibly much less), and that nevertheless it displays a 

most regular and lawful activity-with a durability or permanence that borders upon 

the miraculous? (46) 

His solution was no news at all, from the logical point of view: 

Living matter, while not eluding the “laws of physics” as established up to date, is 

likely to involve “other laws of physics” hitherto unknown, which, however, once 

they have been revealed, will form just as integral a part of this science as the 

former. (68)  

But Schrödinger could in his time turn to quantum mechanics: 
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We must be prepared to find a new type of law prevailing in it. Or are we to term it 

a non-physical, not to say a super-physical law? No. I do not think that. For the new 

principle that is involved a genuinely physical one: it is, in my opinion, nothing else 

than the principle of quantum theory over again. (81)9 

Other than Schrödinger, another giant physicist who drew lessons for biology from the 

new quantum mechanics was Bohr. But in comparison to the first two, Bohr was rather 

modest and less inclined to giving bold speculations. In 1932, Bohr gave the later famous 

lecture “Light and Life” at the opening meeting of the International Congress on light 

therapy. At the start Bohr frankly acknowledged his incompetence in biology, and he 

stated clearly that the aim of his lecture is to explore “the problem of what significance 

the results reached in the limited domain of physics may have for our views on the 

position of living organisms in the realm of natural science” (Bohr 1933: 421). In physics, 

of course, the most significant event in Bohr’s time was the rise of quantum mechanics. 

For Bohr, “the recent development of the atomic theory” revealed “an essential limitation 

of the mechanical description of natural phenomena” (421). Bohr considered such a 

limitation to be reflected in the indispensability of the complementary mode of reasoning 

in quantum mechanics. for light quanta and other “particles”, the wave mode and the 

particle mode were both necessary (for distinctive set of phenomena), and both modes 

had their corresponding laws.  

From this complementarity principle Bohr drew his lesson for biology. Unlike Jordan, 

Schrödinger and many others, Bohr started from neither indeterminism nor new laws in 

quantum mechanics. Instead, he appealed to the following analogy: 

The existence of life must be considered as an elementary fact that cannot be 

explained, but must be taken as a starting point in biology, in a similar way as the 

quantum of action, which appears as an irrational element from the point of view 

of classical mechanical physics, taken together with the existence of elementary 

particles, forms the foundation of atomic physics. The asserted impossibility off a 

physical or chemical explanation of the function peculiar to life would in this sense 

be analogous to the insufficiency of the mechanical analysis for the understanding 

of the stability of atoms...This fundamental difference between physical and 

biological investigations implies that no well-defined limit can be drawn for the 

applicability of physical ideas to the phenomena of life, which would correspond to 

 

                                                      
9 Schrödinger appeared quite insistent that such a new principle must be physical (in contrast to Lille), and he 

dismissed the idea of vital force: “that is not on the ground that there is any ‘new force’ or what not, directing 

the behaviour of the single atoms within a living organism” (76). 
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the distinction between the field of causal mechanical description and the proper 

quantum phenomena in atomic mechanics. (458)10 

Bohr was modest. he only compared life to “the quantum of action” and he mentioned no 

new laws of life analogous to, or even derivable from, laws of quantum action.  

In the end I also want to leave some room for the critics. The logical empiricist Frank 

in the early twentieth century remained suspicious of the transition made from quantum 

mechanics to biology, even though he did not, in principle, object to Bohr’s speculation. 

Frank called for a more accurate understanding of quantum mechanics. According to 

Frank, quantum mechanics showed that “atomic processes cannot be described in the 

language of classical physics” (Frank 1949: 169). Then similarly, as Frank maintained, “to 

describe the phenomena of life in a language which is not that of physics or chemistry is 

logically free from objections” (168). Somehow Frank was sympathetic with this 

suggestion: 

If we wish to extend this reasoning from the inanimate to the animate, we must 

accept it as an experimental fact that an observation by physical means, sufficiently 

accurate to enable one to describe exactly the physical state of the individual atoms 

of a living body, represents so great a disturbance that it kills the organism. It 

follows then that classical physics, aided by quantum mechanics (of inanimate 

atoms), is inadequate for the description of the phenomena of life, since it is 

incompatible with the application of physics to the living organism that the latter 

should be killed by every act of exact measurement. (169) 

However, similar to Hill’s comments on Maxwell’s demon, Frank was rigorous and 

requested empirical evidence: 

The strength of the quantum theory lies in the fact that no hypothesis about the 

atom based on classical physics could be found that was in agreement with the 

experimentally testable behavior of observable bodies. If the testing of a hypothesis 

about atoms through direct measurements of their mechanical state (position and 

velocity) had not been in contradiction with empirical facts, the hypothesis would 

have remained within the framework of classical physics. Since, however, quantum 

mechanics does involve contradiction, it goes beyond classical physics. 

If we wish to retain the same chain of ideas for the transition from inanimate to 

living bodies, then empirical evidence must be presented to show that the exact 

physical observation of the atoms of a living body is incompatible with the known 

empirical laws for the behavior of living bodies and with the physical hypothesis 

 

                                                      
10 Bohr re-affirmed this point about 30 years later: “stressing the difficulties of keeping the organisms alive 

under conditions which aim at a full atomic account I therefore suggested that the very existence of life might 

be taken as a basic fact in biology in the same sense as the quantum of action has to be regarded in atomic 

physics as a fundamental element irreducible to classical physical concepts” (Bohr 1963/1962: 26). 
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about their atomistic structure. As long as this evidence has not been submitted, if 

follows from Bohr’s train of thought that in biology, in the present state of our 

knowledge, the complementarity mode of expression is possible and perhaps even 

desirable. In contrast, for the transition from classical physics to quantum 

mechanics one can conclude that in atomic physics the complementarity mode of 

expression is necessary. (169-70) 

 

2.3.3 Holism 

In previous speculations in statistical mechanics and quantum mechanics, scientists 

turned to individual particles and envisaged new laws for small molecules governing 

living beings. However, quantum mechanics also revived a different strand of 

speculations, that is, quantum holism. Accordingly, these speculations highlighted the 

concept of organization. 

One of the best scientist-representatives of this strand of speculations is the great 

English biologist J.S. Haldane. Haldane made contributions in a variety of bio-disciplines. 

He was famous for his detailed study on respiration, and he was also the inventor of 

important tools and models, such as the gas mask. In addition to his scientific career, 

Haldane also led a philosophical life. He devoted his later years to laying out a solid 

foundation for all sciences. For Haldane, that was the task of philosophy. In several 

occasions Haldane articulated his view of philosophy. For instance, in his 1928 The Sciences 

and Philosophy (Gifford Lectures) Haldane claimed: 

The difference between any branch of science and philosophy is that in formulating 

its conclusions philosophy attempts to take into consideration, not simply a part, 

but the whole of our experience...the task of philosophy is to form as consistent as 

possible a general conception of this apparently confused collection of experiences, 

so that we can guide our conduct in accordance with the general conception...here 

philosophy comes into living contact with the principles of the sciences, as well as 

with religious beliefs. (Haldane 1928: 4) 

Haldane’s conception alluded to one important type of traditional philosophy that tended 

to capture human experience as a whole and put different areas of scientific knowledge 

into a unified framework.  

Further, according to Haldane, the philosophy that dominated the whole nineteenth 

century was the mechanistic worldview. He wrote: 

The broad general assumption made in the physical sciences, and apparently forced 

on them observation of inorganic phenomena, is that the visible and tangible world 

consists of independent and permanent “bodies” or masses, with equally 



 

124 

permanent and unchangeable properties, though visible bodies are only aggregates 

of the elementary bodies known as atoms, or, pressing the analysis further, 

electrons and protons; that these bodies act upon one another in accordance with 

their properties; and that the sum of their mutual actions, expressed as energy, can 

and must be regarded as constant no less than the bodies themselves, expressed as 

mass. (Haldane 1928: 8-9) 

Clearly, Haldane considered elementary bodies such as atoms, electrons and protons to 

be “fundamental” entities in the mechanistic worldview. In Haldane’s mind, however, the 

mechanistic worldview was close to being bankrupt because of the rise of quantum 

mechanics. For Haldane the new physics proved that the mechanistic worldview was an 

illusion. He declared with enthusiasm that “one discovery after another has shown that 

what was previously taken as inert matter is in reality a center of intense activity” (9). 

Haldane found the new physics attractive, because it appeared to oppose the mechanistic 

worldview that sustained the myth of inert matter. 

However, all the more important for Haldane was that the new physics was quite 

intimate to biology, in that they both opposed the mechanistic worldview. For Haldane, 

the mechanistic worldview was equally unacceptable in biology, because “it gives no 

account of the coordination which is characteristic of all vital activity, and leads 

investigators to ignore the coordination” (1928: 75). Then Haldane attributed the source 

of vital activity to organization (rather than individual particles). He wrote in his 1935 

The Philosophy of a Biologist: 

Life implies constant activity, and the vital principle was accordingly regarded as 

something essentially active, constantly controlling, and therefore interfering 

with, physical tendencies towards disintegration of organic structure, and 

constantly building up new organic structure in the processes of nutrition and 

reproduction. No mere physical or chemical account of essential organic processes 

could therefore be valid or true to nature. (1935: 14-5) 

When we examine closely the characteristic features of life we find that although 

every part and activity of a living organism or of the environment connected with 

it appears to be determined by its relations to other parts and activities, yet the 

determination is normally so coordinated with the other parts and activities that 

the specific structure and activities of the organism are maintained or reproduced. 

Though, therefore, there is constant activity or process in every part of the 

organism, each activity or process, together with the normal structure, which is 

only an expression of this activity, tends to be maintained or reproduced in a 

certain specific manner. Hence to describe the phenomena we are compelled to 

assume that though any detail which we perceive may appear superficially to be an 

isolable physical or chemical phenomenon, yet the isolation is only apparent, and 

the phenomenon is really an aspect of the particular form of maintained co-

ordination which we call a life. (1935: 18) 
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Different from Lillie and Schrödinger previously, Haldane did not trace the source of life 

back to individual particles. In Haldane’s mind, the source was to be found in 

organization.  For Haldane, biology concerned coordinated wholes, and holism was 

essential to biology. 

Haldane made a more fascinating move, when he started to relate holism in biology to 

that of quantum mechanics. Haldane made a few interesting remarks in several different 

lectures:  

The new conception of the atom, as revealed by the discovery of radio-activity, and 

the investigations of J. J. Thomson, Rutherford, Planck, Niels Bohr, and others, in 

conjunction with those of Einstein, bears striking resemblances to phenomena 

which biological investigations presents. (1928: 16) 

Nevertheless, on the new theory of the atom its form is specific, and the expression 

of specific activity, just as is apparently the case in a living organism; and since 

visible bodies are made up of atoms, and ‘cohere’ in virtue of atomic properties, we 

are justified in assuming behind all superficial appearances the inorganic world 

may in reality be constituted on principles similar to those which we seem to find 

exemplified when we study life. (17)  

It is commonly argued that if we accept completely the fact of evolution, we have 

also accepted the conclusion that life has in some way arisen out of conditions 

which can be described completely in traditional physical and chemical terms. Thus 

though we cannot at present understand how such a phenomenon as life could 

originate out of such conditions, and the attempts hitherto made to make the 

origination intelligible have been simply childish, we must nevertheless assume 

that there has been such an origination. We need, however, make no such 

unintelligible assumption; for we are free to conclude that when we examine more 

completely what we at present call the inorganic world we shall find in it 

phenomena which are the same as those of life. (29) 

But recent advances in physics have brought us much nearer to such a conclusion. 

An atom, or even an electron, or light quantum, is for recent physics something of 

which the existence, like that of a living organism, is an expression of ceaseless 

coordinated activity, incapable of being interpreted in mechanical terms as that of 

a mere particle in the old sense. (30) 

Haldane’s use of quantum mechanics to make a case for biology can be summarized as 

follows. For Haldane, both quantum mechanics and biology opposed the mechanistic 

worldview and focused on phenomena of organization and coordination in the natural 

world. The new physics seemed to indicate that vital activity was also available in matter, 

and this was aligned with biology.   

The idea of holism was entertained, not only by prominent scientists but also by 

popular science writers. One seminal example of the latter was the former prime minister 

of South Africa, General Jan Smuts. Even though Smuts led “a busy public life” (Smuts 

1927: x), he had an intense enthusiasm for knowledge. In 1927 he published Holism and 
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evolution, and one of his ambitions was to bridge the great gap between matter and life 

(and mind, of course) with a new philosophy of holism. At the start, Smuts blamed the 

lack of sensitivity about the great gap among contemporary authors. He wrote: 

Among the great gaps in knowledge those which separate the phenomena of 

matter, life, and mind still remain unbridged. Matter, life, and mind remain utterly 

unlike each other. Apparently indeed their differences are ultimate, and nowhere 

does there appear a bridge for thought from one to the other. And their utter 

difference and disparateness produce the great breaks in knowledge, and separate 

knowledge into three different kingdoms or rather worlds. And yet they are all 

three in experience, and cannot therefore be so utterly unlike and alien to each 

other. What is more, they actually intermingle and co-exist in the human, which is 

compounded of matter, life, and mind. If indeed there were no common basis to 

matter, life, and mind, their union in the human individual would be the greatest 

mystery of all. (2) 

For Smuts, since matter and life remained unbridgeable, a new philosophy must be 

advanced to offer a unified account of these two types of phenomena. To do this, like 

Haldane, Smuts also turned to the new physics of quantum mechanics for help. Smuts 

commented on the traditional concept of matter: 

...the old concept of matter as dead, passive, inert is clearly inconsistent with the 

recent developments of physical science. The old contradictory notion of dead 

matter as the vehicle and carrier of life must disappear in the light of our new 

knowledge. (52) 

Like Haldane, Smuts was inspired in the new concept of matter in quantum mechanics: 

matter was also active! Convinced that the gap between matter and life should be 

removed, Smuts turned to holism for a unification. On this he wrote: 

Both matter and life consist of unit structures whose ordered grouping produces 

natural wholes which we can bodies or organisms. This character of “wholeness” 

meets us everywhere and points to something fundamental in the universe. 

Holism...is the term here coined for this fundamental factor operative towards the 

creation of wholes in the universe. (87-8) 

It is not difficult, indeed, to understand that such wild speculations were very appealing 

in early-twentieth-century Europe, given its particular political and cultural 

environments.  

Some other scientists, in contrast, were more serious and were more willing to 

consider the possibility of applying the idea of holism to biology. The physicist B. Bavink 

made such an effort and emphasized the importance of a new mathematics. Bavink was 

interested in biology, and he was eager to see how the problem of life could be solved, 
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“from the point of view of the new physics” (Bavink 1934: 102). Relying on holism, Bavink, 

unlike Lillie and Schrödinger, worried that living organizations were too large: 

But matters are otherwise in the case of the extremely complicated structures of 

the organic cell constituents, those which go to make up the real basis of life, 

protoplasm. Here the influence of fluctuations obviously becomes so great that 

complexes of variable size can occur with considerable probability, and we no 

longer have strictly defined chemical individuals, but only an assortment of 

different molecular structures, differing perhaps not only in size, but also 

somewhat in constitution. (107) 

Chemistry, which is the science of the fine structure of matter, must have not only 

a lower limit but also an upper limit. This limit is reached when the complication of 

the structure is so great that its repetition becomes sensibly improbable. (108) 

It is not the case that Bavink failed to realize the impact of quantum mechanics; yet unlike 

Lillie and Schrödinger, he did not go directly to the new physics for laws of life. Instead, 

he judged that biological structures were so complicated that ordinary physico-chemical 

laws were no longer effective. Bavink wrote: 

But if this is true, then “chance”, that is to say the determination of the singly-

occurring elementary event, which is not calculable, suddenly plays a decisive part 

again in what hitherto had been determined with absolute certainty by statistics. 

The world would then be so constituted - it would not be remarkable if it were so - 

that its foundation, the elementary act, would be completely free (or a matter of 

chance), while the resulting structure would be statistically calculable with at first 

moderate, then ever increasing accuracy as far as the realm of physics and 

chemistry, while at a sufficient degree of complication, an upper limit to the 

applicability of statistics would be reached, since we should then be dealing with 

structures which on account of their complication would only be very rarely, and 

finally never, repeated. (107-8) 

Bavink was clearly inspired by the new physics. According to Bavink, different rules 

governed different levels of organizations: at the bottom “chance” ruled the 

“elementary” event; in “the realm of physics and chemistry” certain statistics was 

applicable; “at a sufficient degree of complication” such statistics became useless. Bavink 

considered biological structures to be these complicated organizations. So similar to Lillie 

and Schrödinger, Bavink requested new laws for life, not for individual particles but for 

biological structures themselves: 

If now new organic forms possess the power of assimilation and self-regulation-and 

these are certainly two of their most important powers-they must obviously 

possess a very high degree of complication, hence a lower limit to this complication 

may exist, below which such forms are not possible. The Gestalt mathematics of which 

we are speaking must now be able to show that this lower limit of all organic forms is identical 
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with the upper limit of chemistry; that is to say, there must be a kind of ‘critical region’ in 

which, when the new mathematics is applied to the real world, the transition between the 

more general Gestalt mathematics and the special case of mathematics of magnitude takes 

place. If this could be demonstrated, we should really understand the existence of 

the realm of living things, without bad vitalistic reasoning, but as a consequence of 

a logic immanent in things themselves; and again, there would be a clear division 

between the realm of the living and that of dead matter. (115, emphasis added) 

So according to Bavink, as long as the complication of structures and organizations went 

sufficiently high, “the logic immanent in things themselves” would ensure that these 

structures and organizations becoming alive. For Bavink, “the essence of the problem is 

to find means to understand the great gap between life and death, in spite of the identity 

of substance.” (116) To solve this problem Bavink dismissed vitalism but placed 

confidence in his Gestalt mathematics: 

Vitalists have realized its existence but have mistakenly supposed themselves to 

have solved it [the problem] inserting their “entelechy” or what not into the gap...A 

Gestalt theory of the kind of which we are postulating could justify itself in no 

better way than by solving this problem, and demonstrating the existence of a 

natural frontier which appears of necessity at a quite definite and critical degree of 

complication. (116) 

Regarding the question what the Gestalt mathematics would be like, Bavink was not clear. 

But apparently it was a new mathematics of “form”, indicating “a totality, which 

determines all its parts or elements, and conversely, is determined by these” (113). As a 

matter of fact, Bavink’s hope on the new mathematics was quite high: 

Let us assume for the present the possibility of such a new stage of mathematical 

thought, and ask ourselves how the problem of biology would then stand in the 

light of it. Our wonder has often been expressed concerning the “pre-establised 

harmony” which exists, and always has existed. (114) 

Bavink knew that such a new mathematics was not available yet, so he turned to the 

history of mathematics for a moderate justification. According to Bavink, “in the time of 

Galileo and Kepler”, the later indispensable tool in mathematical physics, that is, 

differential calculus, “may appear fantastic for the moment; the future will show where 

the truth lies” (113). 

We have seen that Frank was suspicious of, but in general not hostile to speculations 

on the possibility of new laws for biology from quantum mechanics. However, Frank 

remained harsh on speculations from holists. For Frank, such speculations represented 

“a partial return to the spiritualistic or animistic doctrines of the Middle Ages” (124). 

Frank clarified the basic logic of these speculations. According to Frank, in the first place, 
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there was a misunderstanding of previous physical theories as supporting some 

materialist metaphysics. Frank observed that: 

The assertion is often heard that there is also a philosophic interpretation of 

physical theories in the service of a materialistic-metaphysical picture of the world. 

(Frank 1949: 159)  

Some are of the opinion that the new physical theories of the twentieth century 

have brought about a change in the general conception of the world as important 

as that caused by the physics of Galileo, which replaced the animistic conception of 

the Middle Ages by the mechanistic one of modern times. (Frank 1949: 123). 

Further, according to Frank, the new physics of quantum mechanics, which went beyond 

traditional physics, was cited as a revolt against materialist metaphysics, and thus 

indirectly a support for anti-materialist metaphysics. Frank wrote: 

According to their [anti-materialists’] argument, on the basis of ...quantum 

mechanics one can set up a conception of nature...which is compatible with an 

‘antimechanical, organismic, independent’ biology. (Frank 1949: 125) 

For Frank, the logic of these speculations was simple and clear: 

The process of thought leading to them consists of two steps. First, physical 

propositions that are really statements about observable processes are regarded as 

statements about a real, metaphysical world. Such statements are meaningless from 

the standpoint of science, since they can be neither confirmed nor contradicted by 

any observation. The first step is therefore the transition to a meaningless 

metaphysical proposition. In the second step this proposition, by means of a rather 

small change in wording, goes over into a proposition which again has a meaning, 

but is no longer in the realm of physics; it now expresses a wish that people should 

behave in a certain way. This proposition is then no longer metaphysical, but has 

become a principle of morality, of ethics, or of some other system of conduct” 

(Frank 1949: 161). 

Finally, it is to be noted that there was a reason why Frank remained harsh on these 

speculations. As Frank showed, these wild thoughts were not new at all, and they were of 

no relevance to the progress of physics:  

In the process of eliminating the ‘animistic’, nothing has been changed in the 

slightest by the modern physical theories. This process continues irresistibly 

forward as before. He who would interpret physics by means of ‘psychic factors’ 

had at the time of the physics of Galileo and Newton the same justification as today. 

The role of the ‘psychic’ has remained exactly the same. Hence, if there does exist 

today a greater tendency toward spiritualistic interpretation, it is connected only 

with processes that have nothing at all to do with the progress of physics. (Frank 

1949: 126) 
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In opposition to the materialistic social theories there have come into the 

foreground movements based on an “idealistic” picture of the world. These 

movements seek support in an idealistic or spiritualistic conception of nature. Just 

as at the end of the nineteenth century analogous movements made use of 

energetics, the electromagnetic picture of matter, and so on, to prophesy the end 

of “materialistic” physics, so today...quantum theories are being used. All this, 

however, has no real connection with the progress of physics. (Frank 1949: 137) 

Frank was correct. Now it is time to turn to an earlier strand of holist speculations starting 

from the late eighteenth century which included “the electromagnetic picture of matter”.  

 

2.4 Vitalism and physical concepts of the field 

Frank complained that holist speculations were not new. As a matter of fact, it was quite 

common for philosophers after the seventeenth century to fly the banner of holism, 

vitalism and idealism to oppose atomism, mechanism and materialism. The latter three 

were often treated as supporting the mechanistic worldview, a metaphysical obstacle the 

first three claimed to overcome. Indeed, since the late seventeenth century, several 

achievements in physics had been used to support the revival of the holistic, vitalistic and 

idealistic worldview. All of them, though sometimes anachronistically, were related to 

the concept of field.  

The starting point was Newton, whose achievements in mathematical physics 

impressed eighteenth-century philosophers. Newtonianism, whatever it meant then, 

flourished in both Britain and the continental Europe. Newton’s empirical achievements 

included the principle of gravity. Newtonianism, however, went far beyond that. A 

speculative strand of Newtonianism took gravity to be a form of mutual attraction 

between matter, and mutual attraction as such was read as the source of vital power 

possessed by living organisms. A less speculative and more positivistic strand of 

Newtonianism suggested that life operated in a way that was analogous to that of gravity. 

When it came to the nineteenth century, gravity was sometimes conceptualized through 

the concept of the field, as the gravitational field. The concept of the field first appeared 

in the late eighteenth century and was later consolidated in electromagnetism. In the 

mature phase of electromagnetism, thanks to theoretical efforts of great physicists such 

as Michael Faraday, William Thomson and James Maxwell, the concept of the 

electromagnetic field, like the concept of gravity, received a precise mathematical 

formulation. According to the historian of physics Max Jammer (1980), the history of 

physics is largely the struggle between two viewpoints, that is, the field and the particle. 



 

 131 

For Jammer, it was not a bad idea to interpret this struggle as one between vitalism and 

mechanism (Jammer 1980, quoted in Bischof 1995). While mechanism and the particle 

viewpoint appeared to focus on physical parts, vitalism and the field viewpoint stresses 

the inter-connections between physical parts and focuses on the global structures of 

physical systems. As a result, the principle of gravity and the principle of 

electromagnetism were both in this sense holistic and they offer mathematical 

formulations of relational properties possessed by respective physical organizations. 

This holist reading of the concept of the field and field theories in physics inspired 

speculations about life.  From the eighteenth century to the middle of the twentieth 

century, quite a few natural philosophers and scientists were interested in appealing to 

the concept of the field to understand the nature of life. More specifically, the vital 

principle was compared to the principle of gravity or the principle of electromagnetism. 

Now in the following we shall offer a careful illustration.  

 

2.4.1 Newtonianisms in the eighteenth century 

After Newton made great empirical success in classical mechanics, various tendencies 

within his scientific, philosophical and theological writings were more explicitly 

endorsed by his followers, who were generally termed “Newtonians” (Schofield 1978; 

Shank 2008; Wolfe 2014). Although the popularity of Newtonianism attested the influence 

of Newton’s legacy, it was not surprising that some of his followers held developed almost 

opposite views (Biener and Schliesser eds. 2014). Concerning the life-gravity analogy two 

kinds of Newtonians come to our attention. They relied on almost opposite tendencies 

within Newton’s writings.  

The first tendency was close to what we call positivism today. It was symbolized in 

Newton’s famous statement, “I feign no hypotheses”. While of course it is debatable 

whether Newton faithfully followed this maxim, a few Newtonians in the eighteenth 

century did tend to emphasize the priority of experience over speculation in scientific 

investigations. As the great French historian of biology George Canguilhem summarized 

for eighteenth-century biology, “Eighteenth-century vitalists are...prudent positivists, 

which is to say, in that period, Newtonians”, and they were only “concerned with 

observation and experiment” (Canguilhem 2008/1965: 122; also see Wolfe 2014). The 

second tendency developed out of Newton was more speculative in character. As we read 

in Newton’s General Scholium (2009/1729) , he claimed, “a certain most subtle 

Spirit...pervades and lies hid in all gross bodies”. Indeed, Newton’s subtle Spirit unified 

the three realms of matter, life and mind, and the principle of gravity was treated as a 

mere “manifestation” of Spirit in the realm of matter. Further, importantly, construing 

the principle of gravity as a more general principle of attraction, contra Cartesian 
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materialism, more speculative Newtonians essentially activated or animated the realm of 

matter. 

Despite the antagonism between positivism and speculative philosophy, vitalism could 

find its support within both tendencies, through the life-gravity analogy. In the case of 

positivistic Newtonians, they chose to be silent on the metaphysical question of the 

nature of gravity and focused instead on phenomena of gravity. Similarly, naturalists 

motivated by this tendency were more inclined to take an agnostic attitude towards the 

question of the nature of life, and they thought that it would be much more fruitful to 

study phenomena of life. In contrast, as regards the life-gravity analogy, speculative 

Newtonians gave it a more ontological flavor. In this case, the principle of gravity was 

more generally termed the principle of attraction, and attraction was treated as an 

essential property of matter. As a result, phenomena of life would appear to be more 

intelligible: attraction indicates life. 

Directly by Hall (1968) and Wolfe (2014), indirectly by Lenoir (1982), Guerrini (1985, 

1987), Reill (2005) and many others, statements employing the life-gravity analogy in the 

eighteenth century have been treated in an extensive manner. So here we only look at 

several examples from some contemporary naturalists, anatomists, and physiologists. In 

accordance with the positivism-speculative philosophy distinction, some of these 

investigators attended to phenomena of life and only treated the life-gravity analogy as 

no more than a metaphor, while others went into the question of the nature of life and 

took both life and gravity to be evidence of an essentially active universe governed by 

mutual attraction.  

British anatomists and physiologists contemporary to Newton, like Archibald Pitcairne 

(1652-1713) and James Keill (1673-1719), and those who continued being active after 

Newton, such as George Cheyne (1671-1743), tended to apply Newton’ methods to 

physiology (Guerrini 1985, 1987). They were often termed Newtonian physiologists or 

medical Newtonians. Their Newtonian methods included on the one hand the extensive 

use of mathematical models or at least quantitative measurements (Wolfe 2014), on the 

other hand careful experiments and observations. Concerning the life-gravity analogy 

they were also inspired by Newton, especially the latter’s 1692 essay “De natura 

acidorum”, and the 1706 Opticks. In these two works, Newton himself offered the analogy 

between gravity and local short-range attractions.  

Of the three Newtonian physiologists mentioned above, the oldest Pitcairne met 

Newton in person, and he was an admirer of the master’s Principia. One of the most 

explicit use of the life-gravity analogy in Pitcairne’s work lay in his account of the blood 

circulation. For Pitcairne, “those who enjoy this circulation have life” (Pitcairne 1718: 7), 

and the circulating blood created “innate heat” (21) of the living body. Yet the ultimate 

motive power of blood circulation must be attributed to the beat of the heart, as the final 

source of all functions of living organisms. Further, according to Pitcairne, the beat of the 

heart was controlled by the vital Faculty, as “the muscular force of the heart” (339). 
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Indeed, the vital force operated like the physical (in Pitcairne’s words, natural) force. As 

Guerrini summarized, in Pitcairne’s account, “the heart causes life...by its beat, as the sun 

causes motion in the universe by means of its gravity” (Guerrini 198: 79-80). Importantly, 

at the same time Pitcairne warned about the abuse of the life-gravity analogy, because, 

according to Guerrini, the mathematical method could be more easily applied to the 

macrocosm rather than the microcosm (Guerrini 1985: 252-3).  

It is fair to claim that Pitcairne was a faithful positivist, since he took the 

methodological difficulties brought by the life-gravity analogy with care. In comparison, 

James Keill was more inclined to make bold statements, even though he never forgot the 

importance of experimental evidence. Inspired by Newton’s Opticks, Keill pointed out that 

Newton’s idea of gravity (or attraction) had implications for a variety of physiological 

phenomena. In Keill’s works the concept of mutual attraction played an essential role. 

According to Keill, the fact that matter possessed attractive power “can be denied by 

none” (Keill 1708: 9). He thought that the existence of attractive power was fully 

demonstrated by Newton. Keill used attractive power as such to explain blood 

coagulation. For Keill, in blood coagulation the red part of the blood became separate 

from the remaining serum, simply because: 

The red part of the blood consists of particles which attract one another, more than 

they do the watry fluid, in which they swim; and that the other particles, which are 

in the watry fluid of the serum, are more attracted by it than by one another. (6-7)  

In the eighteenth century, Continental naturalists, physiologists and anatomists, like 

their British colleagues, were equally impressed by Newton’s achievements. When 

Newton’s doctrine came to France, the ideas of gravity and attraction were quickly 

adopted to account for a few biological phenomena. Perhaps the most well-known 

naturalist in the eighteenth century was the French naturalist Buffon (1707-1788). Even 

though Buffon opposed mathematical abstraction (Buffon 1981a/1749: 82), he did not 

hesitate to use the idea of attraction to explain animal growth and reproduction. For 

Buffon, “there exist in nature powers relative to the internal part of matter” (Buffon 

1981b/1749: 182). And “in the same mode as gravity penetrates all parts of matter”, these 

powers impelled or attracted organic particles in food to penetrate into the form of 

organized bodies, and finally lead to animal growth and reproduction (183).  

Another big name in French biology was the physiologist Bichat (1771-1802). In his 

short but creative life, Bichat made numerous discoveries in anatomy and physiology. 

Bichat once wrote:  

There are in nature two classes of beings, two classes of properties, and two classes 

of sciences. The beings are either organic or inorganic, the properties vital or non-

vital, and the sciences physiological or physical-minerals are inorganic. Sensibility 

and contractility are vital properties; gravity, elasticity, affinity, etc. are non-vital 

properties. Animal and vegetable physiology, and medicine form the physiological 
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sciences; astronomy, physics, chemistry, etc. are the physical sciences. (Bichat 

1822/1801: 2) 

He expressed his ambition in physiology with physics as a contrast. According to 

Bichat, he would like to establish “an analogous axiom in the physiological sciences” (p. 

viii) like that in physical sciences, which consisted of “primitive principles of the facts 

[gravity, elasticity, affinity, etc.]” (p. viii), demonstrating “the relation of these [non-vital] 

properties as causes to the phenomena as effects” (p. viii).   

Roughly between Buffon and Bichat, a group of physicians and professors at the 

Faculty of Medicine at Montpellier referred to themselves as vitalists. Again, they 

strongly relied on the life-gravity analogy, and treated the idea of life as an “inexplicable 

explicative device”, similar to the Newtonian gravity. This was nicely summarized by 

Lesch:  

Its concepts of the specifically vital in living things that made use of analogs to 

Newtonian gravitation. Sauvages . . . thought the key to medicine lay in nosology, 

or the classification of diseases according to their symptoms. He [argued for] a 

‘philosophical nosology’ that would explain the bodily processes underlying disease 

states by faculties peculiar to the living body. These faculties were no less 

efficacious for being, like gravity or elasticity, unknown in their essence (Lesch 

1984: 25. I learned this from Wolfe 2014). 

In the French scenario, Bichat and Montpellier vitalists were more positivistic in spirit. 

They declined to talk about the essence of life, rather, they tended to focus on living 

phenomena. 

Biology in the German States was also inspired by the life-gravity analogy. Although 

compared to France the scientific development in the German states fell behind, among 

German physiologists still Johann Friedrich Blumenbach (1752-1840) in Göttingen stood 

out (Lenoir 1982). In his whole career Blumenbach “envisioned a unified science of life” 

(18). Similar to his British and French colleagues, Blumenbach was under the influence of 

Newtonianism. To unify living phenomena like generation, regeneration, reproduction 

and nutrition, Blumbach advanced the concept of Bildungstrieb to indicate an organic 

version of physical forces. But like Montpellier vitalists, Blumbach adopted an agnostic 

attitude: 

We see matter in a certain state possessed of a certain power which we term life, 

and the object of physiology is merely to observe its effects, just as it is the object 

of chemistry to observe the circumstances of the affinity of different bodies and of 

physics to observe other phenomena of matter, without vainly speculating on the 

essence of affinity or the essence of matter, to comprehend which our faculties are, 

in their nature, incompetent. (Blumenbach 1828: 64) 
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For Blumenbach, the essence of affinity or the essence of matter was just as unintelligible 

as the essence of life, and what physiologists could only undertake was to observe their 

effects. 

In sum, the eighteenth century witnessed Newton’s achievements in mathematical 

physics. Slowly it became popular to invoke Newton’s authority to certify hypotheses, 

doctrines and even philosophical systems. One important strand of the Newtonian 

influence was the use (or misuse) of the idea of gravity or attraction. In biology life was 

compared to gravity, either positivistically (the operation of life gave rise to a variety of 

biological phenomena just as gravity did for a set of physical phenomena), or more 

speculatively (life and gravity were parallel manifestations of a more fundamental active 

principle of attraction). However, as far as I see, as regards the production of scientific 

knowledge, the positivistic-speculative distinction had little impact for working 

biologists, as Lenoir excellently summarized (though only for the case of Blumenbach): 

...Just as Newton had succeeded in finding the universal organizing force of inert 

matter by constructing a model which successfully unified Kepler’s laws, Galileo’s 

law and a host of other observed regularities under a single plan, so it was the task 

of the naturalist to reconstruct the Bildungstrieb [life] for each class of organism by 

unifying the regularities found in production, generation and nutrition under a 

general law. (Lenoir 1982: 21) 

2.4.2 Naturphilosophie and positivism in the nineteenth century 

In the history of science, the nineteenth century is often treated as a transitional period: 

the tendency of constructing grand philosophical systems started to decline, and natural 

philosophers began to win a new title, that is, scientists. This transition took place with 

some methodological self-consciousness. The emerging scientific community agreed to 

submit theories and hypotheses, some from old philosophical systems, to observational 

and experimental tests. The new positivistic spirit found material support from the 

industrial revolution that brought in new instruments and thus new possibilities of 

experiment.  

However, at the start of the nineteenth century grand philosophical systems still 

dominated the German states and to a lesser degree, Britain. Perhaps the last serious 

effort to unify all natural phenomena into a coherent system, Naturphilosophie 

represented an ambitious, erudite, and also brilliant endeavor.  But at the same time, it 

remained too obscure and sometimes overly poetic to be scientifically acceptable. 

Traditional critics took issues with the latter problematic feature and dismissed 

Naturphilosophie as non-sensible and useless to genuine scientific investigations. However, 

these critics might not be fair, because Naturphilosophie did have a profound impact, at 
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least from the historical point of view, on theoretical formulations in early 

electromagnetism, chemistry and the science of life. 

Naturphilosophie originated after Kant in the German States. It received one of the best 

formulations from Schelling and dominated the minds of German morphologists and 

physiologists. Naturphilosophie also played a role in shaping British philosophical culture, 

and its most prominent disciples included the philosophical poet Samuel Coleridge, the 

physicist Faraday and some biologists such as J. H. Green. In Britain, Naturphilosophie 

resonated with some Newtonian speculative concerns, in that both aimed to “resurrect” 

an essentially active Universe. Despite this, one difference was significant. In the previous 

Newtonian system, Newton and some of his disciples retained the notion of matter as at 

least one type of primary substance. In contrast, Naturphilosophie overcame this last 

vestige of materialism and rejected matter as primary substance. As a substitute, 

Naturphilosophie postulated the notion of active force in its own system. For these 

philosophers of nature, the ultimate constituents of nature are no longer extended 

material objects or materialistic points, but a set of powers governed by respective laws. 

These powers and laws are modelled on the structure of mind, in which Will is governed 

by reason. Compared to speculative Newtonianism, in Naturphilosophie these forces come 

first as primary substances, and they constitute material objects, which later become 

available to sense perception. 

The great German philosopher Schelling gave Naturphilosophie a brilliant formulation. 

For Schelling, “the philosophy of nature posits in their place simple actants [forces], i.e., 

the ultimate in Nature, which are purely productive without being products” (Schelling 

2004/1799: 76). As a result, “the construction of every material are required forces 

originally opposed” (75). Schelling’s Naturphilosophie exerted a profound influence in the 

early nineteenth century (Friedman 2006b). For instance, some physicists took in the 

postulate of forces, and sharpened them with precise physical formulations. Faraday was 

perhaps the best example. According to William Berkson (1974), Faraday, contra 

Newtonians, supposed that “forces themselves are the sole physical substance” (50). Then 

different from contemporary philosophers of nature, Faraday submitted his speculation 

to experimental control (such as electromagnetic induction). According to Berkson again, 

for Faraday “one should be equally harsh on all the theories; speculation must be 

controlled by both judgment and experiment” (56). So, of course Faraday was influenced 

by Naturphilosophie in his theoretical works, more decisively, he made himself a great 

physicist (unlike mere philosopher) by his empirical achievements.  

Attested by Faraday’s empirical achievements, the central postulates of 

Naturphilosophie, forces and their governing laws could be interpreted as gravitational, 

electric and magnetic forces and their respective laws in physics. Philosophers in the 

early nineteenth century were aware of the extension of the set of physical forces. Even 

though Schelling’s Naturphilosophie guided empirical research in physics, empirical 

achievements in physics also strongly supported philosophers’ speculations. In this 
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philosophy-physics interaction, Naturphilosophie became more and more ambitious and it 

tried to take in as many natural phenomena as possible. In consequence, the life-gravity 

analogy, fashionable in Newtonianism, was extended to include electromagnetic forces.   

The analogy between life and gravity, electricity, magnetism turned out to be clear, 

when life was ranked as a specific law governing vital forces. Similar to gravity, electricity 

and magnetism, life was construed in Naturphilosophie as defining an autonomous realm 

of objects specified by its own laws. Contemporary morphologists and physiologists 

constantly compared life to gravity and electromagnetism. For instance, the father of 

organic chemistry Justus von Liebig wrote: 

with all our discoveries, we shall never know what light, electricity, and magnetism 

are in their essence, because, even of those things which are material, the human 

intellect has only conceptions. We ascertain, however, the laws which regulate 

their motion and rest, because these are manifested in phenomena. In like manner, 

the laws of vitality, and of all that disturbs, promotes, or alters it, may certainly be 

discovered, although we shall never learn what life is. (Liebig 1842: 7) 

This analogy and Naturphilosophie in general somehow inspired Galvanistic efforts to 

create living phenomena through electric currents. With a strong belief in the unity of 

nature (forces and their laws), the poet Coleridge picked up Galvanist themes. In his table 

talk on August 8th, 1831, Coleridge wrote: “Galvanism [animal electricity] is the union of 

electricity and magnetism, and, by being continuous, it exhibits an image of life” 

(Coleridge 1836: 130). Compared to Coleridge, his friend Green’s philosophy of nature was 

more systematic. Echoing the central tenets of Naturphilosophie, Green conceived of all 

natural phenomena as forces governed by laws. For Green, this conception of nature was 

an imitation of the structure of the mind. Green wrote: 

The powers of nature, in and of themselves blind, brute, and unintelligent, act 

under laws, by which we express the constraint and forced subjection of a power or 

agent to an intelligence guiding and governing it as an alien subject. (Green 1840: 

54-5) 

Then for all these, “causes and laws [should] be rightly assigned as the legitimate objects 

of inquiry in order to [do] natural science” (Green 1840: 51). Moreover, forces in physics 

and biology were different: 

Physics: In electricity, voltaic action, magnetism and chemical attraction, the same 

Power is at work under different conditions of operance. (Green 1840: 23) 

Biology: Living existence implies a subject or power which, actuated and directed 

by the law or idea, becomes a causative agency formative and productive. (Green 

1840: 30) 

Naturphilosophie, however, came to its end in the middle of the nineteenth century. 

Resistance came from positivistic sciences. For them Naturphilosophie was too imprecise 
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and obscure to give a unified account for all natural phenomena. If in the early nineteenth 

century investigators of nature retained serious interest in philosophical systems, when 

it came to the late nineteenth century, scientists started to consciously resist systematic 

speculations reminiscent of the past. So even though Naturphilosophie produced by 

Schelling and others was of the first intellectual standard, it was almost universally 

rejected by scientists with clear positivistic tendencies. In the late nineteenth century 

positivism became dominant, and afterwards it would no longer lose the ground to 

philosophical systems. 

In particular, the idea of life as a law governing vital forces, from the standpoint of 

positivism, was of little use in several emerging biological disciplines. In these disciplines 

a few physiologists started to question the vitalist postulate of life. The great physicist 

and physiologist Hermann von Helmholtz was perhaps the most prominent example. For 

Helmholtz, the crucial question was to determine “whether the life of organic bodies is 

the effect of a special self-generating, purposive force or whether it is the result of forces 

active in inorganic nature which are specially modified through the manner of their 

interactions” (Helmholtz 1845, quoted from Lenoir 1982: 200). Helmholtz’s experiments 

on metabolism were to exclude the former possibility. Along with Helmholtz, a new 

generation of German physiologists attacked the idea of life as a law governing vital 

forces. According to Helmholtz: 

The majority of the physiologists in the last century [the eighteenth century], and 

in the beginning of this century, were of opinion that the processes in living bodies 

were determined by one principal agent which they chose to call the ‘vital 

principle’. The physical forces in the living body they supposed could be suspended 

or again set free at any moment, by the influence of the vital principle…the present 

generation, on the contrary, is hard at work to find out the real causes of the 

processes which go on in the living body. They do not suppose that there is any 

other difference between the chemical and the mechanical actions in the living 

body, and out of it, than can be explained by the complicated circumstances and 

conditions under which these actions take place. (Helmholtz 1861: 356-7)  

Helmholtz seems to have captured the attitudinal change of biologists in the nineteenth 

century. Yet one thing should be made clear. German physiologists rejected life and vital 

force, not only because they were useless in experimental research, but also because of 

their acceptance of metaphysical materialism. Even Helmholtz declared, “the phenomena 

of nature are to be reduced to motions of material particles with invariable forces of 

motion which are dependent upon special relations” (Helmholtz 1847, quoted from 

Lenoir 1982: 212).  

However, this was not the case of Claude Bernard, the great French biologist. Bernard 

perhaps best represented the self-consciousness of the new positivistic spirit. First, 

Bernard was enthusiastic about experimental research and he had little patience for 

traditional philosophical systems. For Bernard, science must be separate from 
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philosophy. On this he declared that “experimental medicine (like all experimental 

sciences, for that matter) does not need to be attached to any philosophic system” 

(Bernard 1957/1927: 221). Second, along with his German contemporaries Bernard 

understood well that the notion of life or vital force played no useful role in experimental 

research. He asserted that “this vitalistic explanation meanings nothing and explains 

nothing…” and urged reducing “vital properties to physiological properties”. Third, in 

contrast to German biologists, Bernard could not avoid the question of “the primary 

essence of life” (92). He retained in his science some elements of vitalism when he claimed 

that, “as long as a living being persists, it remains under the influence of this same 

creative vital force” (93). To understand the so-called “essence of life”, Bernard, notably, 

returned to the analogy between life and electricity as used in Naturphilosophie: 

Phenomena, then, are definite relations of bodies; we always conceive these 

relations as resulting from forces outside of matter, because we cannot absolutely 

localize them in a single body. For physicists, universal attraction is only an abstract 

idea; manifestation of this force requires the present of two bodies; if only one body 

is present, we can no longer conceive of attraction. For example, electricity results 

from the action of copper and zinc in certain chemical conditions; but if we 

suppress the interrelation of bodies, electricity, -an abstraction without existence 

in itself, -ceases to appear. In the same way, life results from contact of the organism 

with its environment; we can no more understand it through the organism alone 

than through the environment alone. It is therefore a similar abstraction, that is to 

say, a force which appears as if it were outside of matter. (75)  

2.4.3 Field concepts in early-twentieth century developmental biology 

In the nineteenth century, the analogy between life and other physical concepts was 

seldom expressed through the concept of the field. Yet at the start of the twentieth 

century, the concept of the electromagnetic field and the later concept of the 

gravitational field became consolidated in modern physics. Then the analogy took a 

different form. This time developmental biologists introduced field concepts into their 

research, to account for “both informational and regional relationships” within 

embryological processes (Gilbert et al 1996: 359). One field concept in developmental 

biology was termed the morphogenetic field. Several secondary resources have put the 

concept of the morphogenetic field into both historical and logical analysis (Gilbert et al 

1996; Herrmann 1964). Though views differ, these authors generally agreed on the fact 

that the concept of the morphogenetic field was an explicit imitation of the physical 

concept of the field. For instance, Gilbert and his colleagues noted that the 

morphogenetic field was just “like an electromagnetic field” (Gilbert et al 1996: 359), and 

Herrmann observed that in some cases the concept of the morphogenetic field “suggested 
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some relation to ‘field’ concepts in physics” (Herrmann 1964: 344). The physics envy is 

clear. 

These observations, I believe, are still sound and should remind us of the life-

gravity/electricity/magnetism analogy. To show this, let us examine some 

developmental biology textbooks in the early twentieth century. Even though the 

concept of the field in embryology was relatively new (first available in a few German 

resources. See Gilbert et al 1996: 359), it appears that quite a few prominent 

embryologists, such as Paul Weiss, Charles Child, and Needham, gave this concept 

extensive treatments in the textbooks.  

Weiss started by giving the concept of the field an analytic definition: 

They are the factors which cause the originally indefinite course of the individual 

parts of a germ to become definite and specific, and, furthermore, cause this to 

occur in compliance with a typical pattern. Such factors have been called “fields”. 

(Weiss 1939: 290) 

The field concept was used extensively to describe a variety of phenomena, and several 

distinctions were made to classify these phenomena into different kinds. It was most 

common to apply the field concept to embryological differentiation and organ 

regeneration, and many examples could be found in Weiss (1939). Consider the formation 

(or regeneration) of the eye. According to Weiss (322-3), there was such an eye field, in 

which “the eye is determined, but its cells are not” (322). Weiss’ main experimental 

evidence showed that an eye rudiment (governed by an eye field) would still develop into 

a normal eye, even if some of the former’s composite cells were removed, or it were a 

fusion result of two eye rudiments. In general, under certain conditions the field would 

operate well, in spite of the change of its material composites. 

The field concept in biology, however, did not go without critics. Several prominent 

embryologists expressed some doubts about this concept and called for further 

clarifications. For instance, Child wrote in his 1941 textbook: 

As is usual in such cases, reference of certain developmental activities or results to 

a field seems sometimes to be regarded as advancing our knowledge of 

developmental physiology. Without further analysis the field concept, as applied to 

development, has only a formal value. Identification of a hydranth field, a limb field, 

an eye field, or, in general, reference of certain developmental phenomena to a field 

indicates merely presence and a certain order of capacities or potencies for these 

phenomena in a certain region but gives us no information concerning the 

physiological character of the order or the potencies, or the conditions determining 

realization of potencies in a particular part of the field. In other words, reference 

to a field merely states experimental data in terms of an unknown, of a concept 

without definite content, and the field often becomes little more than a verbalistic 

refuge (276-7). 
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For Child, the field concept only had a symbolic value, a sign of the temporary ignorance 

in embryological organization.  

In contrast to Child, C.H. Waddington tended to be more positive. According to 

Waddington and his colleagues, even though the field concept might only have a 

descriptive value, “the field concept is useful when we can find field laws which describe 

the conditions under which these reactions are in equilibrium” (Waddington et al 1934: 

345). Waddington took this to be an explicit imitation of the field concept in physics. 

According to Waddington, it was permissible to “adopt the usual terminology of physics, 

and speak of the region as a field and the mathematical expression as the field law” (338).  

Needham summarized bio-field phenomena in his 1950 book. And he also wrote: 

Schultz has caustically remarked that fields without centres, without measurable 

field strengths, and with no obvious lines of force, cannot invite comparison with 

the fields of physics. But this criticism is hardly justified, for in William Gilbert’s 

time (1600) certain phenomena of magnetic fields were known although no method 

was available for measuring field strength. The concept of ‘biological field’ does give 

a powerful aid to the codification of Gestaltungsgesetze, the rules of morphogenetic 

order. As complex components (in Roux’s phrase) they must first be ordered before 

they can be analysed. (Needham 1950: 127-8) 

In search of a justification or a legislation for field concepts in biology, Needham again 

returned to the old analogy by referring to magnetic fields. 

In 4.1, 4.2 and 4.3 we have seen that from the eighteenth century to the early twentieth 

century, efforts to justify vitalism through analogies between life and physical concepts 

persisted, along with the parallel advancement of both biology and physics. Moreover, 

even today some theoretical biologists, often unconsciously, appeal to the concept of the 

field to draw their research plans for future (Goodwin, see chapter 8). Life and field do 

possess superficial similarities. Both tend to look at mutual relations between individual 

parts, and focus on organizations and systems in nature. They are therefore holistic and 

anti-reductionistic. It is also important, however, to note the difference between life and 

field. We will treat their difference in detail in chapter 3, Part II, so now a few words will 

suffice. The essential difference between the two concepts is that the field has received 

clear formulations of laws, but we have not attained similar laws of life. As a result, for a 

physical organization governed either by gravitational fields or electromagnetic fields, 

we are able to capture the relations between the parts with mathematical precision, yet 

for a biological organization currently it appears impossible to do that.  
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2.5 Concluding remarks: vitalism and physics 

This chapter records efforts to reflect theoretically on between vitalism and physics. The 

latter includes the principle of gravity, nineteenth-century electromagnetism, 

thermodynamics, statistical mechanics and finally quantum mechanics. These various 

efforts amount to a concerned shared by these scientists and philosophers: the peculiarity 

of life might be traced back to, or reductively explained by, new concepts and theories in 

physics. In brief, such theoretical efforts tend to search for life in matter. Sometimes these 

efforts also give rise to grand philosophical systems that aim at a unified account of 

matter and life. For instance, relying on contemporary discoveries in electromagnetism 

and chemistry, these systems flourished in the early nineteenth century under the name 

of Naturphilosophie. 

Note that this chapter only aims at a historical survey, which does not imply that we 

should endorse these efforts. These efforts will receive a systematic judgment from the 

logical point of view in Part II of this thesis. Here a few words might suffice to give a 

preliminary assessment. As critics of these efforts like Frank already implied, these efforts 

to search for life in matter, all amount to at best overly speculative hypotheses, at worst 

superficial analogies. They seem to come more out of unbounded reason rather than 

careful empirical research. Regarding vitalism or the nature of life, suggestions were 

made to identify it at the locus of indeterminism in physics, or to search for new laws of 

life from physics. Indeed, the call for new laws and the appeal to indeterminism 

constitutes another interesting case of the Kantian dialectical antinomy of determinism 

and indeterminism. The call for new laws sees the peculiarity of life in the regularity and 

stability of organisms, while the appeal to indeterminism highlights it in its contingency, 

unpredictability or even creativity. Further, as we have seen in the case of Lillie, the 

emphasis on indeterminism and the call for new laws does not actually lead to a genuine 

contradiction. Rather, the call for new laws must build itself on apparent (rather than 

absolute) indeterminism. Indeed, the possibility of such laws cannot be denied. 
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Chapter 3  

The refutations of vitalism  

3.1 Introduction 

In part I, we have encountered a variety of doctrines of vitalism in the history of biology 

and the history of physics, and these doctrines did not directly account for organisms. 

Some of them, rather, were advanced to deal with evolution in biology. For relevant 

vitalists, biological evolution which gives rise to a variety of species was either governed 

by vital laws (e.g., Kant, Schelling and Green), or as understood as essentially creative and 

indeterministic (e.g., Bergson). Others moved beyond biology and tried to engage physics. 

For those vitalists, life was not a peculiar property in the universe, simply because the 

latter was essentially alive as well. To make their case, vitalist since the late eighteenth 

century had referred to new physical concepts and theories (thermodynamics & 

statistical mechanics, quantum mechanics and classical field theories) to vindicate their 

doctrine.  

The historical fact that vitalism was associated with both evolution and physics is little  

known. In my view, with doctrines of vitalism which directly address organisms, these 

are all we can obtain from the history of biology and the history of physics: vitalism and 

organism, vitalism and evolution, vitalism and physics. Now in this chapter, I intend to 

discuss the question concerning the refutation of vitalism. To be sure, I agree with the 

majority of current biologists and philosophers that vitalism is not a scientifically valid 

theory. Yet I cannot accept their reason for refuting vitalism. As I see it, they issue a 

metaphysical refutation of vitalism by presupposing metaphysical materialism or 

physicalism. In contrast, in this chapter I offer a logical refutation of vitalism, solely based 

on the logic of science. This also marks a transition from metaphysical naturalism to 

transcendental philosophy. In the end, I suggest that if my refutation of vitalism is 

accepted, quite a few biological concepts and doctrines become dubious, even though 

they appear friendly to materialist or physicalist metaphysics. 



 

146 

3.2 The refutations of vitalism 

3.2.1 The metaphysical refutation of vitalism 

As we have shown in the Introduction, vitalism is now almost universally refuted as a 

metaphysical heresy by presupposing materialism and physicalism. Sometimes vitalism 

is even used as “a potent instrument of abuse, albeit one that often contaminates by 

association and innuendo rather than outright accusation” (Oyama 2010: 401). In this 

section I seek to make metaphysical refutation of vitalism clear. To do this, let me first 

quickly review a few negative remarks on vitalism, from current biologists and 

philosophers of biology: 

Both scientists and philosophers take ontological reductionism for granted. 

Vitalism is dead. Organisms are nothing but atoms, and that is that. (Hull 1981: 282) 

(Vitalism) virtually leaves the realm of science by falling back on an unknown and 

presumably unknowable factor… (Mayr 1982: 52) 

No “vital forces” exist, and all living phenomena consist only of chemical and 

physical processes. Such an ontologic position (i.e., a stance as to what exists in the 

universe) is called materialism, and it provides the basis for contemporary natural 

science. (Gilbert and Sarkar 2000: 1) 

(Vitalism) faded as the mechanistic side of biology advanced. (Godfrey-Smith 2014: 

10) 

The denial of physicalism by vitalism, the view that biological systems are governed 

by forces that are not physico-chemical…is largely of historical interest... (Brigandt 

and Love 2017: 3).  

These passages include both “innuendos” and “outright accusations”. In sum, especially 

in Gilbert and Sarkar (2000), vitalism is rejected with forceful assertions suggesting that 

vitalism violates an overarching worldview supposedly legitimized by modern science. 

Hull termed this worldview “ontological reduction”, Gilbert and Sarkar termed it 

“materialism”, and most recently Brigandt and Love opted for “physicalism”. In spite of 

this terminological diversity, I suggest that vitalism today is refuted by presupposing 

materialism and physicalism, and it is a metaphysical refutation. 

A few more remarks on the metaphysical refutation. In the first place, my impression 

is that scientists are more used to the term “materialism”, and they are very inclined to 

accept Hull’s ontological statement, “organisms are nothing but atoms, and that is that” 

(I have encountered no exception!), while philosophers choose “physicalism” with the 

intent of being more precise. From “materialism” to “physicalism”, on the one hand, 

philosophers take apparently non-materialistic concepts (gravity, electro-magnetism, 

field, energy, etc.) in modern physics into account; on the other hand, they can claim that 
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physicalism relies on ongoing physical sciences, rather than knowledge in physics in a 

particular time. 

In the second place, I anticipate that some will raise objections to my characterization 

of physicalism, since today there are diverse “philosophical” doctrines of physicalism. 

But as I have suggested in the Introduction, such a diversity is more or less a result of 

terminological confusions. Anyway, my point is that materialism and physicalism, 

whatever they mean, are used to issue dismissals of vitalism. As a result, the existence of 

life forces, entelechies and other similar vital entities are judged as violating the 

metaphysical tendency of current scientists and philosophers, and they all receive a 

metaphysical refutation. 

3.2.2 The logical refutation of vitalism 

From Part I of this thesis, we can abstract a logical refutation of vitalism. To start, let us 

draw a lesson from the history of science. As we have seen in chapter 2, since the late 

eighteenth century, in the history of physics almost all physicists who advanced 

revolutionary concepts and theories had a metaphysics to overcome. Indeed, they 

(Faraday, Ostwald, Jordan, etc.) intended their new concepts and theories to oppose 

materialism, always a dominant metaphysical framework after the eighteenth century; 

moreover, if they had some amateur interest in biology, they also hoped to leave room 

for life, through these new physical concepts and theories. There is then a common 

thread in their argumentative strategies. They first complained that bad materialists 

claimed that materialism captured every aspect of nature and left resultantly no room for 

life and mind; next they were proud that their new concepts and theories showed that 

materialists in their time were seriously mistaken, and nature was completely different 

from that or was at least much richer than that, perhaps to the extent of permitting life 

and mind.  

This argumentative strategy was also adopted by vitalists in the history of biology. 

Quite a few distinguished biologists considered it entirely legitimate to invoke vital 

factors in doctrines of vitalism (for details see Chen 2018). Let me raise one example here. 

According to the early-twentieth-century Russian biologist Alexander Gurwitsch, 

“practical vitalism claims the right to be restricted in formulating hypotheses only by 

postulates of logic and of the general theory of knowledge, and by nothing else” (1915: 

765). It is also important to notice that logical empiricists essentially agreed with these 

biologists. For instance, Frank wrote: 

To be sure, Driesch shows that we can assume for the living processes a specific 

state variable, not that we must. For it is not possible to foresee every trick that one 

might invent in the fiction of hidden combinations of inorganic state variables. In 

favor of vitalism I should like to remark that, just as I cannot force someone who 
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regards heat as a specific state variable to consider it as a motion of particles, so I 

cannot force the adherents of entelechy to replace it by fictitious state variables. 

(Frank 1941/1908: 26–7)  

Frank did not refute vitalism by presupposing any metaphysical materialism or 

physicalism, as present biologists and philosophers do (see also Carnap 1966; Schlick 

1953/1925). 

For logical empiricists in general, vitalism was not to be dismissed as a metaphysical 

heresy. Instead, they examined the validity of the concept of the entelechy, with sheerly 

logical considerations in mind. Indeed, according to Carnap, vitalism was defective, 

because: 

Driesch did not give laws. He did not specify how the entelechy of an oak tree differs 

from the entelechy of a goat or giraffe. He did classify his entelechies. He merely 

classified organisms and said that each organism had its own entelechy. He did not 

formulate laws that state under what conditions an entelechy is strengthened or 

weakened… the notion of an entelechy does not give us new laws, it does not explain more 

than the general laws already available. It does not help us in the least in making new 

predictions. (Carnap 1966: 15–6, emphasis added) 

For Carnap, vitalism did not give new laws after advancing the concept of the entelechy. 

Yet the formulation of vital laws was not the only means of validating the concept of 

the entelechy. A second possibility existed, from the logical point of view, that is, 

experimental indeterminism. Let me explain by a speculative example. If one imagined a 

series of biological experiments, in each of which antecedent physico-chemical 

conditions remained the same, but subsequent experimental results constantly differed 

from each other. This hypothetical situation, as an example of experimental 

indeterminism, should drive biologists to invoke the entelechy as an intrinsically free 

agent to provide the only possible explanation. In consequence, the entelechy would 

become indispensable to address these peculiar experimental results. The logical 

empiricist Moritz Schlick touched on the point. He wrote:  

 The assertion that there is a nonphysical agent playing a role in some process is 

tenable only if it can be proved that there are no spatial changes whatsoever that 

could be considered as the causes of the process. This would be the case only if out of 

the very same condition, that is out of exactly similar constellations, different states could 

ensue, e.g., if out of two perfectly similar eggs (which we assume to be completely known in 

every detail) two different animals emerged, or if two germ cells, equal down to the smallest 

detail and under identical external conditions, were to undergo entirely different 

developments. Since in this case all spatially localizable causes are identical, yet different 

effects would occur, the principle of causality would urge the assumption of nonspatial and 

therefore unobservable causes…But, we must ask, what in fact is proved by the 

experiments in Driesch’s illustrations? It may readily be seen that the assumption 
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of the similarity of all conditions is entirely unjustified. (1953/1925: 533-4, emphasis 

added)1 

For Schlick, then, no convincing examples of experimental indeterminism had been 

identified.  

The logical refutation of vitalism given by logical empiricists is a standard piece of 

logical analysis. Now let me present it in a more formal way and then compare the 

concept of the entelechy to previous physical concepts. 

Given physico-chemical laws L1, L2…Ln and physico-chemical factors X1, X2…Xn 

available in current scientific knowledge, phenomenon Y cannot be explained and 

is therefore indeterminate with respect to L1, L2…Ln and X1, X2…Xn. 

 

(1) Determinism 

In this case we need to introduce new concepts and new laws. Physicists since the 

end of the eighteenth century succeeded in the case of gravity, electromagnetism, 

energy, and the quantum conception of the atom. Yet biologists always failed in the 

case of vitalism (with various doctrines). Naturally, all relevant analogies (gravity-

vitalism, electromagnetism-vitalism, energy-vitalism, quantum atom-vitalism) 

collapsed. 

 

(2) Indeterminism 

In this case we must ascertain that no new physico-chemical concepts are possible, 

and indeterminism is therefore absolute. But this is entirely unjustified. Maxwell 

did not show that indeterminism is absolute for his Demon, neither Jordan for his 

quantum indeterminism, and Driesch failed in vitalism. As a result, all relevant 

analogies (Demon-vitalism, quantum indeterminism-vitalism) collapsed. 

The formal structure of the logical refutation is plainly simple.2 

There are three further remarks. First, some might raise the question or pseudo-

question whether physical concepts and theories mentioned above should be called 

doctrines of vitalism in physics. Overall, this is a matter of definition. It is true that these 

concepts and theories, when proposed in the nineteenth century, were often used to 

 

                                                      
1 Also see Nichols (1911: 852) and Jennings (1911: 929; 1913: 390). And it is remarkable that even recent scholars 

who want to ascribe “normative agency” to living systems still invoke this criterion of indeterminism: “it has 

been observed that no two bacteria can be counted on to respond in precisely the same way to identical 

environmental circumstances, not even if they are genetically identical” (Barham 2012: 101).  
2 As a historical point, it should be noted that even though Crick was hostile to vitalism due to his commitment 

to metaphysical naturalism, he did not object to the possibility of vital laws. This can be seen in a letter from 

Crick to Waddington (1967). Thank Christopher Donohue for sharing this letter with me.  
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support a vitalistic view of Nature;3 so maybe from the historical point of view, it is not 

too problematic to call them doctrines of vitalism in physics (for instance, Jennings 1913); 

further, to term them as such helps us appreciate important vitalistic analogies in the 

history of physics. Yet now it should be clear that these so-called vitalistic doctrines in 

physics are different from vitalism in biology. Even though they were historically 

connected, the validity of (some of) the former, from the logical point of view, cannot at 

all legislate the latter. I believe that a better history of vitalism should be presented as 

follows: in the history of vitalism there was a differentiation of meanings of vitalistic 

concepts. Historically, they all once sat in a common vitalistic framework of Nature (e.g., 

Naturphilosophie), some later gave rise to valid physical concepts (e.g., electromagnetism 

and energy), but others failed in biology (compare Chang’s phlogiston study as discussed 

in Introduction, especially his discovery that in the history of chemistry phlogiston was 

sometimes termed electron or energy). 

Second, in evolutionary biology such vital laws could take the form of a system, recall 

Driesch’s “systematics of entelechies” (1908a: 293). Indeed, Driesch offered several 

examples of genuine rational systematics, one of which was the periodic table of chemical 

elements. According to Driesch, the system of all possible species should be arranged 

exactly like the periodic table of chemical elements. In the periodic table, with atomic 

theories of matter all possible structures of elements can be deduced in advance, even 

without empirical instances in nature. In like manner, Driesch’s system of vital laws, if 

successfully formulated, would connect all possible species into a coherent system; with 

these vital laws, every possible species in nature can deduced in advance, even these 

unknown without empirical instances. Ideally, vital laws should operate exactly like 

atomic theories. However, unfortunately, such vital laws have been lacking for more than 

two hundred years; this even made Crick claim that “exact knowledge…is the enemy of 

vitalism” (1966: 99). Great philosophers like Kant and Schelling were all aware of this 

essential defect of vital evolutionism. Schelling once remarked on evolution: 

The originally infinite series, of which every individual series in mathematics is an 

imitation, does not arise through aggregation, but through evolution, through 

evolution of a magnitude already infinite in its point of origination which runs 

through the entire series. The whole infinity is originally concentrated in this one 

magnitude. (Schelling 2004/1799: 16) 

Even though Schelling understood well that the diversity of all species must be united in 

the idealist archetype (here represented as a mathematical sequence), he was pessimistic 

about whether evolution as such as can be constructed a priori. According to Schelling, 

 

                                                      
3 The jury member Marij van Strien gave a better formulation of this point in her report on the thesis: “new 

developments in physics have often been seen as lifting constraints present in earlier theories in physics, and 

have often led to attempts to establish a compatibility with vitalism”.  
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“the succession in the series signifies only...the individual inhibitions which...would 

permit no real intuition” (16). Kant was also clear about the lack of vital laws: 

Strictly speaking, positing ends of nature in its products, insofar as it constitutes a 

system in accordance with teleological concepts, belongs only to the description of 

nature, which is composed in accordance with a particular guideline, in which 

reason certainly plays a role that is magnificently instructive and purposive in 

many respects, but in which it provides no information at all about the origination 

and the inner possibility of these forms, although it is that with which theoretical 

natural science is properly concerned. (Kant 2000/1790, 5: 417) 

As Kant admitted, idea of the system of species “provides no information at all about the 

origination and the inner possibility of these forms”, it is therefore useless to empirical 

studies in evolutionary biology. At best, newly discovered species can be added to the 

system in an ad hoc manner, currently they cannot be constructed in a rationally 

organized system similar to the periodic table of elements. 

Third, due to the lack of genuine laws, the insight about evolutionary indeterminism 

(expressed through terms like “unpredictability”, “contingency”, “open-ended”, 

“creativity” etc.) entertained by creative evolutionists (Bergson), emergent evolutionists 

(Morgan) and some Darwinians (Gould, Beatty, Ruiz-Mirazo) can be received as 

empirically adequate. They are correct that even though every new form can be put into 

the system of species in an ad hoc manner, the rise of new forms of life and their respective 

succession cannot be predicted in advance. Therefore, new species do seem to emerge in 

an indeterministic way, at least apparently. This is quite different the elements in the 

periodic table which can be predicted in advance through deterministic laws. However, 

such apparent indeterminism cannot be absolutized, since it is possible that new vital laws 

in the future might be able to offer the needed predictions. This agrees with Lovejoy’s 

comment on Bergson’s creative evolutionism: 

that organic substance, or all substance, is essentially and cumulatively modified by 

its history, and is for just that reason capable of innovation, of the creation of 

absolute and unforeseeable novelties. I do not say that this possibility has been shown to 

correspond with the fact. But I do say that we have no decisive grounds for rejecting it a 

priori; that it has even some antecedent probabilities in its favor; and that our present 

empirical knowledge of nature cannot be said to disprove it. (1914: 21-2, emphasis added) 

By the way, similarly, with regard to apparently indeterministic phenomena about 

organisms, some philosophers have also moved to characterizing life in terms of 

categories such as creativity, existentiality and historicity (Jonas 1966; Canguilhem 2008; 

also see discussions in Etxeberria and Wolfe 2018; Wolfe 2017 even identified a tradition 

termed “vital anti-mathematicism”). Needless to say, such characterizations can also be 

received as empirically adequate (by the way, even Crick’s negative remark “exact 

knowledge…is the enemy of vitalism” (1966: 99) can be received in a positive way: it might 
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be impossible to understand life through exact knowledge like vital laws. However, 

apparent indeterminism cannot be absolutized to deny the possibility of future vital laws. 

3.2.3 From metaphysical naturalism to transcendental philosophy 

Regarding the transition from the metaphysical refutation of vitalism to the logical 

refutation, a more fundamental logical point needs to be emphasized. More generally 

speaking, such a transition suggests the route from metaphysical naturalism to 

transcendental philosophy: the pretension of attempting to restrict Nature or a 

metaphysical reality to physico-chemical categories disappears; instead, the goal is to 

clarify the categories used to interpret the empirical reality or nature. To do this, 

predicate logic serves as an excellent tool for this task. 

The metaphysical refutation of vitalism relies on a few metaphysical premises named 

variously as physicalism, materialism or ontological reductionism. These premises tend 

to treat matter as the only substance in nature or the metaphysical reality. Accordingly, 

even though life and mind might still exist, they have been moved to the category of 

quality. In consequence, life and mind only indicate qualities that ontologically depend 

on specific systems of matter, the only substance. Recall also that most philosophers of 

biology take the ontology-epistemology distinction for granted. 

Even though this metaphysical picture is also implicitly held by most scientists and is 

often unfortunately dogmatized by philosophers, it has its origin in everyday experience 

rather than the actual contents of modern science. In this picture matter is received 

through the model of everyday objects, like, a table in the office. In everyday experience, 

the table appears more qualified than its color, its height, and other qualities to be treated 

as the Substance, because it does indicate a “higher” degree of permanence. Similarly, in 

my view, the attribution of “fundamentality” to the so-called fundamental particles in 

physics also has its origin in everyday experience. The consequence is that all other 

objects are treated as mere aggregates of these particles, and only some of these 

aggregates are judged to have distinctive qualities like life and mind. 

It is true that scientific knowledge can be expressed by using the substance-quality 

language, which might result in a healthy naturalism of an empirical character. However, 

a more common consequence is a metaphysics of substance, that is, metaphysical 

naturalism, which tends to strip life and mind of their realities. For instance, as we have 

seen, it has justified the metaphysical rejection of vitalism. Now to overcome 

metaphysical naturalism, we must emphasize the virtue of transcendental philosophy. In 

Husserl’s words, we shall move from the naturalistic attitude to the phenomenological 

attitude.  

To understand this new transcendental or phenomenological mode of thinking, the 

first thing to keep in mind is that scientific knowledge can be expressed in a different way 
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by dropping the substance-quality language. In that case, we merely use the quality 

language alone. Take again the table for example. Now the concept of the table, or 

tableness, should also be treated as a quality among many others. The statement that “the 

table is yellow” is to be express as follows in predicate logic: “there is an object that is (1) 

yellow (or participates the form of yellowness) and (2) is a table (or participates the form 

of tableness)”. In this way, a Substance in metaphysical naturalism turns out to be an 

individual object. Similarly, a so-called fundamental particle should be stripped of its 

metaphysical sense of being fundamental: it is no longer treated as a substance in the 

metaphysical reality, but an individual in the empirical reality; the individual particle will 

take us to the concept of the particle, that is, a universal predicatable of only some 

empirical objects. 

In the transition from metaphysical naturalism to transcendental philosophy, the 

logical defect of vitalism can be made even clearer, and the logical refutation of vitalism 

can be deepened. The metaphysical refutation accuses the concept of the entelechy of 

violating metaphysical naturalism, because it also conceives of entelechies as substances. 

Then vitalism is judged incompatible with the ontological framework which allows 

matter to be the only substance. Now think of an organism and its material constituents, 

namely, atoms, and recall Hull’s assertion, “organisms are nothing but atoms, and that is 

that” (1981: 282). As I have mentioned briefly in Introduction (with the example of the 

table), this misleading assertion amounts to nothing but a hypostatization of a truistic 

empirical statement from modern physics into a statement about a metaphysical reality. 

Following this hypostatization, metaphysical naturalism often treats atoms as 

ontologically superior to organisms. In sharp contrast, however, in transcendental 

philosophy we claim that the organisms are ontologically (to emphasize, here the term 

“ontology” attains its sense in transcendental philosophy) on par with atoms. The 

concept of the organism is well constituted in biology, so is the concept of the atom in 

physics. Then the statement that an organism has atoms as its material constituents no 

longer pretends to describe a metaphysical reality but has its specific meanings in 

modern physics. In brief, we say that under specific physico-chemical investigations, 

parts of the organism are shown to be atoms of various sorts. In predicate logic, to be 

more precise, we might claim that there is an object that is (1) from the organism, and (2) 

consists of atoms of various sorts (or participating the form of atomness of various sorts).4 

 

                                                      
4 As a reminder, again I do not want to leave the impression that atoms are “a fixed set of submicroscopic 

objects” (Nagel 1979a/1961: 370). On the contrary, what the history of physics has shown is that there are 

different concepts of atoms, which have identified the same group of objects in the empirical reality. See my 

discussion on identity statements in Introduction. 
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Finally, according to current physico-chemical investigations, there is no principal 

difference between organisms and tables in their atomic constitutions.5 

In transcendental philosophy the concept of the entelechy also needs to be treated as 

a quality. Of course, the statement that “the organism is governed by its entelechy” 

explains nothing and is therefore open to the logical refutation. Also, similarly, the 

statement that “biological evolution is governed by a system of entelechies” has no 

explanatory power. But the situation is different in the history of physics. As we have 

seen in chapter 2, most conceptual revolutions in physics since the eighteenth century 

have yielded statements and laws of great explanatory power: (1) the body has 

“attractive” powers (the principle of gravity); (2) the body is electromagnetic (Maxwell’s 

equations); (3) the body has quantifiable motive energy (laws of energetics); (4) H atom is 

quantum-mechanical (e.g., the wave equation). As we have also seen, all efforts to 

vindicate vitalism with these physical concepts have failed. The concept of the entelechy 

is quite different, because it does not yield any vital laws. In transcendental philosophy 

we might say that the meaning of the term “entelechy” has not been well constituted in 

modern biology. 

The central concept in Driesch’s vitalism is entelechy, and the related statement is that 

“the organism is governed its entelechy”. We have rejected this statement, since vitalists 

have not given any laws of entelechy; now the readers are invited to consider a different 

statement: “the organism is alive”. In this case, is the concept of life associated with any 

law or principle of life? Unfortunately not. But the statement that “the organism is alive” 

is treated as trivially sound. Further, can this statement be deduced from, and therefore 

explained by, any physico-chemical theories? Again, it seems not. Further, it appears 

possible to treat the previous two statements (“the organism is alive” and “the organism 

is governed by its entelechy”) as synonymous (but entelechy cannot explain life, because 

that amounts to a mere tautology). In this case, then, the failure of the entelechy should 

remind us that, in current biology, the concept of life, by itself, remains unexplained and explains 

nothing. 

This insight also helps make sense of the intriguing history of vitalism. As we have seen 

in Part I and other historical studies on vitalism, ever since the late eighteenth century, 

to characterize the living nature, some scientists and philosophers have resorted to 

established physical concepts (amounting to claims like “the physical universe is alive”!). 

However, unlike physical concepts,  the living nature has so far failed to be grasped 

through determinate relations (laws). Then, desperate at the determinist line of vital 

laws, some other scientists and philosophers turn to indeterminism to capture the living 

 

                                                      
5  However, to emphasize, this conclusion cannot, from the logical point of view, exclude the speculative 

hypothesis made by Schrödinger (and also Whitehead) that future physico-chemical investigations might show 

that atoms in the organism are different from atoms in the table. See chapter 2 for Frank’s discussion on this 

point.  
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nature. Hence we have seen terms like “unpredictability”, “contingency”, “open-ended”, 

“creativity”, etc. It is also not surprising at all that vital life has always been an important 

theme in literary writings. But this solution is also unsatisfactory, since it absolutizes 

indeterminism and denies even the future possibility of vital laws. 

However, life is always there and even identifies a realm of biological objects, scientists 

and philosophers cannot have forgotten or simply ignored it; they have entertained the 

future possibility of determinate vital laws, and they have also resorted to “absolute” 

forms of indeterminism. While playing with the two possibilities (“systematicity” and 

“historicity”, see Demarest 2016), scientists and philosophers have also introduced new 

vitalistic terms (entelechy, Élan vital, Bildungstrieb, vis essentialis, and many others). In my 

view, however, these vitalistic terms can simply be treated as synonymous to life. 

However, since neither of the two possibilities (to formulate vital laws or to absolutize 

indeterminism) has been realized, what scientists and philosophers have done amount at 

best to introducing new terms synonymous to life. It then seems that Nature’s editorial 

choice of the phrase “chronic vitalism” (2007: 1032) makes perfect sense: scientists and 

philosophers have recurrently hoped to characterize the living nature, but since they can 

only introduce new but synonymous terms, the living nature simply remains 

unexplained. In a nutshell, all doctrines of vitalism in the history of science and philosophy aim 

to (directly or indirectly) address the uniqueness of life; however, since they have neither 

deterministic vital laws nor evidence for absolute indeterminism, the living nature remains 

untouched by them, despite many new vitalistic terms that have been introduced.  

3.3 To address the uniqueness of life without vitalism? 

If the whole history of vitalism leaves the living nature entirely untouched, what about 

current biology and philosophy of biology? The rest of Part II is devoted to this question. 

To do this, we examine a few logical issues relevant to current biology. As we know, one 

central motivation of philosophy of biology is to address the uniqueness of life and then 

defend the autonomy of biology (against physics). For this, current biologists and 

philosophers, while rejecting vitalism, have advanced numerous different doctrines. In 

the next five chapters of Part II, we shall examine several of these doctrines in philosophy 

of biology, anti-reductionism (chapter 4), organicism (chapter 5), evolution (chapter 6) 

and teleology (chapter 8). Chapter 7 discusses two different kinds of theories (concrete 

and general) in biology. All these doctrines, on the one hand, highlight their commitment 

to metaphysical naturalism, the so-called “scientific” worldview, and then claim to be 

ontologically superior to vitalism; but on the other hand, they also claim to have 

addressed the uniqueness of life from the epistemological point of view, without referring 



 

156 

to vitalism. In the following chapters, I argue that their promises cannot be delivered, 

unfortunately. These doctrines not only fail to address the living nature, but also suffer 

from conceptual confusions resulting from vitalistic concerns (concerns over the nature 

of life). Now as a preclude, it seems enough to first give a few terms related to these 

doctrines brief logical critiques.  

The first set of terms are related to the reductionism/anti-reductionism controversy, 

and they include those such as gene, information, and program. These terms have been 

widely used in molecular genetics since the second half of the twentieth century, along 

with major breakthroughs in gene transcription and translation. It is often maintained 

that genes possess information for directing organisms, or  that there are programs for 

organismic physiology and development embedded in DNA nucleotide sequences. 

Further, the discovery of the amino acid code table, which is of course a great 

achievement in itself, gives these terms more vivid metaphorical forces. Admittedly, the 

use of these terms is uncontroversial, if they are anchored onto DNA sequences of 

different sorts. However, this use does not indicate the only-perhaps not even the main-

way in which reductionists employ these terms. More often, as far as I see, reductionists 

move far beyond this and directly claim that organismic traits and processes are governed 

by information and programs embedded in genes. In these cases, these terms are used in 

quite strong senses as if complex processes of physiology and development were already 

pre-determined by genetic information and programs. Then my claim is that these terms 

in their strong senses, from the logical point of view, very much resemble vitalism, which 

vacuously suggests that entelechies determine some processes of physiology and 

development. The misuse of these terms has generated much unnecessary confusion and 

polemics in both biology and philosophy.   

The second notion we might consider is teleology. Similarly, there are two senses often 

associated with teleological terms. One is quite strong and suggests that, for instance in 

organismic development, a purpose, not unlike entelechy or vital force, drags the embryo 

to its adult form. This strong sense today is widely rejected as anthropomorphic 

nonsense. Yet a different sense of purpose is considered to be legitimate. This sense is 

weak and proposes that the purpose could receive a mechanistic interpretation. 

Regarding organismic development, the purpose is identified as the end product of 

embryological processes: an embryo under adequate conditions is able to realize through 

different routes its purpose, that is, the adult form. This weak sense is of course 

legitimate, but it is quite an open question whether this weak sense is worth preserving. 

The third term we hope to examine is self-organization. Apparently, this term is even 

more materialism-friendly than “purpose”. Still, we can identify two senses associated 

with self-organization. The weak sense indicates a group of facts about, for instance, 

embryological processes, that is, embryos grow into adult forms under adequate 

conditions in a lawful manner. This sense is of course legitimate, known to every student 

in biology. But there is also a strong sense associated with self-organization. In that case, 
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a magic power, similar to vital force or entelechy, is attributed to the embryo so that the 

latter is able to organize its growth and development “by itself”, literally. Needless to say, 

the latter is to be rejected.  

The fourth and last concept under consideration is the widely celebrated concept of 

natural selection in evolutionary biology. Regarding this concept we must be more 

cautious, given the ideological influence of Darwinism. But similarly, there are basically 

two senses associated with natural selection. The first, weak sense takes natural selection 

to be a passive filter, and identifies, we might say, phenomena of adaptation, or simply, 

phenomena of “the survival of the fittest”. There are two research possibilities with this 

sense of natural selection. Formally, it is possible to write mathematical equations, some 

quite complex, in population genetics to demonstrate selective processes. Empirically, it 

is possible to study a variety of empirical phenomena, showing how organisms get better 

adapted to their living environments. All these related to the first sense are perfectly fine. 

And if we define (or perhaps re-define) evolution as changes in gene/trait frequency 

rather than species transformation, it might even be legitimate to claim that natural 

selection is a cause of evolution and appears therefore a creative power. However, all 

these become problematic if we turn to a different (or perhaps the original) definition of 

evolution as the origin of new species. In this case, it will be quite odd to claim that natural 

selection in its weak sense is a cause of evolution, since new species must have already 

come into being for natural selection to operate on. As a matter of fact, to use Darwinian 

vocabularies, it is better to claim that the origin of new species is caused by (random) 

variation.  

Yet we often hear that Darwinians somehow endorse natural selection as a mechanism 

to explain the origin of new species. This is already misleading enough, and critics have 

long complained that Darwinians use natural selection as if it were a mysterious agent 

like entelechy or vital force. However, Darwinians will not accept this criticism; after 

blaming the ignorance of the critics, they will maintain that to explain the origin of 

species a theory of natural selection must include variation. So, for Darwinians, the strong 

sense of natural selection has to conceptually include both variation and the weak sense 

of natural selection. In sum, if we define evolution as the origin of new species, natural 

selection in its weak sense turns out be a passive filter; but in its strong sense, natural 

selection appears a creative power capable of generating new forms of species.6 

Given this distinction between the weak sense and the strong sense attributed to 

natural selection, I am afraid that even the most ardent Darwinians have to admit that 

the strong sense is extremely misleading; since it is obvious that the generative power to 

 

                                                      
6 But note that the influential slogan “evolution by natural selection”, which seems to attribute some creative 

power to natural selection, is compatible with both senses of natural selection. In the weak sense of natural 

selection, evolution is to be understood as changes in gene/trait frequency; in the strong sense, evolution 

attains its original sense as the origin of new species. 
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bring in new species lies exclusively in variation rather than in natural selection in its 

weak sense as a passive filter. So, it seems desirable to discard the strong sense of natural 

selection. Unfortunately, this sense of natural selection, as a matter of fact, is used not 

only in many pseudo-scientific writings on evolution, but also in evolutionary biology. 

Consider the rejection of the principle of use and disuse, through the principle of natural 

selection (as Darwinians, rather than Darwin, will way). The use and disuse principle 

suggests that the rise of a new trait is a result of its possessor’s need. By the weak sense 

of natural selection, trivially, it is not permissible to reject the possibility of the principle 

of use and disuse. The rejection can be issued, however, by treating variation as random 

(in the sense that variation does not respond to the possessor’s need). Then clearly, to 

reject the use and disuse principle, we must employ the strong sense of natural selection. 

But this is awkward. It is the random feature of variation rather than the weak sense of 

natural selection that rejects the principle of use and disuse, it seems quite inappropriate 

to artificially construct a strong sense of natural selection and assert that the principle of 

natural selection contradicts the principle of use and disuse. 

In sum, regarding all terms previously discussed, it seems adequate to preserve their 

weak senses, and it is recommendable to discard their strong senses. Further, it should be 

noted that these terms are associated with a common legislation strategy. Biologists and 

philosophers often conflate the strong and weak senses when they use these terms. When 

used in their weak senses, these terms are anchored onto some unquestionable but often 

truistic facts and laws in biology. Even though these weak senses are certainly justified, it 

is at least debatable whether they are worth more than a brief mentioning. The strong 

senses are all problematic. When used in their strong senses, these concepts appear to 

offer all-embracing “explanations”. In my view, the strong senses of these terms are all 

due to vitalistic concerns and might be judged vitalistic, from the logical point of view. 

However, their weak senses appear, rather deceptively, to legislate these terms based on 

truistic facts and laws. In consequence, it is striking that biologists and philosophers 

constantly shift between different meanings when using these terms: they use the 

stronger meanings to provide all embracing “explanations” (and also to create mystic 

speculations on the nature of life); but in response to the criticisms of the stronger senses, 

they tacitly turn to the weak senses and sometimes even condemn the critics for the 

latter’s alleged ignorance of truistic facts and laws in biology.  

Maybe some tough-minded thinkers will sneer that these biologists and philosophers 

often have confused minds and cannot think with precise concepts. This might be true; 

but I want to suggest a different and perhaps a more objective reason, in relation to the 

simple fact that biology claims to be the science of life. Indeed, all terms mentioned above 

have been intended by respective biologists to solve the riddle of life, as if the nature of 

life could be sought in these terms. We have seen that in order to explain life, vitalism at 

best yields a tautology, by introducing many new but synonymous vitalistic terms; now, 

can any of these apparently non-vitalistic terms give any clue to the question of life? 
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Hardly so, as we will suggest in the remaining chapters. Indeed, as we will see gradually, 

perhaps the abundance of confusing terms in biology, ironically, best demonstrate the 

peculiar nature of life.  

Doctrines previously mentioned, such as anti-reductionism, organicism, evolution and 

teleology, also come out of weak and strong versions in literature. Weak versions always 

rely on well-established facts and laws in biology and thereby render themselves trivially 

true, while strong versions often invite vitalism, by suggesting the possibility of various forms 

of vital laws. Indeed, similar criticisms made against above terms are all applicable to these 

doctrines. To see this, now let us look first at anti-reductionism. 
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Chapter 4  

Anti-reductionism 

4.1 Introduction 

Reduction has been a hot topic in general philosophy of science as well as philosophy of 

biology for several decades, and it concerns, very broadly speaking, the question whether 

higher-level sciences such as biology can be reduced to lower-level sciences such as 

physics and chemistry. Accordingly, most philosophers have organized themselves into 

two camps, reductionists and anti-reductionists. This chapter first focuses on issues of 

reduction in philosophy of biology; then, I hope to show that a non-trivial anti-

reductionism must end up with a successful vitalism (that is, vitalism with vital laws); in 

addition, I also suggest that any reductive explanation for the pure phenomenon of life is 

different from reductive explanation for phenomena generally viewed as biological, like 

those about organisms. To do this, I mainly use Nagel’s model of reduction, which I think 

remains the best analytical tool for issues of reduction. Of course, I must first clear up all 

misunderstandings of Nagel’s model.  

Now let me give a general overview of philosophical discussions about reduction. In 

recent years two significant monographs devoted to the topic of reduction in general 

philosophy of science appears from Gillett (2016) and Van Riel (2014). The most recent 

monograph in philosophy of biology comes from Kaiser (2015). Earlier significant 

contributions include those of Schaffner (1993), Sarkar (1998) and Bickle (1998, 2003). All 

these monographs, along with some other important articles that cannot listed here for 

the limit of space, will be discussed or at least briefly mentioned in this chapter.  

In philosophy of biology now anti-reductionists take the lead, and according to a 

recent review, “the majority of philosophers of biology are still inclined toward anti-

reductionism” (Takacs and Ruse 2013: 16). Meanwhile, some historical writings even 

suggested that one fundamental concern of the formative periods of philosophy of 
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biology was to resist the reductionist tendency of earlier philosophers of science, mainly 

logical empiricists (Hull 1969; Wolters 1999, 2018; Byron 2007; Nicholson and Gawne 2015).  

However, it is not easy to see how the reductionism/anti-reductionism debate will 

come to an end in philosophy of biology. For this let us look at an example. In 1997 an 

important philosopher of biology, Alexander Rosenberg, wrote an article entitled 

“Reductionism Redux: Computing the Embryo”. In this article he defended reductionism 

by citing “recent findings of molecular developmental biology” (445). But four years later, 

two scholars, Manfred D. Laubichler and Günter P. Wagner (2001), gave an energetic 

response. In their response, they defended anti-reductionism, notably, also by citing 

“results of modern developmental genetics” (53). Clearly, in this debate scientific 

knowledge was used to support opposite positions in philosophy, and neither side was 

able to convince its opponent. Then what is really at stake here? One might suspect that 

at least one side had a defective knowledge of current biology, but I do not think that this 

even gives a plausible answer. Rather, the stagnation of this debate points to a 

methodological mistake committed by both sides: the use of (often elementary) scientific 

knowledge to support dogmatic positions in traditional philosophy. 

Unfortunately, this is nothing new. Dogmatic metaphysics has long been an obstacle 

to an appropriate understanding of issues of reduction in science. Perhaps the biggest 

representative of dogmatic metaphysics in the reductionism/anti-reductionism debate is 

the so-called ontology/epistemology distinction (As I have suggested in the Introduction 

and chapter 3, the ontology/epistemology distinction is itself a consequence of 

metaphysical naturalism). Philosophers often start by distinguishing ontological 

reduction from epistemological reduction. Then most anti-reductionists in philosophy of 

biology emphasize that they are merely epistemological rather than ontological anti-

reductionists. For them ontological anti-reductionism will invite vitalism. Given that this 

distinction is a common presupposition of contemporary discussions on reduction, two 

strange consequences follow.  

First, some reductionists, especially those from philosophy of mind, in their 

enthusiasm for terms like “fundamental” and “identical”, imply that lower-level sciences 

are good enough and higher-level sciences are in principle dispensable or eliminable. 

Their epistemological reductionism comes directly from ontological reductionism. Their 

reasoning is simple and plain. If physical entities such as fundamental physical particles 

at lower levels are the only ontological existents, then a “complete” knowledge of these 

entities is able to yield knowledge about high-level entities (e.g., Kim 1999; Sachse 2007). 

Higher level sciences are therefore in principle dispensable, and perhaps will be 

dispensed in the future. Second, in response to reductionists, anti-reductionists stress 

that higher-level sciences are not at all dispensable (Putnam 1967; Fodor 1974; Brigandt 

2007). However, they do not directly address the simple and plain argument given by 

reductionists; instead, they go to examine the so-called real knowledge in higher-level 
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sciences. Their reasoning turns out to be equally simple and plain. Since higher level 

sciences are practiced, they are in no way dispensable.   

Of course, these two consequences are about extreme positions in the 

reductionism/anti-reductionism debate. More serious reductionists do not deny the 

epistemological value of higher-level sciences. They will tell us what they maintain is that 

higher-level sciences will be reduced to lower-level sciences in the future, for perhaps 

more detailed and complete explanations. Likewise, anti-reductionists do not deny 

ontological reductionism, and they will inform us that the view they hold is that a 

complete reduction to lower-level sciences is not possible today. These are safer 

positions, of course. But I do not think that they are unproblematic. For reductionists, 

how can they be sure that higher-level sciences will be reduced to low-level sciences in 

the future? They might respond that it is a just hypothesis. Yet this response trivializes 

reductionism: who knows about the future? Similarly, for anti-reductionists, since they 

also take ontological reductionism for granted, how can they resist the simple and plain 

argument offered by extreme reductionists? Anti-reductionists often respond that they 

prefer to examine sciences in their present status. Yet this response trivializes anti-

reductionism: who says that higher level sciences are dispensable today? Finally, both 

reductionists and anti-reductionists might return to methodological versions of their 

positions. However, that further trivializes both positions: doing higher-level or lower-

level sciences is up to scientists, what right do philosophers have to tell scientists what 

to do? 

Consequently some philosophers complain that the reductionism/anti-reductionism 

debate is not very interesting. They turn to examine the meaning of the term “reduction”, 

and they choose to deal with the following question: under what conditions can a 

reduction in science succeed? (of course, reductionists and anti-reductionists can defend 

their positions afterwards). Indeed, this is what Nagel did in his model of reduction, which 

I think represents the logical empiricist approach to reduction. In my view, importantly, 

this (from reductionism to reduction) marks a transition from metaphysical naturalism 

to transcendental philosophy.  

In the following, 4.2 is devoted to a general exposition of Nagel’s model of reduction. I 

also show how later philosophers have misunderstood Nagel’s model; one crucial 

difference between them is that Nagel had no illusions about ontological reductionism. 

As a result, Nagel’s model solely focuses on the contents of science (both present and past) 

and becomes therefore immune to any metaphysical hypostatization of scientific 

knowledge. Then from 4.3 to 4.5 I apply Nagel’s model of reduction to examine issues of 

reduction in biology. In 4.3 I contend that Nagel’s model of reduction is applicable to 

biology by deflating several influential criticisms. In 4.4 I examine empirically and 

methodologically construed theses of reductionism and anti-reductionism in biology 

with Nagel’s model, and I argue that Nagel’s view is scarcely different from-though still a 

bit better than-that of anti-reductionist philosophers of biology today. Nagel was right 
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almost on everything about reduction in biology; yet in 4.5 I take a dramatic turn and try 

to expose the limitation of even Nagel’s view of reduction in biology. I suggest that if we 

apply Nagel’s model of reduction to biology to its fullest extent, the intriguing question 

of vitalism will emerge.  

4.2 Nagel’s model of reduction in general 

Despite several recent and more reasonable interpretations of Nagel’s model of reduction 

(Marras 2002; Klein 2009; Needham 2010; Dizadji-Bahmani et al 2010; Van Riel 2011; Sarkar 

2015; Shapiro 2018), Gillett (2016) still depicted Nagel’s model of reduction as follows: 

It is important to notice four idiosyncrasies of the Nagelian model of reduction that 

we shall see have left philosophers on both sides of their debates over reduction 

with a rather odd set of concerns.  

(i) The semantic model implicitly saddles reductionists with an account of scientific 

explanation at odds with scientific practice because it excludes compositional 

explanations. The Nagelian model of reduction thus simultaneously offers 

controversial accounts of both reduction and explanation in the sciences.  

(ii) Nagelian reduction is a semantic, rather than ontological, account of reduction, 

since it focuses on statements and theories.  

(iii) Semantic reduction is the epitome of Dennett’s greedy reductionism, since it 

entails that all higher sciences are, at least in principle, dispensable and, on the flip 

side, implies that lower sciences, again at least in principle, are explanatorily 

omnipotent. 

(iv) Nagelian reduction also appears to be ontologically greedy as well, since it 

requires we identify every predicate of a higher science with a predicate of the 

lowest science in fundamental physics and thus appears to entail that the whole of 

reality is swallowed up by the single level of entities referred to by the predicates 

of fundamental physics. (47) 

I am a bit surprised when I first read this depiction. None of the four characterizations of 

Nagel’s model makes sense (see below), and giving such a depiction only invites doubts 

about whether the author has read anything from Nagel. Anyway, now let us look at 

Nagel’s model itself and some more reasonable interpretations.  

In a series of articles from the 1930s to the 1970s, Nagel developed one of the most 

influential accounts of reduction in philosophy of science (1935, 1936b, 1949b, 

1979a/1961, 1979b/1970). Now both reductionists and anti-reductionists turn to Nagel’s 

model of reduction for either bases of improved accounts, or targets of criticisms. In 

addition to general issues about scientific reduction, those specific to the philosophy of 



 

 165 

biology also drew Nagel’s attention. In later years Nagel made several contributions to 

the analysis of reductive explanations in biology (1979a/1961, 1979b/1970). At the same 

time, though a periphery figure, Nagel was also involved in contemporary debates with 

biologists (Mayr and Nagel et al 1969). 

However, since the decline of logical empiricism Nagel’s model of reduction has been 

discredited for a variety of inter-connected reasons. According to the critics, Nagel’s 

model is inadequate, because it rests on the outdated syntactic view of scientific theories 

and the deductive-nomological model of explanation (or the covering-law model), it leads 

to formal trivialities, and it endorses a problematic notion of bridge laws (for a summary, 

see Van Riel and Van Gulick 2016). 

Some philosophers of biology pick up these general criticisms when criticizing Nagel’s 

model. Additionally, they turn to special issues in biology and contend that Nagel’s model 

is inapplicable in the science of life. For instance, Marie Kaiser claimed recently that the 

failure of Nagel’s model in biology is “almost a consensus” (2015: 87), and it is time to 

“move beyond Nagelian reduction” (84). In general, three criticisms exist in philosophy 

of biology. First, Nagel’s model needs precisely formulated theories and laws, but they are 

largely absent in biology. Second, Nagel’s model (and reductionism in general) 

underestimates the “complexity” of biology because it fails to capture the many-many 

relations between different biological properties at different levels. Third, Nagel’s model 

is too artificial to reflect the structure of explanations used in real biological practice (For 

a summary, see Brigandt and Love 2017). 

All these criticisms will be elaborated below, before I suggest possible Nagelian 

responses. But despite these, in recent years a few philosophers have started to uncover 

the subtleties within Nagel’s model and defend some improved Nagelian accounts. In 

addition to Kenneth Schaffner earlier on, who has long been a sympathizer of Nagel’s 

model, more recently philosophers either reject some of the criticisms as sheer 

misunderstandings (e.g., Van Riel 2011, 2014; Sarkar 2015), or develop improved models 

of reduction (e.g., Dizadji-Bahmani et al 2010). 

Between the critics and the sympathizers of Nagel’s model, in general I agree with the 

latter, but I do not assent to everything they say. In my view, despite progress they have 

made, the sympathizers still fail to fully grasp the nature of Nagel’s model. The failure is 

due to, I suggest, an insufficient appreciation of the central concern of Nagel’s model, and 

more broadly speaking, the nature of logical empiricism. Nagel’s model of reduction 

represents the logical empiricist attitude to science. In relation to issues of reduction, 

logical empiricism has long been conceived of as pursuing a “foundationalist” (Wimsatt 

2006: 472) project which models itself on the explanatory ideals imposed by modern 

physics. However, as I have suggested in the Introduction, logical empiricism has no 

foundationalist concerns and it only attends to the logical analysis of special sciences, 

which of course includes biology. 
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Nagel’s model of reduction aims to render clear the idea of reduction in empirical 

sciences. Given the extensive but often-imprecise use of the term “reduction” in scientific 

practice (description), Nagel’s model aims to recommend conditions of applying this term 

in a more precise way (prescription). In other words, it suggests criteria for accepting 

scientific explanations as successful reductions. Nagel’s model of reduction took shape in 

his 1935 article, “the Logic of Reduction in the Sciences”. In this brief exhibition Nagel 

wrote: 

In general, an entity E is analyzed as a complex Γ of entities a1, …an. These latter are 

defined by means of laws g which connect phases α1, α2 etc. of their behavior in 

context ∑. Phases Øi of E’s behavior in ∑, are connected by functions hi to the phases 

α1, α2 etc. When the entities a1, …an occur in complex Γ; the function h thus state the 

conditions for the occurrence of the Ø’s in terms of the occurrence of the α’s. 

Finally, functions fi will be found connecting the Ø’s with each other, and will thus 

state the conditions for the occurrence of a Ø in terms of the occurrence of other 

phases of E. (Nagel 1935: 47) 

Nothing essential changed in Nagel’s later formulations, except that he came up with 

terms such as “statement”, “theory”, “formal conditions of connectability and 

derivability” and “bridge laws” to give a more precise illustration. Nonetheless, these 

terms could be identified with formal symbols above with ease. In Nagel’s model, a 

statement gives us information about an entity (E, a1, …an) in certain phase (Ø, α1, …α2). A 

theory is a system of such statements. It is also easy to identify the later influential bridge 

laws and the two formal conditions. The function h (a set of hi functions) gives the bridge 

laws, by stating “the conditions for the occurrence of the Ø’s in terms of the occurrence 

of the α’s”. The bridge laws connect Phases Øi of E’s behavior to phases αj of aj’s behavior (j 

= 1, 2…n), and as a result the law f “connecting the Ø’s with each other” could be derived 

from the law g connecting the α’s plus the bridge laws. 

A bit digression. In the 1935 article Nagel used ontological formulations, and later in 

his 1961 monograph he preferred epistemological or semantic formulations. But this does 

not mean that Nagel made a transition from ontological reduction to epistemological or 

semantic reduction. As I mentioned in the Introduction, in logical empiricism 

(pragmatism, Neo-Kantianism and phenomenology) no dogmatic distinction between 

ontology and epistemology or semantics can be made; and if one insists on using these 

terms, they are just inseparable (Nagel 1929a, b; Carnap 1950). Therefore, Gillett (2016)’s 

first two accusations make no sense. He did not know Nagel’s 1935 article (“compositional 

explanations”, 47), nor did he understand logical empiricism (“a semantic, rather than 

ontological, account of reduction”, 47). I must add that the latter is a very delicate point, 

and even sophisticated authors like Van Riel (2011, 2014) mistook Nagel for drawing the 

ontology/epistemology distinction. Van Riel believed that he made a new point, since he 

found that Nagel’s model appeared to deal with ontological issues as well (“ontological 
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links a posteriori”, 2011: 367; criticized by Sarkar 2015). However, to emphasize again, for 

Nagel ontological issues are inseparable from epistemological issues. The prevalent but 

uncritical commitment to the ontology/epistemology distinction, shown in most authors, 

attests the influence of metaphysical naturalism.  

Back to Nagel’s model. Through the symbols above (E, Γ, a, g, α, ∑, Ø, h, f) Nagel 

presented his model of reduction in a purely formal way. Being formal, Nagel’s model at 

this stage does not give any actual example of a successful reduction between two sets of 

statements. In the terminologies of first-order logic, at this stage the symbols within 

Nagel’s model have not received any meaningful interpretation. Interpretations are to be 

offered by empirical or substantive contents of the sciences. First, the laws (g, h, f) could 

be either quantitative (more common in physical sciences) or qualitative (more common 

in biological and social sciences). Second, the symbols (E, Γ, a, α, ∑, Ø) are to be identified 

with objects and properties in a certain domain specified by a particular science.  

Further, in addition to formal conditions of connectability and derivability, Nagel also 

advanced nonformal conditions of accepting relation between two sciences to qualify as a 

successful reduction (by the way, these are “substantive issues” for Sarkar 1998, 2015). 

For Nagel, this was to prevent a trivial “formal exercise” (1979a/1961: 361). Of nonformal 

conditions, Nagel requested that bridge laws must not be ad hoc, and that the reduction 

needs to produce novel predictions and contribute to theoretical integration and 

empirical success. Since Nagel’s formulation of nonformal conditions has long been 

ignored, let me illustrate these in some detail with Nagel’s own example from the history 

of thermodynamics and statistical mechanics. According to Nagel, if statistical mechanics 

remained at the stage when “the Boyle-Charles’ laws were the sole experimental law 

deducible from the kinetic theory of gases” (359), the so-called reduction of 

thermodynamics to statistical mechanics would not be counted as a significant 

achievement: it was clear that the Boyle-Charles law had long been well-established in 

thermodynamics, and its validity did not rely on its deducibility from the kinetic theory 

of gases and related bridge laws. The connecting bridge laws appeared ad hoc and failed 

to bring any novel prediction. However, when statistical mechanics and thermodynamics 

evolved to a different stage in which, for instance, “the second law of thermodynamics as 

well as the Boyle-Charles’ law are derivable from statistical mechanics, although in 

classical thermodynamics these laws are stated as independent primitive assumptions” 

(360),1 physicists would start to consider the reduction as an important achievement. The 

 

                                                      
1  Or even a more impressive stage when, generally speaking, “the reduction…not only supplies a unified 

explanation for the laws of the former discipline [thermodynamics]…it also integrates these laws so that directly 

relevant evidence for any one of them can serve as indirect evidence for the others, and so that the available 

evidence for any of the laws cumulatively supports various theoretical postulates of the primary science” (Nagel 

1979a/1961: 361). To prevent similar formal trivialities, Dizadji-Bahmani and his colleagues developed Nagel’s 
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reduction was then not artificially made by adding ad hoc assumptions, and clearly it 

produced unprecedented results and contributed to the integration and progress of 

thermodynamics and statistical mechanics. 

Nagel’s reference to the history of science attests his concern with empirical (or 

substantive) issues of reduction. After all, the symbols within Nagel’s model of reduction 

must receive interpretations from empirical sciences. Moreover, since “sciences have a 

history” (369), in accordance with scientific development, new meanings will be assigned 

to these symbols, which will designate new laws, objects and properties. Then it is a 

truism that “the reduction of one science to another involves a tacit reference to a date” 

(Nagel 1949: 129). The date gives the historical context which determines the system of 

statements established in contemporary sciences. To have actual cases of reduction, the 

reference to a historical context, though sometimes tacit, is indispensable. 

More broadly speaking, Nagel’s model of reduction “deepens” the general logical 

empiricist approach, as Friedman has suggested, the “logical analysis of special sciences” 

(Friedman 1991: 515). To apply Nagel’s model, one first conducts a logical analysis, that is, 

putting empirical statements available in contemporary sciences (or sciences in other 

historical contexts) in a proper logical order. With respect to every well-solved problem 

in the sciences, as the result of the analysis will show, respective statements could be 

presented as deriving from other statements, and out of these derivations deductive-

nomological explanations could be constructed. Next, the formal and nonformal 

conditions operate as criteria to decide whether the relation between the two sets of 

statements, or a particular scientific explanation, should be counted as a successful 

reduction. Finally, as Nagel’s model of reduction suggests, the term “reduction” is 

applicable to the relation between two sets of statements if and only if both formal and 

nonformal conditions are satisfied. 

Bearing these in mind, it is easy to show that one influential criticism of Nagel’s model 

misses the point. This criticism claims that Nagel’s model is a typical product of the logical 

empiricist tradition, and it is based on the syntactic view of scientific theories and the 

deductive-nomological model of explanation. Along with these doctrines, according to 

the critics, Nagel’s model exemplifies all the defects of the received view in philosophy of 

science. In consequence, as the critics further suggest, Nagel’s model only focuses on 

formal issues and neglects empirical matters in real scientific practice (Hull 1974, 1979; 

Wimsatt 2006; Kaiser 2012). But in my interpretation of Nagel’s model, little evidence 

supports this criticism. Even though Nagel’s model in its formal aspect could be presented 

as a system of symbols, these symbols are not intended to support a formal exercise, but 

 

                                                      
concern by offering the conditions of non-redundancy and imminence (Dizadji-Bahmani et al 2010: 408), though 

in my view these two conditions do not exclude Nagel’s example of spurious reduction previously mentioned. 
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to be assigned to concrete objects, properties and laws in empirical sciences. This is how 

Nagel’s model of reduction achieves empirical significance. 

The empirical relevance of Nagel’s model can be better appreciated through the 

following three considerations of Nagel’s emphasis on the historical context of science 

(Sarkar 2015 admirably addressed this point). In the first place, the focus on historically 

changing empirical sciences frees Nagelian philosophers from dogmatic concerns usually 

associated with metaphysical naturalism, and they do not need to pursue any complete, 

ultimate, or absolute knowledge. Even though a complete reduction between two sciences 

is not logically impossible, the open and historical character of scientific knowledge, as 

Schaffner (2012) alluded, indicates that a successful reduction is always partial and 

revisable: new phenomena will for sure appear in the reduced science, so new postulates 

in the reducing science and new bridge laws will be in need (e.g., new genes for new 

organismic traits); currently accepted bridge laws might prove only operable in specific 

contexts, which will be made explicit in the future (e.g., temperature limits for the proper 

functioning of certain cells). So, it is intellectual hubris to treat temporary successful 

reductions as expressing eternal truths about metaphysical relations between different 

sciences. Conversely, it is equally unacceptable to take the present failure of an attempted 

reduction to be decisive evidence against possible success in the future. Indeed, at his 

time Nagel himself was deeply upset by dogmatic formulations of reductionism and anti-

reductionism from his contemporaries. As to arbitrary claims such as “the properties of 

water could be deduced from a complete knowledge of the properties of its components” 

(Nagel 1949: 130) or its opposite denial, Nagel complained that these claims convert 

analytic tasks of clarifying scientific statements into senseless quarrels about “dogmas of 

a footless ontology” (134), and the antinomy between reductionism and anti-

reductionism degenerates into a concern of “an obscure and inconclusive dialectic” 

(130).2 

In the second place, the historical context, according to Nagel, illuminates the nature 

of the bridge law. On this point some current interpretations of the bridge law appear 

inadequate. Concerning the nature of the bridge law Dizadji-Bahmani et al (2010) decides 

in favor of “factual claims,” rather than “convention” or stipulation (403-04).3 But for 

Nagel, “these alternative claims…are not necessarily incompatible” and it depends “on 

 

                                                      
2 Colin Klein claimed that discussions about reduction have gone back to “metaphysical relationships” (2009: 

40), and listed some authors who defend metaphysical doctrines of reductionism. On the other hand, Stéphanie 

Ruphy similarly called for “metaphysical abstinence” (2005: 105). She also listed several authors who opt for 

anti-reductionism as a metaphysical stance. If these depictions are correct, presumably Nagel’s warning still 

applies to a few current metaphysical formulations of reductionism and anti-reductionism. 
3 In Dizadji-Bahmani et al (2010), the meaning of the term “convention” is different from that used by Nagel, 

who was more inclined to take a convention as a hypothesis, or a “tentative assumption” (Van Riel 2011: 366). 
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the mode adopted for articulating a theory in a particular context” (Nagel 1979a/1961: 

356).4 In his interpretation of thermodynamics and statistical mechanics, according to 

Nagel, at an early stage when “proportionality of temperature to the mean kinetic energy 

of gas molecules” was “the sole link between the theoretical notions of the primary 

science and experimental concepts of the secondary one” (356), the bridge law should be 

taken as a convention or stipulation inaccessible to empirical tests; yet at a later stage 

when more “coordinating definitions are introduced for others pairs of theoretical and 

experimental concepts” (356), that very proportionality was then capable of indirect 

confirmation as long as the values of temperature and mean kinetic energy were 

independently calculated or obtained from other concepts, the bridge law became a 

physical hypothesis about empirical facts.5 

In the third place, Nagel’s emphasis on the historical context throws some new lights 

on later improvements of Nagel’s model, notably by Schaffner and new wave 

reductionists. Since Ronald Endicott (1998, 2001) and Dizadji Bahmani et al (2010) have 

shown that the new wave model of reduction is merely Nagel’s model phrased in different 

terms, I only focus on Schaffner’s generalized model of reduction. Schaffner developed 

this model in a series of writings (1967a, 1969, 1974a, 1974b, 1977, 1993), and clearly some 

early influence came from more historical-minded philosophers such as Thomas Kuhn 

(1970/1962) and Paul Feyerabend (1962). In its most mature version (1977, 1993), 

Schaffner argued that for both reducing theory (Tf) and reduced theory (Tp), before 

conducting a successful reduction the original versions of Tp and Tf might have to be 

modified or corrected into Tp
* and Tf

*, by taking in new bridge laws, approximations, and 

strong analogies. Schaffner’s improved model is sophisticated in itself, and he has used 

his new model to deal with numerous examples from molecular biology of considerable 

 

                                                      
4 The question of the epistemic status of the bridge law, more generally speaking, leads us to the analytic-

synthetic distinction. Logical empiricists generally accept that the distinction could only be meaningfully drawn 

in certain context (not only a historical context fixing a particular time in the history of science, but even a 

more specified context with respect to a particular problem situation). For example, see Feigl’s interpretation 

of Newton’s second law (1956: 10) and Carnap’s analysis of natural language (1952). 
5 Van Riel (2011) interprets bridge laws as stating “ontological links (identities or relations among extensions) 

posteriori” (367). In my view this interpretation is correct, as long as we stress that the term “ontology” is to 

receive its meaning in transcendental philosophy rather than metaphysical naturalism (Nagel 1979b/1970: 105-

07). But it seems to me that many interpretations of Nagel’s bridge laws, against Nagel’s own intention, read the 

term “ontology” in a metaphysical manner, which mistakenly establishes the unreality of the properties and 

entities in the reduced science. Nagel also worried about this misreading (1979b/1970: 107). In my view, this 

worry can be dispensed by more explicitly placing Nagel’s model in transcendental philosophy. In metaphysical 

Naturalism, since it presupposes that higher-level entities are ontologically dependent on lower-level entities, 

it is easy for some authors to claim that higher-level entities are unreal or less real than low-level entities. 

However, in transcendental philosophy higher-level entities are as real as lower-level entities, and it makes no 

sense to talk about ontological dependence in the metaphysical sense.  
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complexity (Schaffner 1993: 431). However, given Nagel’s emphasis on the historical 

context, Schaffner’s improvement turns out to be less significant. Similar to Nagel’s, 

Schaffner’s model in its formal aspect consists of a set of symbols waiting for 

interpretation. But since Schaffner’s model explicitly takes the theory dynamics (from Tf 

to Tf
*, Tp to Tp

*) into account, it puts Nagel’s more or less implicit emphasis on the 

historical context onto the table. Predictably Nagel would hardly have found Schaffner’s 

improvement unacceptable. The symbols in Nagel’s model of reduction are to be assigned 

with new meanings as science advances, and the advancement of science will naturally 

lead to the introduction of new objects, new properties and new laws. As a result, both 

reducing theory and reduced theory will be subject to necessary modification and 

correction. After all, in Schaffner’s model, the reduction of Tp
* to Tf

* still constitutes a 

Nagelian reduction, even though it is not possible to reduce Tp to Tf. As a matter of fact, 

Schaffner’s improved model, though paying explicit attention to the historical 

development of empirical sciences, has not really improved Nagel’s model of reduction.6 

In sum, if one has accepted Nagel’s model, the rest of the task is solely concerned with 

scientific knowledge available. To obtain actual cases of scientific reduction in certain 

historical context, one needs to apply both formal and informal conditions to check 

statements available in contemporary sciences. There results a successful reduction if and 

only if formal and informal conditions are both satisfied. Yet such a success could only be 

temporary. As science advances, previous successful reductions might turn out to be 

unsatisfactory and need improvements, and cases inaccessible to reductive formulations 

might be able to meet the formal and informal conditions in the future. The ever-

changing character of scientific knowledge requires Nagelian philosophers to keep an 

open mind. After all, Nagel’s model of reduction only provides criteria, but the 

clarification of scientific knowledge is a never-ending task. 

4.3 Nagel’s model of reduction in biology 

I have shown that Nagel’s model is much subtler and avoids a few general criticisms. Now 

I defend the applicability of Nagel’s model in biology. My strategy is still to expose the 

inadequacy of the criticisms, yet now from the standpoint of biological knowledge. In 

 

                                                      
6 Nagel continued working on reduction without mentioning Schaffner’s first article (1967a). Evidence shows 

that Nagel might take it as a natural development (not necessarily an improvement) of his own model. For 

instance, Nagel allowed the reduced science to be augmented and corrected in its “currently accepted body of 

laws” (Nagel 1979a/1961: 360). More generally speaking, the often made criticism (repeated recently by Sarkar 

2015) that Nagel’s model does not allow correction or even approxiamation fails to apply.  
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philosophy of biology the most influential criticism of Nagel’s model claims that biology 

does not have theories and laws as precisely formulated as those in physics, so it is 

impossible to apply Nagel’s model to biology. To put it in a different way, according to the 

critics, Nagel’s model only gives “theory reduction”, which narrowly relies on a system 

of precisely formulated laws; in contrast, biology opts for “explanatory reduction”, which 

accounts for “fragments of a theory, generalizations of varying scope, mechanisms, and 

even individual facts” (Brigandt and Love 2017: 21; also see Wimsatt 1974; Waters 1990; 

Sarkar 1992; Kaiser 2012). 

Yet as we have seen, Nagel’s model only requires statements, which do not have to be 

laws as precise as those in physics. “Fragments of a theory, generalizations of varying 

scope, mechanisms, and even individual facts”, as long as they describe certain states of 

affairs, could be re-formulated as statements with ease. Moreover, Nagel explicitly 

treated a theory as a “system of statements” (Nagel 1979a/1961: 346) with respect to 

problems in the sciences. In consequence, Nagel would take types of “explanatory 

reduction” endorsed by philosophers of biology today to be types of “theory reduction”. 

The critics of Nagel’s model appear to miss the point and have been debating over an issue 

of terminology.7 

There are two additional criticisms worth mentioning. These two criticisms are usually 

made against reduction (or reductionism) in general, but sometimes they are also used to 

discredit Nagel’s model. The first criticism is motivated by the thesis of multiple 

realization, and it claims that a complete reduction is almost impossible in biology, for 

the existence of many-many relations between properties at different levels. As the 

critics rightly observe, a biological property at a higher level could be “realized” by, or 

“correlated” with, diverse physico-chemical properties at lower levels. Conversely, a 

physico-chemical property at a lower level is related to the “realization” or “presence” of 

quite different biological properties at higher levels (Brigandt and Love 2017: 27-39). 

Admittedly, these observations do make a point that regarding a higher-level property 

a complete knowledge of its reductive bases is almost impossible. It is difficult, however, 

to see how this point is relevant to Nagel’s model of reduction. Regarding the question 

whether a complete reduction is possible, it is solely determined by knowledge in 

empirical sciences rather than Nagel’s model. Moreover, as it is shown above, due to the 

historical and open character of scientific knowledge, successful reductions in Nagel’s 

model are often partial and incomplete. But this by no means suggests that these results 

 

                                                      
7 Schaffner (1993: 437) and Van Riel (2011: 360-1) made the same point. In my view, what the critics have raised 

is a different matter. They are certainly right that in contrast to biology, physics in some of its domains gives 

statements formulated as precise laws. However, this observation only applies to empirical contents of physics. 

It is the contents of physics that decide so, and the fact that those of biology do not is irrelevant to the question 

of the applicability of Nagel’s model. 
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are useless. After all, concerning a higher-level property, the identification of even one 

reductive base and the formulation of related bridge laws already contributes to the 

progress of scientific knowledge.8 

The second criticism claims that reduction is not necessary in biology, and reduction 

is not always relevant to biological progress. Moreover, inspired by the recent neo-

mechanistic account of scientific explanations, it suggests that biology has long moved 

beyond reduction, and neo-mechanistic accounts associating entities and properties at 

different levels provide better illustrations for biological explanations (Machamer, 

Darden and Craver 2000; Craver and Darden 2013; Brigandt 2013; Brigandt and Love 2017: 

45-53). In my view this observation is correct, and the neo-mechanistic account of 

scientific explanations is much more intimate to the discourse conducted by biologists in 

practice. However, it is again irrelevant to Nagel’s model of reduction. Nagel’s model only 

provides criteria of accepting successful reductions. It could not, nor it is intended to, 

force biological practice to pursue reduction. As we shall see soon in 4.4, Nagel himself 

agreed with the critics that reduction is not necessary for biological progress. 

To strengthen my argument, it is useful to offer a case study to indicate how to apply 

Nagel’s model in biology. To do this, the best way to start is to examine case studies 

offered in alternative accounts of reduction, which claim to be superior to Nagel’s mere 

“theoretical reduction”. Their claimed superiority relies on the allegation that these case 

studies are incomprehensible within Nagel’s model. Now to prove that this allegation is 

unsound, I re-formulate one case study with Nagelian terms, and show that Nagel’s model 

of reduction is indeed applicable in this case and biology in general.  

In several articles Kenneth Waters first modified, but finally moved beyond 

“theoretical reduction” (1990, 1994, 2000, 2009). As a replacement, he proposed a less 

theory-dominated philosophical approach to re-conceive of the relation between 

classical genetics and molecular genetics (2009). For Waters, this relation was no longer a 

mere reduction; instead, new explanatory reasoning and investigative practice in 

molecular genetics retooled the genetic approach first available in classical genetics. 

Waters used the study of the function of the protein β-spectrin to demonstrate this point. 

Previous experimental results showed that C. elegans lacking β-spectrin indicate neuronal 

defects, and the new series of experiments Waters described aimed to determine more 

precisely its function in neurons. One hypothesis was that β-spectrin facilitated the 

growth of neurons including both axons and dendrites; the alternative hypothesis 

maintained that β-spectrin was to protect neurons from acute strains caused by body 

 

                                                      
8 Goosens (1978: 90) and Sarkar (1998: 153-4) make the same point. In addition, it seems to me that some critics 

take the difficulty of a complete reduction as a problem, because they mistake logical empiricism as pursuing a 

foundationalist project pushing a metaphysical unity of science. The traditional conception of logical 

empiricism has not really changed in philosophy of biology (e.g., Hull 1974, 1979; Wimsatt 2006: 472; Kaiser 2015: 

90). 
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movement. It was known that one important gene indispensable to the production of β-

spectrin was unc-70. According to Waters, the first hypothesis was falsified, because 

several experiments indicated that a mutation of unc-70 (leading to the absence of β-

spectrin) failed to affect the growth of nerve cells in general. In contrast, the second 

hypothesis was partially confirmed, for the following two types of experimental results. 

First, if the unc-70 mutated worm was prevented from moving through interference RNA 

deactivating a muscle myosin gene, then the worm no longer exhibited neuronal defects; 

second, if the unc-70 mutated worm’s twitchin gene (another motion-relevant gene) was 

deactivated, then the worm exhibited fewer neuronal defects. 

According to Waters, this case study demonstrated well that molecular genetics 

enriched and transformed reasoning and practice in the old classical genetics. While this 

claim is certainly true, it does not contradict Nagel’s model. Indeed, Waters’ case study 

could be re-formulated by using Nagelian terms with ease. In all these experiments there 

are at least nine law statements. The first six are already accepted and taken for granted, 

and the latter three are new experimental results. All these law statements take the 

normal conditions of C. elegans’s neurons as the starting point. 

(1) If β-spectrin is absent, then the worm exhibits neuronal defects.  

(2) If the growth of neurons is affected, then the worm exhibits neuronal defects.  

(3) If neurons are harmed by acute strains caused by body movement, then the 

worm exhibits neuronal defects. 

(4) If β-spectrin is absent, then the growth of neurons is not affected.  

(5) If the muscle myosin gene is deactivated, then the worm body movement is 

severely affected.  

(6) If the twitchin gene is deactivated, then the worm body movement is affected.  

(7) If β-spectrin is absent and the muscle myosin gene is deactivated, then the worm 

exhibits much fewer neuronal defects.  

(8) If β-spectrin is absent and the twitchin gene is deactivated, then the worm 

exhibits much fewer neuronal defects.  

(9) If β-spectrin is absent, then the neurons are harmed by acute strains caused by 

body movement.  

Although this is not an exact formal reconstruction, it is enough to assert informally that 

(9) is supported by (3), (5) / (6), and (7) / (8). More importantly, each statement could be 

re-formulated with Nagelian terms. Take the final conclusion (9) as an example. (9) is 

itself a bridge law, the reduced statement is that “the neurons are harmed by acute strains 

caused by body movement”, and the reducing statement is that “β-spectrin is absent”. 

The reduced statement could then be derived from the reducing statement plus the 

bridge law. Moreover, all these statements, from (1) to (9), specify the reductive relation 

between different biological levels (gene, protein, neuron, and organism). Finally, it goes 

without saying that this alleged successful reduction is far from complete, and it is almost 

certain that new genes, new proteins and new bridge laws will be identified in the future. 
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Similar translations by using Nagelian terms, I believe, can be offered for Sarkar’s 

“strong reduction” in molecular biology (Sarkar 1998: 45, 159-68), John Bickle’s “ruthless 

(new wave) reduction” in neuroscience (Bickle 1998: 65-74; 2003: 117-31), as well as the 

most recent Kaiser’s “ontic account” of reduction in molecular biology (Kaiser 2015: 232-

6, 244). These alternative accounts attend to considerable details in different biological 

sciences, with which Nagel himself might not be sufficiently familiar. However, with 

respect to the empirical contents of biology they have considered, these alternatives 

accounts do not in principle contradict Nagel’s model. They differ from Nagel’s model, 

only in their ways of presenting these contents. While it is arguable whether the formal 

reconstruction endorsed in Nagel’s model and logical empiricism is always the best way 

of presenting biological knowledge (it appears not, for most biologists), the applicability 

of Nagel’s model in biology should now be clear. Nagel’s model does not need theories 

and laws as precise as those in physics, nor does it pursue a full-scale reduction with a 

complete knowledge of reductive bases. Finally, even though the formal reconstruction 

might be alien to biologists who are more used to biological explanations formulated in 

neo-mechanistic concepts, it neither adds nor removes information already contained in 

these explanations. The goal of the formal reconstruction is merely to help check, in a 

more efficient and precise way, whether criteria (especially the formal conditions) 

suggested in Nagel’s model of reduction are fully satisfied. 

4.4 Nagel’s view of reductionism and anti-reductionism in 

biology 

In this section I apply Nagel’s model of reduction to assess current biological knowledge. 

In particular, I evaluate the theses of reductionism and anti-reductionism in biology in 

light of Nagel’s model of reduction. In the following I start with anti-reductionism and 

move to reductionism later. 

 

4.4.1 Anti-reductionism 

Reduction is a major topic in philosophy of biology. In general, philosophers are 

concerned with the reduction of classical genetics to molecular genetics, or more broadly 

speaking, the reduction of functional biology to molecular biology (Ruse 1971; Rosenberg 

2006), or even the reduction of biology to chemistry and physics. On these questions anti-

reductionists take the lead and constitute the majority today (Kaiser 2015: 90). But at the 
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same time, they also want to stress that their stance is merely epistemological anti-

reductionism, and by no means they oppose ontological reductionism, which takes it for 

granted that “each particular biological system (e.g. an organism) is constituted by 

nothing but molecules and their interactions” (Brigandt and Love 2017: 2).  

Epistemological anti-reductionism is the central concern of philosophers of biology, 

and it consists of the following two theses: 

The first thesis of anti-reductionism: Non-molecular phenomena are indispensable, 

and biology makes progress by studying these phenomena. 

The second thesis of anti-reductionism: Numerous non-molecular phenomena at 

higher levels receive no reductive explanations at the molecular level. 

In the following I show that Nagel’s model of reduction forces us to accept the two theses. 

And this was even explicitly acknowledged by Nagel himself.  

It is obvious that Nagel would accept the first thesis of anti-reductionism. First, the 

formal condition of connectability requires statements from the reduced science, 

otherwise there is nothing left there to be deduced from the reducing science. Second, 

the condition of derivability maintains that statements from the reduced science must 

receive adequate formulations before a successful reduction. It then follows that the 

study of higher-level properties is by no means negligible and it contributes to biological 

progress. As a result, “the reduction of biology to physics is not a necessary condition for 

the advancement of biological knowledge” (Nagel 1979b/1970: 116-7). Indeed, Nagel 

accepted the first thesis of anti-reductionism with much ease, and for him it was a truism 

(Nagel1979a/1961: 371). By the way, this also implies that Gillett’s last two accusations 

make no sense (“all higher sciences are, at least in principle, dispensable” and “identify 

every predicate of a higher science with a predicate of the lowest science in fundamental 

physics”). 

Regarding the second thesis of anti-reductionism a more interesting story could be 

told. Still, forced by his model of reduction, Nagel would accept the second thesis. To see 

this let us look at Philipp Kitcher’s 1984 influential article, “1953 and All That. A Tale of 

Two Sciences”, which directly uses Nagel’s model to discredit reductionism. Kitcher used 

Nagel’s model to examine the relation between classical genetics and molecular genetics. 

To yield a successful reduction, according to Kitcher, the following three theses must be 

accepted: 

(R1) Classical genetics contains general laws about the transmission of genes which 

can serve as the conclusions of reductive derivations.  

(R2) The distinctive vocabulary of classical genetics can be linked to the vocabulary 

of molecular biology by bridge principles. 

(R3) A derivation of general principles about the transmission of genes from 

principles of molecular biology would explain why the laws of gene transmission 

hold (to the extent that they do). (Kitcher 1984: 339) 
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In the following I will refrain from dealing with (R1), because in section 3 I have shown 

that this is an unfair requirement, and not necessary for a successful reduction. But (R2) 

and (R3) are quite interesting, since Kitcher explicitly incorporated (or “translated”) the 

two formal conditions of connectability and derivability into the context of the two 

genetics.  

According to Kitcher, both (R2) and (R3) are incorrect. Concerning (R2), Kitcher first 

construed the bridge law as the form of  ∀𝑥(𝑥 𝑖𝑠 𝑎 𝑔𝑒𝑛𝑒 ↔ 𝑀𝑥) and then loosened it into 

∀𝑥(𝑥 𝑖𝑠 𝑎 𝑔𝑒𝑛𝑒 → 𝑀𝑥), with Mx as a statement in molecular genetics. But for Kitcher, 

one could not simply identify a gene with a segment of DNA; and if this is done “by brutal 

force” (345) through enumeration in the first form of bridge law, or even makes some 

partial success in the second form, laws at the molecular level will be “essentially 

disjunctive” (345). As a result, Kitcher concluded that “reductionists cannot find the 

bridge principles they need” (345), so “(R2) is false” (345). Then concerning (R3), Kitcher’s 

reasoning is a bit odd. If I read correctly, Kitcher first claimed that cytological 

explanations are enough to explain the laws of transmission of gene in classical genetics, 

and molecular details are unnecessary and redundant. Then he concluded that principles 

from molecular biology are not helpful to explain gene transmission, and (R3) is therefore 

false.  

Kitcher’s overall argument is unsatisfying on several points, such as his formulation of 

bridge laws, his dismissal of disjunctive statements and “unnecessary” molecular details.  

Yet in terms of our purposes, Kitcher excellently argued that according to the criteria set 

up in Nagel’s model of reduction, the complete reduction of classical genetics to 

molecular genetics is not taking place. To put it in a different way, Kitcher appeared to be 

a faithful disciple of Nagel’s model and he used it to assess the global relation between 

classical genetics and molecular genetics. Since the two formal conditions are both 

unsatisfied (in Kitcher’s words, both (R2) and (R3) are false), the reduction of classical 

genetics to molecular genetics fails inevitably.  

Rejoinders from reductionists (in very broad senses) to dispute Kitcher’s conclusion 

have not been lacking, but I will leave them for section 4 when dealing with the thesis of 

reductionism in biology. Now I only intend to indicate Nagel’s agreement with anti-

reductionists. For this, it is essential to understand that Nagel would never oppose 

Kitcher’s general conclusion. Though Nagel was concerned with a much broader question 

about reductionism, namely, the reduction of biology to physics, he concluded as if he 

were sharing Kitcher’s concern:  

We do not know at present, for example, the detailed chemical composition of 

chromosomes in living cells. We are therefore unable to state in exclusively 

physico-chemical terms the conditions for the occurrence of those organic parts, 

and hence to state in such terms the truth conditions for the application of the word 

‘chromosome’…Accordingly, in the current stage of biological knowledge it is 
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logically impossible to deduce the totality of biological laws and theories from 

purely physicochemical assumptions. (Nagel 1979a/1961: 434) 

Obviously, Nagel understood very well that the situation of biology only indicates that 

“the task of satisfying the first of these conditions [connectability and derivability] is still 

far from completed” (434), and the reduction of biology to physics is far from a real 

success.  

Nagel’s reasoning is scarcely different from that of Kitcher. It uses both formal and 

nonformal conditions to underscore the impossibility of reducing biology to physics. 

According to Nagel, the formal condition of connectability is far from satisfied, because it 

is not the case that “the composition of every part or process of living things, and the 

distribution and arrangement of their parts at any time, can be exhaustively specified in 

physicochemical terms” (434). Further, since the condition of connectivity is not fulfilled, 

the condition of derivability is also impossible to satisfy; and even if “the connectability 

condition might be fulfilled”, there remains the question of derivability, “whether all 

biological laws are deducible from the current theoretical assumptions of these physical 

sciences” (435). Nagel’s answer to this is patently negative, because “physicochemical 

theory in its present form may be insufficiently powerful to permit the derivation of 

various biological laws” (435). Finally, even grant that the formal conditions have all been 

fulfilled, “the reduction might nevertheless have little if any scientific importance, for 

the reason that some of the conditions previously labelled ‘nonformal’ might not be 

adequately realized” (435). In sum, the empirical contents of biology in Nagel’s time 

forced him to adopt the position of anti-reductionism, if the position only required the 

acceptance of the contemporary impossibility of reducing biology to physics. Even today 

predictably Nagel would still agree with the majority of philosophers of biology that many 

non-molecular phenomena at higher levels receive no reductive explanations, so there 

should be little doubt that he would accept the second thesis of anti-reductionism. 

In the end, surprising to many, I want to suggest that Nagel’s model of reduction, 

relying on knowledge available in biology, offers even better support for anti-

reductionism. Recall the peculiar situation in philosophy of biology: while the majority of 

philosophers consent to epistemological anti-reductionism, almost all of them take 

ontological reductionism as a default stance. As a result, reductionists pick up this point 

and argue that ontological reductionism ultimately leads to epistemological 

reductionism. According to reductionists, as long as they have a “complete description” 

of the micro-structure of the world out there, it will always be superior to descriptions or 

explanations in terms of macro-structures. In my view, this argument is hard to dispute, 

if ontological reductionism is taken for granted as a metaphysical stance. However, a 

Nagelian suggestion is that ontological reductionism should be discarded as a 

meaningless metaphysical constraint (“dogmas of a footless ontology” (Nagel 1949: 134)), 

and issues of reduction should solely be determined by scientific knowledge available. 
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4.4.2 Reductionism 

I have shown that if Nagel’s model of reduction is applied to current biology, the result 

will support anti-reductionism. Nagel would not disagree with anti-reductionists on this 

point. However, he did disagree with anti-reductionists on a different point. Notably, 

Nagel would take issues with the dogmatic tendency developed by some anti-

reductionists.  

Recall Nagel’s emphasis on the historical context of scientific knowledge. Given 

current knowledge biology and the model of reduction, Nagel would accept the second 

thesis of anti-reductionism without any doubt. However, as science advances, future 

biology might meet the formal and normal conditions of reduction, and therefore 

undermine anti-reductionism. For instance, even though a higher-level property is 

inaccessible to reductive explanations in current biology, in the future it might be 

explained by properties of the molecular parts. 

It then follows that the possibility of giving reductive explanations has not been 

disproved, and reductionism in biology is still possible in the future. Though supported 

by current biology, according to Nagel, theses of anti-reductionism today: 

do not warrant the conclusion that biology is in principle irreducible to the physical 

sciences. The task facing such a proposed reduction is admittedly a most difficult 

one; and it undoubtedly impresses many students as one which, if not utterly 

hopeless, is at present not worth pursuing. However, no logical contradiction has 

yet been exhibited to reduction of biology may some day be fulfilled…whether 

biology is reducible to physicochemistry is an open one, that it cannot be settled by 

a priori argument, and that an answer to it can be provided only by further 

experimental and logical inquiry. (Nagel 1979a/1961: 435) 

In a nutshell, present failure does not prohibit future success. The primary goal of Nagel’s 

model is to provide criteria of accepting successful reductions. It relies on scientific 

knowledge, but it does not pretend to dictate the future of science. In Nagel’s case, since 

he did not accept anything other than scientific knowledge could tell, he would have to 

wait for future science to decide on whether biology could be reduced to physics.  

Nagel’s point also applies to the relation between classical genetics and molecular 

genetics, and this has been developed by Schaffner. As mentioned above, replies to 

Kitcher (1984) are not lacking among reductionists. Schaffner (1993) makes such an effort 

by citing admirably detailed knowledge in molecular biology. Concerning (R2) given by 

Kitcher, Schaffner argued that biologists are seeking “a complex and rich set” (451) of 

bridge laws and have already made some partial success, so (R2) is still promising and 

“has not been shown to be false” (451). Concerning (R3) Schaffner continued and 

contended that molecular explanations are not redundant at all if biologists pursue 
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further reduction of cytological explanations. Then (R3) is still defensible, reductionism 

thus remains at least as a future possibility. 

Elsewhere similar efforts have been made by Waters (1990, 1994, 2000), and more 

recently by Bickle (2003). Yet anti-reductionists still take the lead and they are so 

confident that they even agree to move beyond reductionism and opt for pluralism (e.g., 

Mitchell 2003; Craver 2005; Brigandt 2013). However, I believe that Nagel would consider 

this dichotomy to be illusory, and it will disappear upon a closer analysis. This is because, 

between reductionists and anti-reductionists there is no real dispute about current 

biological knowledge. Both respect knowledge presently available in, for example, 

classical and molecular genetics: A partial reduction between the two sciences is 

undeniable, a complete reduction is unavailable and tremendously difficult. Anti-

reductionists argue for the latter but without denying the former (e.g., Kitcher 1984), 

while reductionists defend the former without renouncing the latter (e.g., Schaffner 

1967b).9  Regarding Nagel’s own attitude, evidence shows that he was personally more 

inclined to anti-reductionism, as he claimed that reductionism is “if not utterly 

hopeless…at present not worth pursuing” (Nagel 1979a/1961: 435). But in general Nagel 

understood well that, from the logical point of view, reductionism is still possible and 

ultimately it is a question only future science could answer. 

Nagel’s model of reduction merely recommends criteria of accepting successful 

reductions. In other words, the logical relation between two sets of scientific statements 

will be accepted as a successful reduction, if and only if the formal and nonformal 

conditions are satisfied. Moreover, a decision of success or failure could only be made by 

referring to a historical context which supplies these statements. 

In sum, suppose at a particular point in the history of science, the reduced science 

consists of a set of well-established statements, and so does the reducing science. Then to 

answer the question whether a reductive relation exists between the two sciences, 

according to Nagel’s model of reduction, one must refer to both formal and informal 

conditions. If these conditions are met at that time, it is safe to conclude that we have 

achieved a successful reduction. However, this conclusion could never be fully granted, 

because, from the logical point of view, it could be revised or sometimes even undermined 

upon more sophisticated results in future science. In addition, the allegation of a 

reductive relation might be unwarranted, if the formal and nonformal conditions are not 

sufficiently underpinned. But this should not preclude a possible future reduction based 

on new theoretical formulations and empirical evidence. Finally, between a complete 

success and a complete failure (both are rare in empirical sciences) various intermediate 

 

                                                      
9 This point can be further extended to the thesis of the unity or disunity of science. While Oppenheim and 

Putnam (1958) could certainly present the unity as an ideal complete reduction, it is equally easy for Fodor 

(1974, 1997) to maintain that special sciences are “still autonomous after all these years” (1997: 149).  
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forms exist, partial success and temporary failure are entirely permissible. Contra 

dogmatism, Nagel’s model desires no complete, ultimate, or absolute knowledge. The 

problem of reduction must always be open to future investigations. 

Bearing this in mind, after assessing biological knowledge available in his time, Nagel 

concluded as regards reductionism and antireductionism in biology as follows. For Nagel, 

on the one hand, antireductionism is an undisputed reality; on the other hand, the future 

possibility of reductionism has not been disproved. In his 1970 article to oppose dogmatic 

reductionism Nagel agreed with anti-reductionists in pointing out “the serious 

difficulties” (Nagel 1979b/1970: 117) in reducing biology to physics, against equally 

dogmatic anti-reductionism Nagel stood with reductionists in stressing that “the 

irreducibility of biology to physics” (116) has not been demonstrated. 

4.5 The limitation of Nagel’s view and the route to vitalism 

Nagel’s model of reduction cannot draw any concrete conclusion favoring reductionism 

or anti-reductionism by itself; instead, it only set up the criteria of a successful reduction. 

Moreover, genuine achievements that will be appreciated on the topic of reduction by 

Nagel should be careful clarificatory works devoted to particular questions and subjects. 

As Shapiro summarized nicely, Nagel was reluctant to speak of “reductionism rather than 

instances of reduction” (2018: 13). Of course, if the much more general question whether 

biology is reducible to physics were asked, Nagel’s reply would be that biology is currently 

irreducible, but a full reduction is still logically possible in the future. Therefore, it does 

not seem inadequate to label Nagel as an anti-reductionist given the present status of 

biology. In my opinion, Nagel’s contribution to the question of reduction has remained 

the best so far, given its clarity and consistency.  

However, I still want to take issues with Nagel’s view, and indeed, a case for vitalism 

can be made, if Nagel and anti-reductionists want to achieve a non-trivial status for anti-

reductionism. To start, Nagel’s anti-reductionism is not so unique to biology. According 

to Nagel, the current irreducibility of biology to physics is fully guaranteed, since neither 

formal nor informal conditions are satisfied. This makes perfect sense; but a second 

thought indicates that Nagel’s argument works for many higher-level objects, including 

numerous non-biological objects. Therefore, the irreducibility of biology to physics is less 

peculiar, because the argument invoked by Nagel works for many other higher-level 

objects which are traditionally studied in physics. As a result, it seems possible to claim 

that even within physics itself cases for contemporary irreducibility are widely prevalent. 

The same consideration also applies to a possible valid thesis of reductionism in the 

future. According to Nagel, it is still logically possible to reduce biology to physics in the 
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future, because new laws at different levels and bridge laws might come out in future 

biology and physics. However, again this logical argument also applies to higher-level 

objects in physics; it follows as well that biology is not as peculiar as Nagel and especially 

many anti-reductionists have implied. Regarding the question of reduction, at least in 

present biology and physics no difference has been detected between biological objects 

and higher-level objects in physics. Nagel’s arguments work for both. Therefore, nothing 

is problematic now if a biological object is treated as a complex physical object.  

Such an anti-reductionism appears too weak, and the following result should be obtained 

for anti-reductionism: for an object, being “biological” might make no genuine difference; 

“life” simply disappears. Anti-reductionism might have not even touched on the 

“biological” nature in the slightest. Then it seems that Nagel himself remained too soft 

on anti-reductionism in biology, and he conceded too much. It is possible to further 

present this analytical result with Nagel’s model of reduction. Take a cell-the possibly 

smallest living unit-as an example and consider the statement that “A is in state S (or any 

statement about lower-level objects such as organelles)”. In convention this statement is 

treated as a piece of biological knowledge, and it is a routine agreement that to investigate 

into A is to try to understand life. But this conventional view is insufficiently analytical. 

In my view, it is better to unpack the original statement into two different statements: “A 

is in state S” and “A is alive”. Concerning the first statement, anti-reductionists are 

certainly right that in many cases it cannot be reductively explained by statements about 

A’s parts and bridge laws. However, what has not been shown is that such irreducibility 

is relevant to the fact that A is alive. In other words, it has not been demonstrated that 

life leads to such irreducibility. The statement that “A is alive” simply has not gone into 

the story. Then, it is possible that the irreducibility is not due to the fact that A is alive, 

but A’s complex physical structures, like all other complex physical structures. As a result, 

it seems feasible now to treat biology as a special branch of physics. In all, anti-

reductionism might have nothing to do with life and it might have not addressed the 

peculiar biological nature at all: biological structures are unique for that they are 

predicatable of life, not for their irreducibility to their parts.  

Given this insight (the separation of life from anti-reductionism), I want to stress three 

additional points. First, there is a way of making anti-reductionism in biology more 

substantial and non-trivial (thereby making a strong anti-reductionism), by returning to the 

lesson of the history of physics. Compare electromagnetism. It is possible for the 

statement that “A is electromagnetic” to explain other statements by giving 

electromagnetic laws. Only for these electromagnetic laws, electromagnetism becomes 

permanently irreducible to classical mechanics. So, if similar vital laws were available in 

biology, the possibility of reducing biology to physics would be also permanently closed. 

Anti-reductionism would for that achieve a non-trivial status through vitalism. 

Second, even if future biology were to offer reductive explanations for biological 

structures, it is still questionable whether these reductive explanations would be enough 
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to explain the pure phenomenon of life. Since the statement that “A is in state S” and the 

statement that “A is alive” have no clear connections, it is quite possible that reductive 

explanations for the former would fail completely to touch the latter: life itself, I mean, 

the pure phenomenon of life, is different from any complex structures predicatable of life 

(see my more precise distinction between “objects predicatable of life” and “life itself” in 

chapter 7).10 

Third, the relation between vitalism and physics can be understood in a different way. 

As we have seen in chapters 2 and 3, some physicists conflated their innovative physical 

concepts with the concept of life, and then made astonishing assertions such as that the 

physical universe is itself alive. Now with the idea of reduction in hand, their efforts can 

be comprehended in a more charitable manner. Indeed, what they claimed can be read as 

that statements including the term “life” might be reduced to those including new 

physical concepts, through bridge laws. In other words, they wanted to give reductive 

explanations for life itself rather than any complex structures predicatable of life. 

However, needless to say, despite their future plausibility, relevant bridge laws have 

never been formulated so far. 

4.6 Concluding remarks 

In this chapter I have shown that Nagel’s model of reduction is a clarificatory tool for 

scientific knowledge in its historical context. Nagel’s model tries to give criteria for a 

successful reduction and it does not commit to any general thesis of reductionism or anti-

reductionism. In my view, this analytical style is typical in transcendental philosophy but 

alien to metaphysical naturalism: the important thing is not to make assertions about a 

metaphysical reality, but to uncover presuppositions constituted in scientific research. 

As we have seen, in metaphysical naturalism an ontology-epistemology distinction is 

rather dogmatically maintained, and scientific knowledge is misused to defend positions 

like (ontological) reductionism and (epistemological) anti-reductionism. 

 

                                                      
10 Nagel once remarked that biological organizations might one day prove to be just complex physico-chemical 

organizations: “the hope of discovering them [bridge laws] underlies the claim that a biological cell is a complex 

organization of physicochemical particles” (1979b/1970: 107). However, this remark is slightly mistaken. A 

biological organization can never be identical to a complex physico-chemical organization, simply because the 

former is alive; and what Nagel intended to say should be expressed as follows: all phenomena about organisms, 

except that they are alive, might be reductively explained in the future. In this way, Nagel missed the question 

of vitalism and life. 
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However, given his model of reduction and the current status of biological knowledge, 

Nagel undoubtedly adopted anti-reductionism for biology. Although non-dogmatic and 

very sophisticated, such an anti-reductionism appears truistic and amounts to, in relation 

to the general idea of the whole thesis, at best a weak version of anti-reductionism. 

Unfortunately, such a weak anti-reductionism fails to touch on the biological nature, since it 

applies to both complex biological and physical structures. Then with Nagel’s model, I 

suggest that with a successful vitalism, that is, a vitalism with vital laws, anti-

reductionism is able to achieve a non-trivial and substantial status in biology. In other 

words, a successful vitalism will help make a strong anti-reductionism. 
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Chapter 5  

Organicism 

5.1 Introduction 

At present, doctrines of organicism are popular among theoretical biologists and 

philosophers of biology. In general, these doctrines highlight organization as a fundamental 

theoretical concept or even principle in biology. In this chapter, I plan to show that current 

doctrines of organicism, ironically, amount to either truisms or unfulfilled vitalism. In 

particular, first, I analyze several prevalent doctrines of organicism and identify their 

general argumentative strategy, that is, advancing truisms by criticizing strawmen. 

Meanwhile, I also argue that transcendental philosophy is able to render the truistic 

nature of organicism intelligible. Second, more ambitious versions of organicism in 

biology, I suggest, must pursue special laws to capture the specificity of biological 

organization (in contrast to non-biological, purely physico-chemical organization). These 

laws would turn out to be the vital laws vitalists are supposed to provide and these 

organicist doctrines then turn out no longer different from vitalism. Let me now start 

with a general overview of current doctrines of organicism. 

One of the most influential accounts of organicism comes from Scott Gilbert and 

Sahotra Sarkar. At the start of this century, Gilbert and Sarkar published a manifesto-like 

article, “Embracing Complexity: Organicism for the 21st century” (2000). In this article, 

with a particularly defined reductionism as its main opponent, organicism received 

elementary articulation. More recently, Alvaro Moreno, Matteo Mossio, and others 

(Mossio and Moreno 2010; Moreno and Mossio 2015; Mossio, Montévil and Longo 2016) 

have offered a more detailed account of organicism. 

In addition to these philosophical accounts of organicism, historical studies of the 

organicist tradition have also emerged and are now used to support an organicist revival 
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after decades of so-called reductionist dominance.1 One example of these comes from 

Nicholson and Gawne (2015). In this article, Nicholson and Gawne argued that organicism 

dominated early twentieth-century philosophy of biology, represented by works from 

theoretical biologists such as Edward Russell (1946), Ludwig von Bertalanffy (1952, 1968, 

1975) and others. Maurizio Esposito, in his monograph Romantic Biology, 1890-1945 (2016), 

traced the organicist tradition back to the concept of natural purpose in Kant’s Critique of 

Judgment (2000/1790), and contended that organicism has been a popular theme since the 

early nineteenth century.  

As organicism has a long history, Esposito’s observation seemed correct - that, from 

the historical point of view, the organicist tradition has not exemplified “a paradigm, a 

static research programme, or a stable, unified and coherent set of beliefs that all 

adherents to such a movement uncritically shared” (2016: 8). However, the diversity of 

meanings that have been attributed to the term “organicism” should not obscure the 

central concerns of the organicist tradition. In general, organicists have been interested 

in organization in biology, through which they hope to capture the uniqueness of life. 

Here it turns out that reductionism is not the only enemy of organicism. Indeed, many 

organicists have also placed vitalism on the their list of enemies. Gayon identified three 

potentially incompatible ways of understanding life after the late eighteenth century 

(Gayon 2010). First, life is mechanism, and this is the so-called reductionist approach; 

second, life as animation, this is the vitalist approach. Third, life as organization, and this 

is the organicist approach. This narrative is commonly adopted by scholars sympathetic 

with the organicist tradition. The title of Nicholson and Gawne (2015) is “neither logical 

empiricism nor vitalism, but organicism: what the philosophy of biology was” (logical 

empiricism is mistakenly identified as mechanistic reductionism), and more recently Erik 

Peterson (2016)  remarked through the voice of his organicist heroes that organicism “is 

a ‘third way’, a path that cut across the mechanism-vitalism debate...[and] a way of seeing 

life, even the universe, organically” (6). Then, does organicism help capture the 

uniqueness of life? I shall try to show that it does not. 

 

                                                      
1 This strategy is clear in, for instance, Evelyn Fox Keller’s two books, the Century of the Gene (2002a) (also see 

Moss 2004) and Making Sense of Life: Explaining Biological Development with Models, Metaphors, and Machines (2002b). 

The first depicts the (genetic) reductionist approach as the dominant approach to understanding life in the 

twentieth century, the second makes a case for a more inclusive organicist approach.  
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5.2 Organization 

It is clear that organicists often appeal to the concept of organization itself. For this, a 

classical account comes from Gilbert and Sarkar (2000). According to the two authors, in 

biology, “organicism holds that explanation cannot proceed solely from properties of 

fully individuated parts” (1-2), and “organicist...explanations...would include the 

functioning of the tissue within the organism, the functioning of the organism within its 

environment” (2). Moreover, Gilbert and Sarkar claimed, organicism is concerned with 

hierarchical levels within organisms and emergent phenomena (2). In biology, properties 

of higher-level entities cannot always be ascribed to entities at lower levels, and these 

properties only arise because of the interactions of those lower-level entities. Therefore, 

Gilbert and Sarkar concluded, to study organisms, biologists must attend to “level specific 

laws” (3), and “different laws are appropriate for each level” (3). 

Similar points have been repeated more systematically in Nicholson and Gawne (2015), 

who clarified three central tenets for organicism. Two are of interest to us here: (1) “the 

centrality of the organism concept in biological organization” (361, emphasis added); and 

(2) “the importance of organization as a theoretical principle” (361, emphasis added). 

Regarding (1), Nicholson and Gawne stressed that the concept of the organism cannot be 

ignored in biology because “the organism exhibits properties that are missing when all of 

its parts are examined independently, and which are only visible upon consideration of 

the whole” (362), and “their [the parts’] activities can only be understood in relation to 

their position in the whole” (362). In (2), the two authors continued: “organization...is 

inescapable in any consideration of living systems” (365); and “one important aspect of 

biological organization that all of these organicists emphasized is its hierarchical nature” 

(366). 

These two tenets suggest that organisms are hierarchical wholes irreducible to the 

parts. Reflecting on the two tenets, one might be first convinced by their soundness, but 

next one should suspect that they are mere truisms. It appears that every student in 

biology begins with organisms, and it is trivially true that biological knowledge concerns 

hierarchical organizations. Yet, to be more charitable, the merits of stressing the concept 

of organization might be better understood by examining opponent claims. Its main 

opponent is a particular type of reductionism defined by Gilbert and Sarkar (2000). 

According to them, this reductionism suggests that the “biological functions of a system 

will be explained solely in terms of the chemical properties of its parts...[or] the physical 

properties of even smaller parts” (1). More specifically, Gilbert and Sarkar maintained 

that reductionism is of two forms in biology. One is physical reductionism, which they 

maintained as suggesting that knowledge about “the behavior” of birds needs to be 

reduced to that of “atoms” (physical components) (5). The other is genetic reductionism, 

which posits that knowledge about organisms must be finally reduced to that 
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surrounding genes because organisms are just epiphenomena of genes (5-7). The 

reductionism defined by Gilbert and Sarkar can be found or derived in some popular 

science writings (e.g., Dawkins 1976) and a few metaphysical justifications of materialism 

and physicalism (e.g., Kim 1999). This suggests that the emphasis on organization is 

valuable. After all, biological knowledge is impossible without investigating hierarchical 

organizations in biology. Therefore, the concept of organization can play a role in 

undermining the reductionist position as defined by Gilbert and Sarkar, which tends to 

neglect organizations and levels.  

Numerous accounts of organicism available today, as far as I see, amount to nothing 

but a mere emphasis on organization (e.g., Ruse 1989; Wimsatt 1994; Perlman 2000; 

Laubichler 2000; Schwenk et al. 2009; Denton et al. 2013). These accounts are of course 

valid in themselves, given the obvious absurdity of the particularly defined reductionist 

opponent. However, the following two thoughts will cast doubt on their merits. First, 

taking into account the definition of reductionism, there is at least an open question as 

to whether this definition is deliberately set up, only to dismiss reductionism and justify 

organicism. Yet, as we have seen, the claim that biology must concern organizations and 

hierarchical levels is a truism for which a justification seems unnecessary in most cases. 

The defined reductionist opponent appears a strawman. 2 Further, as indicated in the 

previous chapter, more sophisticated reductionisms (e.g., Waters 1990; Rosenberg 1997) 

have considered hierarchical organizations in biology. These positions have not 

neglected organizations and levels, and often in a less dogmatic form they suggest simply 

that more complete and powerful explanations should be sought at lower levels.  

The second consideration might be more fatal, and it touches upon the question of the 

uniqueness of life. Organicism places its emphasis on organizations and levels, but these 

are not at all unique to biological organizations. It is also a truism that many complex 

physico-chemical organizations have hierarchical structures. With regards to these 

complex physico-chemical organizations, properties of the whole are not possessed by 

the parts, and behaviors of the parts cannot be understood unless by referring to the 

whole. For example, a table with four feet can hold plates, but this property of being able 

to hold plates is not shared by the four feet. Similarly, the function of these feet remains 

unintelligible, unless by appealing to that of the table. More generally speaking, the 

concern over the concept of organization is applicable to non-biological, purely physico-

chemical organization. Therefore, such an emphasis, although sound in itself, fails to 

address the uniqueness of life. 

 

                                                      
2 In a recent article, Lawrence Shapiro (2018) similarly pointed out that the reductionism particularly defined 

in philosophy of mind is a strawman, and is “a genetically-engineered creation, designed for no reason other 

than its ready susceptibility to strains of the multiple realizability objection” (17).  
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As a matter of fact, the argumentative strategy adopted by organicists such as Gilbert 

and Sarkar (2000) is typical in traditional philosophy. It first sets up a reductionist 

strawman, and then beats it bitterly as if there were no other existent doctrines of 

reductionism.  Then, what motivates them to do this? Recall that Gilbert and Sarkar also 

attacked vitalism in the same article (2000). In their words, they have committed to 

“ontological materialism”, but at the same time insisted on “epistemological anti-

reductionism”. This actually puts them in an awkward situation: if physico-chemical 

objects are ontologically more ultimate, why is epistemological anti-reductionism still 

defensible? It seems obvious that knowledge about ultimate existents is superior. 

However, in my view, Gilbert and Sarkar’s conception of scientific knowledge is 

inadequate, since it relies on some unfounded versions of metaphysical naturalism, which 

finally give rise to the questionable ontology/epistemology distinction. On the contrary, 

I claim that transcendental philosophy offers a better interpretative framework for 

scientific knowledge. Most important of all, in transcendental philosophy biological 

objects are ontologically as well as epistemologically on par with so-called “underlying” 

physico-chemical objects. 

Transcendental philosophy, moreover, renders the truistic nature of organicism 

intelligible and clear. For this let us go back to Kant. In Critique of Pure Reason, Kant offered 

the table of categories, which included the category of community (Kant 1998/1781: a211-

5, b257-62; for Husserl’s account, see Husserl 2001a/1913: 3-45; for Nagel’s account, see 

Nagel 1952b, 1979a/1961: 380-397). With the category of community, Kant aimed to deal 

with the whole-part relations in an a priori sense. What is useful to make sense of the 

truistic nature of organicism can be found in Kant’s following passage:. 

As far as the concept of community is concerned, it is easy to appreciate that since 

the pure categories of substance as well as causality do not admit of any definition 

determining the object, reciprocal causality in the relation of substances to each 

other be just as little susceptible of it. No one has ever been able to define 

possibility, existence, and necessity except through obvious tautologies if he 

wanted to draw their definition solely from the pure understanding. For the 

deception of substituting the logical possibility of the concept (since it does not 

contradict itself) for the transcendental possibility of things (where an object 

corresponds to the concept) can deceive and satisfy only the inexperienced. 

(1998/1781: a244/b302) 

This passage might serve as a timely antidote of the contemporary obsession with terms 

like “organization”, “emergence”, “complexity”, or “system”. Following Kant, we might 

claim that organization is an a priori category for experience, and organization by itself does 
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not yield any empirical knowledge about objects in experience.3 The reason why organicists find 

organizational structures in biology (organization as the central concept or even a 

theoretical principle?) is that organization must come in a priori for every science, it has 

nothing to do with the uniqueness of life. 

It follows consequently that it is questionable to treat Kant as a predecessor of the 

organicist tradition. Kant’s critical philosophy has not been properly understood and is 

indeed submitted to ideological use. As a matter of fact, Kant termed biological organisms 

as “as an organized and self-organizing being” (2000/1790: 5:374, emphasis added). So, it is 

clear that to account for biological organisms, mere organization is not enough; Kant 

requested something more, that is, self-organization. 

5.3 Further characterization of organization 

As argued in 5.2, to capture the uniqueness of life, a mere emphasis on organization is too 

weak, and a more challenging task is to show how biological organization is different from 

non-biological, purely physico-chemical organization. For this, there are stronger 

versions of organicist accounts that have moved beyond just an emphasis on 

organization. The central question no longer concerns the distinction between “the 

organic and the inorganic”, but that between “the living and the non-living” (Needham 

1927b: 34). Accordingly, some organicist accounts available today have characterized 

biological organizations as evolutionary organizations and teleological organizations. 

Some might complain that the topic has shifted from organization to either evolution 

or teleology. I agree with them and I plan to analyze related issues of evolution and 

teleology in chapter 6 and chapter 8. As a matter of fact, in my view, organicists often 

shift between different meanings of organicism and it is sometimes difficult to 

understand what concerns they have (evolution, teleology or sometimes even 

intention?). The readers are advised to move to chapters 6 and 8. However, since Kant 

used a seemingly teleological term, “self-organization”, to characterize biological 

 

                                                      
3 Nagel also wrote that “they [organismic biologists] must study the operations of various prescinded parts of 

living organisms under selected and often artificially instituted conditions-on pain of mistaking 

unenlightenment statements liberally studded with locutions like ‘wholeness’, ‘unifiedness’, and ‘indivisible 

unity’ for expressions of genuine knowledge” (1979a/1961: 446). Weber raised a similar criticism of his 

contemporaries. For him, Kantian categories “whose formative power is necessary to make ‘experience’ at all 

meaningfully ‘possible’” should not be conflated with “general empirical statements”, no matter how 

comprehensive the latter’s validity is (Weber 2012c/1907: 195). In contrast to empirical statements, categories do not 

yield any empirical knowledge.  
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organisms, and some organicists do take teleology to be an essential feature of biological 

organization, let me now briefly examine the claim that uniqueness of life is grounded on 

the fact that biological organizations are teleological organizations. 

First of all, it is important to distinguish between two basic senses of teleology. The 

first, anthropomorphic sense, also the sense adopted by Kant, concerns intentional 

agents, a type of organizations of which mind is predicatable (human beings and perhaps 

some higher animals). Those intentional agents are capable of possessing purposes and 

goals in their minds. In addition, these agents are autonomous and self-determined 

because they are able to choose between different purposes and goals. In relation to 

intentional agents, clearly, teleological features such as self-determination, agency and 

autonomy have well established anthropomorphic meanings. Further, it is a truism that 

the possession of certain purposes or goals has effects on behaviors and actions of 

intentional agents. As a result, the anthropomorphic sense of teleology identifies an 

explanatory realm absent in the physico-chemical world, and it therefore operates as an 

adequate criterion for the mental/non-mental distinction. 

However, it is obvious that most biological organizations are not intentional agents. 

So, regarding teleological features of these organizations, scholars cannot appeal to the 

anthropomorphic sense of teleology (for them, that commits the anthropomorphic 

fallacy). Instead, they opt for the second, mechanistic sense of teleology.4 According to 

these scholars, teleological features of biological organizations are (assumed to be) 

realized through physico-chemical means, and teleological terms such as purposes and 

goals ought to receive mechanistic interpretations. Nevertheless, if mechanistic 

meanings are attributed to teleological features of biological organizations, it becomes 

difficult to see how teleology can operate as the criterion for the biological/non-

biological distinction. For this let us examine a recent account (call it “organicist” if you 

want) of biological organisms. 

 

                                                      
4  However, numerous uses of teleological terms in biology today are still at risk of committing the 

anthropomorphic fallacy. For details, see chapter 8. Now to make the present chapter complete, only the 

following points are be emphasized. Nicholson (2013), in contrasting organisms to machines (or “artifacts”, 

Symons 2010), contended that “the former are intrinsically purposive whereas the latter are extrinsically 

purposive” (Nicholson 2013: 669). While extrinsic purposiveness apparently assumes the intention of “external 

agents” (for whom machines have a function), intrinsic purposiveness relies on an “internal organizational 

regime” (673), rather than any intention of organisms. It is difficult, however, to see how this contrast can be 

made, because two different sense of teleology are simultaneously employed. More generally speaking, in 

debates concerning biological purposes and functions, as some authors have pointed out (Brunnander 2011a; 

González de Prado Salas 2017), many accounts often invoke, although very implicitly, the anthropomorphic 

sense of teleology and alludes to the mental/non-mental distinction. However, since the anthropomorphic 

sense is inapplicable to most organisms in biology, these accounts must also stress their commitment to the 

mechanistic sense of teleology. As a result, a tension emerges and generates some odd consequences 

(Brunnander 2011a).  
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This account comes from Moreno, Mossio, Bich and others, and it covers a variety of 

theories and phenomena in biology. Yet for our interest, we only speak of the way in 

which it addresses the biological/non-biological distinction. As the authors have realized, 

the difficulty of drawing the distinction with respect to teleology comes from the 

existence of complex thermodynamic systems, such as “dissipative structures” (Mossio 

and Bich 2017: 1109). These systems might also be interpreted as realizing “intrinsic 

teleology” (1109). So, even according to these authors, teleological features are also 

present in non-biological, complex physico-chemical organizations, and they are in no 

way unique to biological organizations. Bearing this in mind, in response, the authors 

have adopted two different strategies (there is an internal disagreement among these 

authors). First, Mossio and Bich (2017) denied that dissipative structures possess intrinsic 

teleology. They argued that teleological features of biological organizations are realized 

through “self-determination”, by which they meant that “biological organization 

determines itself in the sense that the effects of its activity contribute to determine its 

own conditions of existence” (1089). In contrast, “self-organising systems [dissipative 

structures] are systems that are simple enough to appear spontaneously” (1110). Less 

charitably speaking, these formulations are highly liable to an anthropomorphic reading, 

even though the authors would deny this. Under a more charitable interpretation, in 

relation to the biological/non-biological distinction, these formulations allude to a vague 

complex/simple distinction. The latter distinction receives a better articulation in the 

second strategy adopted by these authors. 

In the second strategy, Mossio and Moreno (2015), in contrast to Mossio and Bich 

(2017), attributed self-determination to dissipative structures. They posited that “a 

minimal form of self-determination” (Moreno and Mossio 2015: 16) is realized by 

dissipative structures. Then, there is the question of what does “a minimal form” mean? 

As Mossio and Moreno explained, with a contrast to biological organization: 

Dissipative systems realise a minimal form of self-determination, in the sense that 

they generate a single macroscopic structure acting as a constraint on its 

surrounding microscopic dynamics that, in this way, become a part of the system. 

Accordingly, dissipative systems make a single contribution to their own 

maintenance, since they contribute to maintaining the single constraint involved 

in the self-maintaining loop between the structure and the surroundings…In 

relation to biological systems, the situation is more complex. In contrast to minimal 

self-organsing systems, biological systems are able to exert a high number of 

constraints, each of them making a different contribution to the maintenance of 

the whole…In doing so, they generate a network of structures, exerting mutual 
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constraining actions on their boundary conditions, so that the whole organisation 

of constraints realizes collective self-maintenance. (16-7)5 

Next, they invoked their concept of “closure” to further elaborate this distinction: 

In biological systems, constraints are not able to achieve self-maintenance 

individually or locally: each of them exists insofar as it contributes to maintaining 

the whole organisation of constraints that, in turn, maintains (at least some of) its 

own boundary conditions. This makes a clear-cut categorical distinction between 

minimal self-organisation and biological closure: while in the first case a single 

constraint is able to determine itself, in the second case self-determination can only 

be collective, i.e., by contributing to the maintenance of one or several other 

constraints, each constraint contributes indirectly to its own maintenance, because 

of mutual dependence. (17) 

So, the earlier complex/simple distinction is now captured through the number of 

constraints. According to the authors, dissipative structures only realize minimal self-

organization through a single constraint; in contrast, biological organizations are specific 

because they realize teleology in a collective way through mutual constraints. 

Now unlike that in Mossio and Bich (2017), the distinction drawn no longer concerns 

the presence of teleology, but different kinds of teleology, in regard to different ways of 

realization. However, it is not obvious to see how this distinction can be satisfactory. The 

main difficulty lies in their assertion that dissipative structures only realize one 

constraint from within. Consider their own example of Bénard cells. According to the two 

authors, Bénard cells “depend…on the [internal] constraint exerted by the configuration 

itself on its surroundings” (Moreno and Mossio 2015: 16). While this geometric 

configuration is of course a constraint produced by a Bénard cell itself, it is just one factor 

to determine the final state of equilibrium, and other factors, such as fluid viscosity and 

density, must also be accounted for. Further, as these factors are in a way produced by 

the cell, they should be also counted as internal constraints (especially given the fact that 

gravity and temperature are termed external constraints). Then, Bénard cells appear to 

depend on other internal constraints, as well. Indeed, it is highly suspicious that the two 

authors have highlighted cell configuration as the single constraint because of as a 

pictorial conception of the constraint (e.g., a wall that constraints a room), which is 

unfortunately of little relevance to the science of dissipative structures. 

 

                                                      
5 It is not clear whether any theorist will accept the characterization of dissipative structures offered here. IIya 

Prigogine characterized “dissipative structures” to be those which “are maintained only through exchange of 

energy…with the outside world” (1969: 24), and he simply took certain biological organization to be 

“presenting…dissipative structure[s]” (50). Prigogine’s characterization is more common among dissipative 

structure theorists (e.g., Goldbeter 2018). 



 

194 

In sum, in the recent account offered by Moreno, Mossio, Bich and others, teleological 

features of biological organizations cannot ground the biological/non-biological 

distinction, nor the complex (mutual constraints)/simple (one constraint) distinction 

appears plausible. As a result, the specificity of biological organization has not been 

specified. While the category of teleology picks out at least teleological organizations and 

therefore makes more progress than that of organization, the central question about the 

biological/non-biological or the living/non-living distinction still remains unanswered. 

Overall, teleology mechanistically defined only points to the structural and functional 

integrity of biological organisms, which, however, is not alien to numerous physico-

chemical organizations. 

Some more sophisticated organicists have also chosen to move beyond sheer teleology. 

Their first step is to point out that teleology in the mechanistic sense is also realized by 

purely physico-chemical organization. According to the earlier organicist Russell, 

teleological features also exist in the inorganic realm as “inorganic systems also may tend 

towards a natural end-state or terminus of action” (Russell 1946: 6-7). However, Russell 

continued, there is a crucial difference between the inorganic and organic realms: 

But such end-state (of organic systems) is a stable one of equilibrium or least action, 

whereas in the living thing the end-state or goal of the directive activities of 

development is a highly complex and unstable organization, which can be 

maintained and kept in being only by constant activity of an elaborate and 

coordinated kind…the unstable and self-regulating organization reached in the 

development of a living organism is therefore something totally different from the 

stable equilibrium which is the natural end-state of an inorganic system. Life is a 

dangerous adventure; organic processes tend towards stability. It seems indeed 

fantastically improbable that complex and self-maintaining organization of even 

the simplest living things can be built up by the free play of organic forces as we 

conceive them; there must be in life some different principle at work, even though 

we can form no adequate concept of what it is. (7-8) 

Later, Russell’s insights received better articulation from Bertalanffy (1968, 1975), who 

thought that an adequate formulation of “the life principle” is possible. Bertalanffy 

sharpened the biological/non-biological distinction and, to do this, came up with the 

concept of the open system. This concept actually comes close to that of the dissipative 

structure previously mentioned (actually Bertalanffy was celebrated as an important 

predecessor by recent organicists), but we shall follow Bertalanffy’s terminology. As 

Bertalanffy suggested, the concept allows for a decisive difference to be drawn between 

open systems and closed systems. Accordingly, Bertalanffy maintained that biological 

organizations are open systems, but typical physico-chemical organizations are simply 

closed systems. The fate of closed systems can be captured by the second law of 

thermodynamics, and the steady state that indicates the maintenance of system 

properties is finally realized in dynamic equilibrium. In contrast, an open system 
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constantly exchanges matter and energy with the outer environment; though it also 

realizes a steady state in the end, that is a state of far-from equilibrium, which is 

essentially different from that of dynamic equilibrium. For these, Bertalanffy’s concept of 

the open system appears to seize upon, in a very intelligent manner, the central insight 

of Russell’s slogan, “life is a dangerous adventure”. 

Bertalanffy’s conceptual distinction is illuminating and appears promising to make 

real progress in distinguishing biological organization from non-biological organization. 

Let me show why this is the case with an example. Bertalanffy intended his concept of the 

open system to capture teleological features of organisms. To accomplish this, he further 

offered the concept of equifinality. Accordingly, in an open system, “the same final state 

may be reached from different initial conditions and in different ways” (Bertalanffy 1968, 

40). This is in contrast to a closed system in which, “the final state is unequivocally 

determined by the initial conditions” (40). Bertalanffy suggested that it was phenomena 

of equifinality in embryology that drove the vitalist, Hans Driesch (1908a, b), to revive the 

non-materialistic concept of the entelechy as an explanation of harmonious-

equipotential systems, which give rise to complete adult organisms despite limited 

damages to the embryos. For Bertalanffy, harmonious-equipotential systems in 

embryology are just biological open systems, in which “the same final state may be 

reached from different initial conditions and in different ways” (Bertalanffy 1968: 40).  

Next, the question becomes how to precisely characterize the concept of the open 

system. In particular, an open system theorist has to show the regular connections 

between “the same final state”, “different initial conditions” and “different ways”. In 

Bertalanffy’s case, he took these connections to be general laws of the open system. For 

Bertalanffy, the theorist needs such “general principles for open systems” (123), and for 

biological organization, these principles are purely “laws of life phenomena” (1975: 99).   

Clearly, if Bertalanffy succeeded in formulating these laws, the concept of the open 

system would receive more precise characterizations. However, once we submit 

Bertalanffy’s project to a close examination, negative points can be detected. First, even 

though all biological organizations are admittedly open systems, it is not necessarily the 

case that all open systems are biological organizations. Accordingly, it fails to distinguish 

between biological organization and non-biological organization. Bertalanffy himself 

noticed this (1975: 127-36). Of course, this point is not forceful enough as one can appeal 

to the principle of charity: at least the concept of the open system serves as a starting 

point. However, the following point appears fatal. 

Second, in Bertalanffy’s empirical research, it is not evident that the concept of the 

open system plays any significant role. Bertalanffy presented the following models in 

biological research: feedback and homeostasis, allometry and the surface rule, and finally 

the theory of animal growth (1968: 160-84). Nevertheless, if we thoroughly examine these 

models, “allometry and the surface rule”, for example, we quickly discern that Bertalanffy 

merely deployed data for body weight, metabolic rate and body surface to complex 
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regression analysis. In these models, Bertalanffy seldom mentioned the concept of the 

open system. The concept does not enter his empirical research nor does it play a role in 

formulating these mathematical models. After all, the models are more like “convenient 

ways of plotting data” (1968: 169), and Bertalanffy only vaguely suggested that “a general 

rule of the harmonization” (171) might be found. Then, in my view, Bertalanffy’s 

empirical research, unfortunately, does not support his theoretical ambition. To define 

organisms as open systems does not really help empirical research nor does it offer the 

general laws or principles Bertalanffy promised.6 What Bertalanffy did in his models was 

to coordinate biological phenomena through complex mathematical models. His methods 

are still conventional. Bertalanffy had no criterion for distinguishing open systems from 

closed systems, not to say a criterion for the biological/non-biological distinction. 

To do justice to Bertalanffy, we need to stress that he was aware of these defects. Of 

course, he understood very well that the crucial first step is to precisely characterize open 

systems, especially in contrast to closed systems. However, he also admitted that “at 

present, we do not have a thermodynamic criterion that would define the steady state in 

open systems in a similar way as maximum entropy defines equilibrium in closed 

systems” (151). Then Bertalanffy was not so innocent. To capture the concept of life and 

the biological/non-biological distinction, Bertalanffy turned to thermodynamics and the 

concept of open system. However, he did not even have any precise definition for the 

latter. Even worse, Bertalanffy’s use of open systems theory runs close to the legislating 

use of Kuhn’s paradigm; Bertalanffy used his open systems theory to legislate his own 

research agenda, which, nevertheless, turns out to be entirely conventional. As a result, 

without new laws for open system or even life, in his own scientific achievements 

Bertalanffy appeared to only put old wine in new bottles. The biological/non-biological 

distinction remains unsettled in the end. 

Even though Bertalanffy failed in his first step, he still had confidence in the future 

applicability of his open-systems theory, with which one might first achieve the 

open/closed distinction, and second the biological/non-biological distinction. For this, 

other theoretical biologists have had similar projects (see Chapter 7). For instance, Stuart 

Kauffman envisaged “the fourth law of thermodynamics” (1993) for life, and Goodwin, 

with the highest level of clarity, asked for “biological field theory” (1982). However, 

others have not been as optimistic as these theoretical biologists. For instance, Charles 

 

                                                      
6 The mismatch between Bertalanffy’s empirical research and theoretical ambition can be better understood if 

we assess the concept of equifinality. For this, Bertalanffy presented mathematical models to characterize 

phenomena of equifinality, achieved through a variety of different initial conditions and routes (1968: 131-4). 

However, he had no general laws or principles to characterize either open systems or biological organization. 

Even worse, the value of his mathematical models is rather questionable because, for instance, embryological 

studies already show that the embryo stops manifesting phenomena of equifinality once relevant cells have 

been irreversibly differentiated. However, Bertalanffy’s models fail to take this fact into account. 
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Wolfe expressed a deflationary attitude towards the possibility of formulating such 

general theories and laws: “concepts of organism to be rejected include ones which 

invoke theoretical entities such as organismic laws” (Wolfe 2010: 223). With this, could 

we in the future find such laws to draw a precise distinction between biological 

organization and non-biological organization, as Bertalanffy and others put forth? 

Personally, I am pessimistic. However, the pessimism is not decisive; strictly speaking, 

the question is empirical in character and only future science can settle it. 

To pursue such laws for biological organization is of course no easy task. Yet, their 

significance, if successfully formulated, needs a better appreciation. For this, let us draw 

a lesson from physics. The theoretical concerns of Bertalanffy, Kauffman and Goodwin 

have already been articulated by the physicist, L. Brillouin, in his 1949 analysis of the 

relation between life and thermodynamics. Like Bertalanffy, Brillouin maintained that 

there is a possibility that “the behavior of living organisms is completely different from 

that of inert matter” (1949: 554), and “some new laws and principles will be found that 

will give us an interpretation of life” (554). On what these new laws and principles will be 

like, Brillouin wrote: 

A recent example from the physical sciences may explain the situation. During the 

nineteenth century, physicists were desperately attempting to discover some 

mechanical models to explain the laws of electromagnetism and the properties of 

light. Maxwell reversed the discussion and offered an electromagnetic theory of 

light, which was soon followed by an electromagnetic interpretation of the 

mechanical properties of matter. We have been looking, up to now, for a physico-

chemical interpretation of life. It may well happen that the discovery of new laws 

and of some new principles in biology could result in a broad redefinition of our 

present laws of physics and chemistry and produce a complete change in point of 

view. (568; also see Roqué 1985) 

Exactly the life-electromagnetism analogy expressed in a very clear manner! Following 

Brillouin, I suggest that the distinction between biological organization and non-

biological organization might be similarly drawn, like that in nineteenth-century physics 

between electromagnetic organization and non-electromagnetic organization. As a 

result, the laws for biological organization might resemble the laws of electromagnetism 

offered by great physicists. Maxwell’s Equations provide a set of determinate relations 

among electromagnetic parameters only applicable to electromagnetic organizations; 

similarly, theorists like Bertalanffy should also offer similar determinate relations among 

certain bio-specific parameters only applicable to biological organizations. Exclusively in 

that case, the concept of life, similar to that of electromagnetism, would offer vital laws 

and operate as the decisive criterion for picking up biological organizations. 

All these laws, if successfully established, would have far-reaching implications for 

philosophical issues in biology. In the first place, as we have seen, these laws would help 

draw a precise distinction between biological organization and non-biological 
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organization, and thereby fully ground the specificity of biological organization. With 

these laws, the pure and genuinely biological aspect of biological organizations would be 

precisely characterized, and the autonomy of biology from physics would be fully 

secured. Indeed, if these bio-specific laws were available, the situation would not be 

different from that in the late nineteenth century when electromagnetism became 

autonomous from classical mechanics. In the biological case, to study biological 

organization, the reference to those biological laws would be indispensable (physics and 

chemistry would not be sufficient); in the electromagnetic case, to study electromagnetic 

organizations, the use of electromagnetic laws is similarly necessary (classical mechanics 

is insufficient). 

In the second place, if these bio-specific laws were available, there would then be no 

room for reductionists to make over-arching but ambiguous ontological statements, such 

as that biological organizations are nothing but complex physico-chemical organizations. 

Consider again electromagnetism. In the early nineteenth century, a number of physicists 

hoped to explain phenomena of electromagnetism through classical mechanics, and they 

also implied that electromagnetic organizations were nothing but mechanical (or 

“physical” in the early nineteenth century) organizations in classical mechanics. 

However, the later history of physics prove that this statement was of little help to 

scientific progress, and the meaning of the term “physical” was later simply extended to 

include electromagnetism (Doran 1975). Therefore, in physics, what matters is identifying 

new laws to capture the specificity of electromagnetic organizations rather than to idly 

insist that electromagnetic organizations are nothing but mechanical organizations. 

Similarly, what counts in the biological case is to pursue possible new laws to capture the 

genuinely and purely biological aspect rather than to make arbitrary ontological 

statements, such as that biological organizations are nothing but physico-chemical 

organizations. 

Finally, the bio-specific laws theoretical biologists have been searching for are simply 

vital laws demanded by vitalists like Driesch. As I have suggested in chapter 3, in the early 

nineteenth century life was understood as either identical or analogous to electricity and 

magnetism in Naturphilosophie. According to vitalists at that time, the search for vital laws 

ran parallel to that for electromagnetic laws (Green 1840: 23). 

5.4 Concluding remarks 

This chapter discusses organicism in biology. I have tried to suggest that most doctrines 

of organicism, unfortunately, amount to nothing but truisms; they are also very far from 

capturing the uniqueness of life. These doctrines can be received as different versions of trivial 
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and weak organicism. Moreover, to capture the uniqueness of life, some strong versions of 

organicism no longer focus on organization but move to categories like teleology and vital 

laws. In the former, if teleology adopts mechanistic senses, it cannot be used to address 

the uniqueness of life. The latter are still possible and they lead us to vitalism (with vital 

laws). but they are not available today. Regarding the latter, we suggest again that a 

successful vitalism will help make doctrines of non-trivial and strong organicism. 
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Chapter 6  

Evolution 

6.1 Introduction 

In chapter 2 I have suggested that in the history of evolutionary thought, in addition to 

Darwinism there was a different type of evolutionism, that is, vital evolutionism, shared 

by Kant, Schelling, Green and many others (but not Bergeson and British emergent 

evolutionists). In its essence, vital evolutionism claims that the evolution of life proceeds 

in accordance with a pre-determined plan, that is, the system of biological species. 

Inevitably, the presence of vital evolutionism naturally gives rise to the question about 

its relation to Darwinism. In this chapter my general goal is to suggest how vitalistic 

concerns are actually present in very subtle ways in evolutionary biology. As a prelude, 

in 6.2 I start with Darwinism, the doctrine of evolution by natural selection. I argue that 

the so-called principle of natural selection used in the active, “embracing” sense has its 

origin in vitalistic concerns. The rest of this chapter, in accordance with the thesis overall, 

concentrates on vital evolutionism. From 6.3 to the concluding 6.5 I demonstrate that 

vital evolutionism is indeed superior to Darwinism. This is done by examining a central 

and ongoing debate in evolutionary biology, that is, the debate between the so-called 

modern evolutionary synthesis (neo-Darwinism) and its proposed extension. 6.3 argues 

that there is no genuine extension of the modern synthesis, given current knowledge 

about biological evolution; and the root of the problem, however, is that the so-called 

modern synthesis is not at all a genuine synthesis framework, unless by sheer definition. 

6.4 contends that vital evolutionism would yield a genuine synthesis framework, if a 

system of vital laws were available. The whole chapter will highlight the analogy of the 

system of biological species and the periodic table of chemical elements.  
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6.2 On Darwinism I: natural selection 

Here I will contribute a brief analysis to the Darwinian doctrine of evolution by natural 

selection. Since Darwinism in the last 70 years, after the self-declared modern 

evolutionary synthesis, has been honored as a pathbreaking achievement in the history 

of science, we need to be very cautious. Still, let us start by clarifying the contents of 

Darwinism. However, it is exactly at this stage that we encounter obstacles. As to the 

question “what is Darwinism?” perhaps the most widely accepted answer is evolution by 

natural selection. Nevertheless, it is now also a fashion for some evolutionary biologists 

(extended evolutionary synthesis theorists, see below) to dismiss the doctrine of 

evolution by natural selection as inadequate to address a few evolutionary phenomena. 

But on the other side, Darwinians are not moved by this dismissal, they will say that 

Darwinism does not contradict any of these new phenomena, which, on the contrary, are 

treated by Darwinians as proving the virtue of Darwinism. As a result, it becomes difficult 

to precisely characterize Darwinism: does its include new phenomena mentioned above? 

Moreover, it is also risky to criticize Darwinism, since one can easily be dismissed as a 

Creationist. But anyway, let us start from the most basic as well as the most acceptable 

account of Darwinism, that is, the doctrine of evolution by natural selection. 

In chapter 3, I have briefly indicated how the slogan “evolution by natural selection” 

can be understood in both weak and strong senses of the term “evolution”. In its weak 

sense, evolution is defined as the change of gene/trait frequency in a given population. 

Admittedly, under this definition it is even adequate to say that natural selection, treated 

as a passive filter, is a cause of evolution. “Evolution by natural selection” makes perfect 

sense. However, the original sense of evolution is much stronger and it indicates the 

origin of species. Under this definition, natural selection can no longer remain a passive 

filter. Apparently, it is only adequate to say “evolution by natural selection”, when 

variation is, along with the passive sense of natural selection, defined into the concept of 

natural selection.1 In this scenario, natural selection turns out to be an active force, even 

though what is genuinely active to generate new species is variation.  

Perhaps the most influential account of natural selection comes from Sober (1984). 

Now there is a wide agreement, even among critics of Darwinism, that natural selection 

is a central concept in evolutionary biology. However, about ten years ago a prominent 

philosopher Jerry Fodor (2008), although an outsider of philosophy of biology, 

 

                                                      
1 There is a very interesting interpretation of Darwin’s own doctrine of natural selection, endorsed by Gould 

(2002: 137-59) and Stoltzfus and Cable (2014). They argued that Darwin did understand his natural selection as 

a creative force. I am not convinced by their arguments, perhaps due to my insufficient knowledge of Darwin’s 

texts. In their interpretation, Darwin seemed to define “copious, small, undirected” (Gould) variation into the 

principle of natural selection.    
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accompanied by his colleague (Fodor and Piattelli-Palmarini 2010), dared to challenge the 

supposedly unquestionable status of natural selection and Darwinism in a provocative 

way (“against Darwinism”). In response, a few biologists and philosophers have come up 

with harsh criticisms, which, according to the distinguished evolutionary biologist 

Richard Lewontin (2010), “has not been seen since 1859”. By the way, even though Fodor 

explicitly denied the creationist standpoint, Daniel Dennett did not hesitate to assert that 

Fodor has “come close to embracing…creationism” (2009: 10061).  

In the last ten years participants of this debate have made its structure clear, so I only 

seek to offer a clarification. To start, one main complaint from Fodor, among others, is 

that there are no general “laws of selection” (Fodor 2008: 11). The critics took issues with 

this claim of Fodor. According to the critics, evolutionary biology is full of such laws in 

different circumstances. For instance, Sober (2010) mentioned Ronald Fisher’s case study 

of sex ratio, Godfrey-Smith (2008) invited Fodor to look at “the evolutionary theory of 

aging” (37). Similar criticisms could be found in Pigliucci (2010), Futuyma (2010), Richards 

(2010) and Rosenberg (2013).   

However, it is easy to see that at this stage of the debate, participants were actually 

talking past each other. The critics failed to realize that Fodor did not oppose those often-

cited empirical achievements in evolutionary biology; indeed, he was taking issues with 

the so-called principle of natural selection per se. More careful discussions of Fodor’s view 

have confirmed this point and they can be found in Hornstein (2010), Gurova (2010), Díez 

and Lorenzano (2013). Gurova (2010) was sympathetic to Fodor, and he pointed out that 

natural selection, in order to yield empirical results, must be associated with additional 

hypotheses; conceding so, Díez and Lorenzano (2013) still insisted treating natural 

selection as a general principle, of equal importance to Newton’s second law in classical 

mechanics; however, Hornstein (2010), along with Brunnander (2007, 2013), rejected 

natural selection as of no explanatory force, because for them the real work is all done by 

additional hypotheses (also mentioned in Witteveen 2019). 

Compared to Díez and Lorenzano (2013), I think that Hornstein (2010), Gurova (2010)’s 

and Brunnander (2007, 2013)’s views are more adequate. Díez and Lorenzano (2013) 

defended natural selection as a general principle, by comparing it to Newton’s second law 

in classical mechanics. This is a typical legislating strategy. Let me now examine their 

view, and I will show how far such a legislation can go. Overall, compared to previous 

critics who often misunderstood Fodor, Díez and Lorenzano rightly pointed out that 

Fodor charged natural selection of being “definitional, truistic, or empty” (1156, from 

Lewontin 2010). Díez and Lorenzano (2013) first gave an excellent reconstruction of a 

principle of natural selection (especially 1153-4). However, they immediately noted that 

this reconstruction would be still open to Fodor’s charge of natural selection being a 

truism; they also noticed that Fodor, ironically, already gave a similar reconstruction 

(1155). Then to make a case against Fodor, they went on to defending natural selection as 

“a perfectly bona fide empirical unified explanatory theory” (1143). Their strategy is to 
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invoke Newton’s second law. They first claimed that Newton’s second law is as 

definitional as natural selection, then argued that it is still a “guiding principle” (1159) in 

classical mechanics. Obviously, they wanted to make a similar case for natural selection. 

I believe that they succeeded in showing that natural selection and Newton’s second law 

share several similarities (1158-66). However, in my view, what they failed to realize is 

that a so-called guiding principle can still be truistic and empty. While natural selection 

and Newton’s second law both guided respective scientific practices, the former is a 

truism known to everyone with common sense, while the latter can only be grasped after 

some training in physics. 

More generally speaking, maybe the whole debate is not complex at all. In my view, 

the debate can be easily dissolved through a logical analysis of the concept of natural 

selection. On Fodor’s side, obviously he treated natural selection as a mere formal truism 

which by itself only expresses a common sense. Yet his critics have given a different 

meaning to natural selection. On their sides, natural selection contains not only a formal 

truism (guiding principle if you want!), but also material contents of the world, such sex 

ratio allocation, aging, etc. This conception of natural selection is much broader and 

includes numerous additional hypotheses (about organisms and environments); 

sometimes I even feel that this conception contains hypotheses about all evolutionary 

phenomena whenever differential reproduction takes place. It is clear that Fodor would 

not deny these phenomena and object to explanations of them; he only complained that 

natural selection, under his definition as a formal truism, plays a trivial role in explaining 

these phenomena, since, once additional hypotheses are accepted, to paraphrase 

Brunnander (2013), “there is no further explanation to do” (73). Therefore, the debate 

turns out to be a non-debate because participants from the two sides fail to have an 

agreed definition for natural selection. There is no genuine disagreement. 

In this debate evolution is understood as “changes of the distribution of phenotypic 

traits in populations of organisms” (Fodor 2008: 1). In our terminology, this is the weak 

sense of evolution, arguably not the most influential one; evolution is more generally 

understood in its strong sense as the origin of the species. In these cases, unfortunately, 

similar non-debates are still widespread. As I have suggested, when evolution is 

understood as the origin of the species, if the slogan “evolution by natural selection” still 

wants to make sense, natural selection must be perceived as an active force, by putting 

together variation and the weak, passive sense of selection for a new definition.  

This is exactly how natural selection obtains a mystic power. Let me give two examples. 

Such a definitional trick already started in Darwin’s texts. The title of Darwin’s book is 

“the origin of species, by means of natural selection”, then some of his contemporaries 

complained that Darwin treated natural selection as an active force. Yet Darwin replied 

as follows: 
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In the literal sense of the word, no doubt, natural selection is a false term; but 

whoever objected to chemists speaking of the elective affinities of the various 

elements? — and yet an acid cannot strictly be said to elect the base with which it 

in preference combines. It has been said that I speak of natural selection as an active 

power or Deity; but who objects to an author speaking of the attraction of gravity 

as ruling the movements of the planets? Everyone knows what is meant and is 

implied by such metaphorical expressions; and they are almost necessary for 

brevity. So again it is difficult to avoid personifying the word Nature; but I mean by 

Nature, only the aggregate action and product of many natural laws, and by laws 

the sequence of events as ascertained by us. With a little familiarity such superficial 

objections will be forgotten (2009/1876: 63). 

So, by natural selection, Darwin in this passage meant “many natural laws”. This 

conception is close to the strong sense of natural selection; needless to say, natural 

selection defined as such is of course very complex. Very recently, in an entry article on 

natural selection, Philippe Huneman (2015) first noted that natural selection “seems a 

very simple idea” (37), then wrote that “natural selection is a very subtle concept and 

biologists and philosophers have been struggling for decades to make sense of it and 

justify its explanatory power” (37). However, the truth is that the weak sense of natural 

selection is indeed a simple idea, but the strong sense contains numerous additional laws 

and appears therefore to have impressive explanatory power.  

The controversies around the term “natural selection” can thus be resolved through a 

logical analysis. However, one might want to quibble that the active sense of natural 

selection includes so many additional laws and there is no point in keeping it as a unified 

principle. That could be, but at this point I do not want to judge and tell evolutionary 

biologists what to do. What I want to point out, nevertheless, is that the active, strong 

sense of natural selection is indeed the source of viewing natural selection as a unified 

principle. Hence the slogan “evolution by natural selection”. In its strong sense, it gives 

the impression that biological evolution or even biology has a unified principle (“biotonic 

laws”, see Crick 1967); in its weak sense, it is trivially adequate. Similar stories can be told 

for other concepts in evolutionary biology, like variation, divergence, adaptation (the so-

called adaptationist program), etc. It is also very unfortunate that, I must add, Darwinians, 

other than repeatedly discrediting critics as Creationists, shift constantly between weak 

and strong senses; they use strong senses of these terms to make exaggerated claims, but 

turn to weak senses (and case studies in evolutionary biology) for legislation. 
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6.3 On Darwinism II: modern evolutionary synthesis and its 

extension 

Now we move on to examining Neo-Darwinism, or the so-called modern evolutionary 

synthesis. In the standard narrative, the modern evolutionary synthesis took shape 

between the 1930s and the 1950s, and its major achievement was the reconciliation of 

natural selection and Mendelian genetics through mathematicians and biologists like Karl 

Pearson, Ronald Fisher, J. B. S. Haldane, Sewall Wright, Mayr, Theodosius Dobzhansky, 

and others. This reconciliation initiated a new discipline called population genetics. In 

addition, various other traditional and emerging disciplines in biology, such as cytology, 

systematics, botany, paleontology and morphology, were brought into a unified 

framework of the modern evolutionary synthesis (Huxley, J. 1943; Mayr and Provine eds. 

1982). According to this classical synthesis framework, biological evolution starts with 

variations brought by genetic mutations, then natural selection work on these variations 

to produce adaptive organisms.2  

However, critics of the modern synthesis have not been lacking ever since its 

formation. After about fifty years of sporadic criticisms, recently a few evolutionary 

biologists and philosophers of biology, drawing on some latest achievements in 

evolutionary biology, declare that a new theoretical framework is needed to extend the 

modern synthesis. According to these calling for an extension, the classical framework is 

too narrow-minded for its gene-centric view, and too unproductive due to its 

overemphasis on phenomena of selection and adaptation. In contrast, their extended 

framework operates without these defects, and it will bring back the organicist or 

structuralist standpoint and restore the richness of evolutionary phenomena. In this 

section I examine the controversy between the modern synthesis and its proposed 

extension in detail. I start with a brief history of the controversy (6.3.1), then I draw a 

temporary conclusion (6.3.2). Afterwards I discuss two recent analyses of this controversy 

(6.3.3). I conclude that there is no non-trivial sense of synthesis (in both the classical and 

the extended frameworks) in current evolutionary biology (6.3.4). 

 

                                                      
2 Recently Stoltzfus and Cable (2014) presented a very interesting alternative history of evolutionary biology in 

the early twentieth century. They claimed that the modern synthesis understood today (mutation + selection) 

was actually generated earlier before the 1930s. Stoltzfus (2017) later noted that the “original Modern 

Synthesis” endorsed by synthesis architects like Mayr and Dobzhansky, which “failed rather quickly as a master 

theory” (3), is different from the modern synthesis understood today. This is a plausible historical revision. 

However, since in this chapter my main focus is logical analysis, I only consider the modern synthesis defined 

as the mutation-selection framework. Meanwhile, I suspect that the real history might be more complicated 

than Stoltzfus suggested. As I will suggest below, the critics of the modern synthesis from the 1960s already 

treated it as the mutation-selection framework.  
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6.3.1 A brief history of the controversy 

In the 1950s and 1960s, molecular biology was just unfolding, and it had not attained a 

status as distinguished as that of today. The mainstream discourse in evolutionary biology 

remained closely associated with traditional disciplines such as paleontology. In this 

period the exchange between the philosopher Marjorie Grene and several evolutionary 

biologists was of some theoretical interest to us (For a brief introduction to this exchange, 

see Eldredge 1992).  

In 1958, Grene published a provocative article entitled “Two evolutionary theories”. In 

this article, Grene contrasted the Neo-Darwinian doctrine of evolution consolidated in 

the modern synthesis, with the more traditional, or even pre-Darwinian, morphological 

theory of evolution which, to certain extent, was eclipsed by the classical synthesis 

framework. For Grene, Neo-Darwinism treats the organism as a mere “juxtaposition of 

small discrete particulars” rather than “an organic whole” (Grene 1958: 126). Moreover, 

it views evolution only as a process of giving rise to adaptive traits through natural 

selection operating on variations of particulate genes. For these reasons Grene 

complained that by paying insufficient attention to organisms Neo-Darwinians determine 

“not to look at structure” and believe that structure “must be reduced to the conditions 

out of which it arose rather than acknowledged as structure in itself” (126). 

According to Grene, the neglect of organic structures is the central defect of the 

modern synthesis. Grene took the distinguished paleontologist G. G. Simpson, an active 

participant in the modern synthesis, to be the Neo-Darwinian representative. On the 

contrary, her own scientific hero was O. H. Schindewolf, a German paleontologist in the 

tradition of morphological evolution. In Grene’s mind, Schindewolf’s doctrine of 

evolution overcomes the defects of the modern synthesis because it pays sufficient 

attention to organisms, with a focus on structural concepts such as “Bauplan” and “type”, 

the empirical correlates of which cannot be simply viewed as functional adaptations. In 

Schindewolf’s doctrine there is also a bold hypothesis about organic structures (relevant 

to vital evolutionism, see section 4): life is able to generate novel forms, structures and 

organizations (“life can originate novelty”, 115). For Schindewolf and Grene, this 

hypothesis is simpler and perhaps less mysterious than those organized around natural 

selection. In addition, quite interestingly, Schindewolf refused to offer further 

explanations of the concept of life, and he suggested that his refusal is entirely justifiable, 

because physicists are also unable to further explain physical concepts such as “force” or 

“gravitation” (115).  

Grene’s article received two harsh responses from working biologists (Van Valen 1963; 

Bock 1963), to whom she offered a rejoinder afterwards (Grene 1963). In these two 
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responses, in addition to repeatedly and mistakenly addressing Grene’s incompetence in 

evolutionary biology (see Grene 1963 response), these biologists did point out some 

questionable aspects of Grene’s conception of Neo-Darwinism. Importantly, Leigh Van 

Valen claimed that “a major theme of Grene’s paper, that neo-Darwinism ignores the 

structure, patterns and integration of organisms, is simply false” (Van Valen 1963: 149). 

Similarly, but with higher clarity Walter J. Bock declared that “the basic ideas used by 

most morphologists today are in complete agreement with the synthetic theory of 

evolution, if not based completely upon it” (Bock 1963: 142). Thus, in view of Grene’s 

criticisms of Neo-Darwinism and the responses from evolutionary biologists, a 

preliminary summary of this exchange is that Grene seemed to accuse Neo-Darwinian 

biologists of paying insufficient attention to, if not entirely ignoring, organisms and their 

structures, but the latter emphatically denied the accusation and blamed Grene for her 

ignorance of evolutionary biology. 

In Grene’s article the term “gene” seldom appeared, and the influence of molecular 

biology had not really shown its force in shaping the discourse of the modern synthesis. 

However, the discovery of the DNA double helix structure before Grene’s article, and a 

series of breakthroughs in molecular biology afterwards, decisively popularized the 

molecular concept of the gene (Keller 2002). Starting from the 1970s, the gene-centric talk 

became common among biologists. In addition, several popular science books, such as 

Richard Dawkins’ the Selfish Gene (1976) and E. O. Wilson’s Sociobiology (1975), promoted 

the gene as a cultural icon and the gene-centric talk began to exert some ideological 

influence outside serious sciences. All these had impacts on evolutionary biology. From 

the 1970s to the 1990s, despite the continuous presence of paleontology and other 

traditional disciplines (e.g., Gould and Lewontin 1979), the battle over the modern 

evolutionary synthesis centered around the concept of the gene. On the surface the 

progress made in molecular biology, especially those impressive achievements in 

molecular genetics, confirmed the centrality of the gene in shaping evolutionary history, 

and thereby hardened the modern synthesis. Indeed, this was the view held by a few 

prominent evolutionary biologists, such as Lewontin (2001) and Gould (2002). But to 

counter the gene-centric talk, Lewontin, Gould, and their followers tended to stress the 

role of organisms in shaping evolution, always with strong polemic tones (e.g., Allen et al 

1975). But Lewontin’s and Gould’s appeals were resisted by evolutionary biologists less 

critical of the gene-centric talk in the modern synthesis. These biologists included 

Dawkins (1982) and John Maynard Smith (1982).   

In my view the debates between biologists in this period were deeply motivated by 

ideological reasons, which generated numerous cases of talking past each other 

(Segerstrale 2000). So, here I shall present a relatively less well-known but more science-

oriented exchange between Dawkins and his friend Brian Goodwin in the 1990s. In this 

exchange, Dawkins did not speak like the popular science writer in the Selfish Gene and 

became more cautious about the use of concepts. He took the challenges from Goodwin 
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seriously. At the start of their discussion, Goodwin was unsatisfied with Dawkins’ 

depiction of organisms as mere “survival machines constructed by their genomes and 

adapted by natural selection to existence in a particular habitat” (Goodwin and Dawkins 

1995: 48). And in Goodwin’s view, “DNA replication is in no sense equivalent to the 

reproduction of organisms” (50), and an organism is “a structural and functional unity” 

and obeys “principles of dynamic order” governed by “field equations” (53).  

In his response Dawkins toned down his gene-centric rhetoric and tried to be more 

precise about his standpoint. According to Dawkins, “Goodwin might be right” (54) in 

characterizing organisms as governed by field equations, but his own concern over the 

gene was equally reasonable, because “genes have a unique role to play in functional 

explanations” (55). Concerning organisms, Dawkins thought that his gene-centric view 

deals with the functional aspect, while Goodwin’s concern over embryological issues 

addresses the structural and developmental aspects. For Dawkins, importantly, all three 

aspects are important to understand evolution, and “none can, in any sense whatsoever, 

be regarded as a substitute for either of the others” (54). In sum, Dawkins stressed that in 

evolutionary biology his view of genes does not contradict Goodwin’s concern over 

organisms. 

After 2000, empirical knowledge about genes and organisms continued flourishing 

with more sophisticated research methods and experimental results. Perhaps motivated 

by this accumulation of knowledge, the critics of the modern evolutionary synthesis felt 

the necessity of expressing their concern more systematically. As a result, a few 

evolutionary biologists, joined by philosophers of biology, started to develop a new 

framework, with the intent of extending the modern synthesis. For them the modern 

synthesis is fatally defective and urgently needs an extension, particularly for its narrow 

gene-centric view and its neglect of organizations and structures.  

Though similar voices appeared long before in various fragmentary forms (e.g., 

Pigliucci 2007, 2009, 2010b), a 2014 debate in Nature brought the call for an extension of 

the modern synthesis into central focus. A team of evolutionary biologists, including 

Kevin Laland and Gerd B. Müller, argued for extending the classical framework and 

contended intensely that “without an extended evolutionary framework, the theory 

neglects key processes” (Laland et al 2014: 161), such as phenotypic plasticity, niche 

construction, inclusive inheritance and developmental bias. In contrast, the other team, 

represented by Gregory A. Wray and Douglas J. Futuyma , responded that “all is well” 

(161), and that they “do not think that these processes deserve such special attention as 

to merit a new name such as ‘extended evolutionary synthesis’” (163).  

Neither team was able to convince the other, and the 2014 exchange failed to, as far as 

I see, produce any positive result. The two teams, especially the more active one calling 

for an extension, continued elaborating their positions by organizing conferences and 

editing books. In 2015 Laland with his colleagues wrote “the extended evolutionary 

synthesis: Its structure, assumptions and predictions”. In this systematic article they 
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maintained that an extended synthesis was highly desirable. In November 2016, a few 

biologists and philosophers organized a conference called “New Trends in Evolutionary 

Biology”, in order to better articulate their extended framework from both theoretical 

and empirical perspectives. The theoretical biologist Müller offered a highly systematic 

account of the position for an extension, “why an extended evolutionary synthesis is 

necessary” (Müller 2017). Müller started with a characterization of the modern synthesis. 

According to Müller, the classical framework consists of the follow tenets:  

(i) all evolutionary explanation requires the study of populations of organisms. (ii) 

populations contain genetic variation that arises randomly from mutation and 

recombination. (iii) populations evolve by changes in gene frequency brought 

about by natural selection, gene flow and drift. (iv) genetic variants generate slight 

phenotypic effects and the resulting phenotypic variation is gradual and 

continuous. (v) genetic inheritance alone accounts for the transmission of 

selectable variation. (vi) new species arise by a prevention of gene flow between 

populations that evolve differently. (vii) the phenotypic differences that 

distinguish higher taxa result from the incremental accumulation of genetic 

variation. (viii) natural selection represents the only directional factor in evolution. 

(3)  

Then because of these tenets, Müller continued: 

current evolutionary theory is predominantly oriented towards a genetic 

explanation of variation, and, except for some minor semantic modifications, this 

has not changed over the past seven or eight decades. Whatever lip service is paid 

to taking into account other factors than those traditionally accepted, we find that 

the theory, as presented in extant writings, concentrates on a limited set of 

evolutionary explananda, excluding the majority of those mentioned among the 

explanatory goals above… it has become habitual in evolutionary biology to take 

population genetics as the privileged type of explanation of all evolutionary 

phenomena, thereby negating the fact that, on the one hand, not all of its 

predictions can be confirmed under all circumstances, and, on the other hand, a 

wealth of evolutionary phenomena remains excluded. For instance, the theory 

largely avoids the question of how the complex organizations of organismal 

structure, physiology, development or behaviour—whose variation it describes—

actually arise in evolution, and it also provides no adequate means for including 

factors that are not part of the population genetic framework, such as 

developmental, systems theoretical, ecological or cultural influences. (2017: 3) 

Other similar depictions of the defects of the modern synthesis abound in the rest of 

Müller’s article. His rationale is clear. According to Müller, the modern synthesis, as a 

result of its narrow focus on “genetic principles and gene determinist convictions” (3), 

fails to “address some of the most important phenomena of organismal evolution” (4).  
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If the modern synthesis were so defective, it would follow naturally that to account for 

phenomena of organismal evolution, the modern synthesis needs an urgent extension. 

Müller contrasted the modern synthesis with its proposed extension, first from the 

theoretical point of view:  

Whereas the MS theory and its various amendments concentrate on genetic and 

adaptive variation in populations, the extended framework emphasizes the role of 

constructive processes, ecological interactions and systems dynamics in the 

evolution of organismal complexity as well as its social and cultural conditions. 

Single-level and unilinear causation is replaced by multilevel and reciprocal 

causation. Among other consequences, the extended framework overcomes many 

of the limitations of traditional gene-centric explanation and entails a revised 

understanding of the role of natural selection in the evolutionary process. (1) 

In addition to these theoretical advantages, further for Müller, the extended synthesis 

also takes into consideration important empirical phenomena supposedly ignored by the 

classical framework. These phenomena are organized into a few sub-disciplines or 

research topics in evolutionary biology, such as evolutionary developmental biology 

(evo-devo), phenotypic plasticity, genomics, multilevel selection, inclusive inheritance, 

niche construction, systems biology and many others. Then finally on the basis of the 

extended synthesis, Müller hopes to offer the following predictions supposedly unavailable 

in the old framework:   

(i) the generation of heritable phenotypic variation (variation will be systematically 

biased and facilitated by the generative features of development). (ii) the origin of 

phenotypic novelty (novelties are due to emergent and self-organizing properties 

of developmental systems). (iii) the sequence of genetic and phenotypic change 

(emergent phenotypic structures can be captured and stabilized by evolving gene 

regulatory circuitry and assume fitness subsequently). (iv) inheritance (in addition 

to genetic inheritance, adaptive variants are propagated by non-genetic 

inheritance, learning and cultural transmission, as well as by repeated 

environmental induction). (v) tempo of evolution (periods of rapid phenotypic 

evolution can alternate with periods of slow and continuous change). (vi) 

environmental induction (phenotypic variation can be environmentally induced in 

multiple individuals simultaneously). (vii) organismal activity (niche construction 

effectuates environmental changes that enhance the fitness 

of the constructors and their descendants. (viii) natural selection (the primary 

evolutionary effect of natural selection is not to eliminate the unfit but to release 

generative potential). (8) 

There is no denying that these phenomena and predictions within Müller’s extended 

framework are rather complex, and it will take considerable scholarly efforts to digest 

even a small portion of them. But Müller’s strategy to make a case for extending the 

modern synthesis is simple and straightforward. In Müller’s account, the modern 
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synthesis has serious defects in its narrow gene-centric view and its obsession with 

natural selection and adaptation, so an extension is urgently needed to adopt the 

organismic standpoint and take phenomena of organization and development into 

account.  

I see no significant difference in other justifications for extending the modern 

synthesis (e.g., Pigliucci and Müller eds. 2010; Pigliucci 2015; Laland et al 2015). They first 

characterize the classical framework as too restrictive and contend subsequently that an 

extension is necessary for both theoretical and empirical reasons. Admittedly, these 

arguments offered by Müller and his colleagues are valid in themselves: The conclusion 

for the extension will go, as long as the premises are correct. However, biologists 

opposing the extension disagree. 

In response to Müller (2017), as the only biologist against the extended framework 

invited to the conference, Futuyma contributed a detailed comment, “evolutionary 

biology today and the call for an extended synthesis” (2017a). He continued his suspicion 

and claimed that “overall, I have seen little evidential support for challenges to the basic 

tenets of the Evolutionary Synthesis”.3 To make a case against the proposed extension, 

unlike his opponents who were inclined to give a laundry list of phenomena, Futuyma 

submitted all these phenomena to admirably detailed examinations (which presumably 

could only come from an experienced expert in evolutionary biology). Now let us take a 

closer look at Futuyma’s arguments against the extension.  

Futuyma’s central contention is that these phenomena claimed by the extended 

framework are undoubtedly important in evolutionary biology, but “almost all of this 

amplification of evolutionary biology has been on the core concepts of the evolutionary 

synthesis, which have held fast with only modest modification” (Futuyma 2017a). To show 

this, Futuyma examined four types of phenomena in the extended framework: Niche 

construction, phenotypic plasticity, inclusive inheritance, and evolutionary 

developmental biology. On each he wrote: 

Niche construction…is blindingly obvious to any naturalist…these themes had already 

been addressed long before the term “niche construction” was introduced, and 

understudied phenomena are available to anyone who becomes familiar with 

enough biology; so associating a study with a term does not itself show that the 

term or concept played a critical generative role. A great deal of research…have 

long used the concept of niche construction, without using the label…so far, no new, 

general theoretical principles that promise to guide novel empirical research have 

been articulate by proponents of niche construction.  

 

                                                      
3 Yet Futuyma was the only defender of the modern synthesis, and “after nearly every lecture” he responded 

with the same comment, “this has been said before” (Müller 2017: 8).  
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The concept of phenotypic plasticity, if not the term, is about as old as the distinction 

between genotype and phenotype…there is also an extensive literature on the 

benefits and costs of phenotypical plasticity…[yet] the evidence so far does not 

warrant much enthusiasm for the proposition that plasticity often paves the way 

for adaptation to novel selection pressures, much less for novel morphological or 

physiological adaptations…the implication that development has inherent 

properties that usually likely to generate new, adaptively directed phenotypes lacks 

any theoretical-or material, as far I can tell-foundations.  

Several bases for nongenetic inheritance have long been recognized…many of these 

phenomena have been modeled and empirically studied by evolutionary biologists 

for several decades, and it is not clear that the EES [extended evolutionary 

synthesis] brings anything new to the topic. Charlesworth et al. (2017), reviewing 

epigenetic and other sources of inherited variation, conclude that initially puzzling 

data have been consistent with standard evolutionary theory, and do not provide 

evidence for directed mutation or the inheritance of acquired characters.  

It has been said that development was excluded from the ES [evolutionary synthesis], 

but there is little ground for this accusation…some evolutionary biologists [in the 

evolutionary synthesis] were sensitive to the significance of 

development…Development is now well integrated into evolutionary thinking. 

[but] the idea that genetic or developmental “potential” biases variation and 

evolution is neither new nor a challenge to traditional theory. (Futuyma 2017a, all 

emphasis added) 

After these extensive illustrations, Futuyma concluded that “over all, I have seen little 

evidential support for challenges to the basic tenets of the evolutionary synthesis” 

(2017a). 

Besides, another important conclusion drawn by Futuyma, along with a few others, 

suggests that those arguing for the extension seriously misunderstand the modern 

synthesis. For instance, Laland et al (2015) contrasted core assumptions of the classical 

framework to those of the extended framework, but Futuyma (2017) strongly contended 

that that each of these characterizations of the modern synthesis is deeply unfair, if not 

entirely incorrect.  This is also echoed in Futuyma’s strategy to deflate the proposed 

extension. He argued that the extended framework first relies on a deeply inadequate 

characterization of classical framework, and next moves to exaggerating the importance 

of the extension. In sum, according to Futuyma, from the empirical point of view, these 

so-called novel phenomena stressed in the extended framework have long been studied; 

more importantly, these phenomena offer little if any theoretical challenge to the 

classical synthesis framework (a similar debate can be found in Laubichler 2010 and 

Minelli 2010). As a matter of fact, Futuyma’s position has changed very little, and in 1984 

he already complained that “the critics of neo-Darwinism fail to appreciate the richness, 

the plurality, of evolutionary mechanisms inherent in the synthetic theory” (1984: 532). 
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6.3.2 A temporary conclusion I 

As we have seen, the controversy about the modern synthesis and its proposed extension 

has started since the 1950s (perhaps even earlier?). Now attested by the debate between 

Futuyma and Müller, it remains a central issue in current evolutionary biology. However, 

frankly speaking, As I have suggested in the case of natural selection and Darwinism, this 

is a non-debate. Now let me draw a temporary conclusion. Unfortunately, the controversy 

is at best a matter of how to define the modern synthesis. Regarding the totality of 

evolutionary phenomena (all possible phenomena studied in evolutionary biology), the 

strategy of Müller (2017) seems to first isolate the phenomena of genes from the rest, and 

next define with some arbitrariness that the modern synthesis exclusively focuses on the 

former. In contrast, Futuyma (2017b) took the totality of phenomena into account and 

shows that the modern synthesis includes all of them. This is again a case of talking past 

each other.   

To emphasize again (as we did in the Introduction), in this case it is meaningless, at 

least in evolutionary biology itself (but not sociology!), to debate over the correct 

definition of the modern synthesis. Maybe, to do justice to the call for extension, we could 

agree with Müller and others on that empirical research should comprise both genetic 

and epigenetic phenomena. Yet to do equal justice to the classical framework, we could 

stand with Futuyma and others that the modern synthesis at least has not so far 

contradicted any epigenetic phenomena. However, if we want to be charitable to both, 

we must temporarily conclude that this is a clearly non-debate.  

The evolutionary biologist Stoltzfus went further and complained that “why these 

debates are so lame?” (2014). Except for obvious reasons studied in sociology of science, I 

also suspect that participants, under the influence of traditional philosophy, are actually 

more interested in legislating positions, which give rise to merely nominal synthesis 

frameworks. After all, it is clear that biologists against the modern synthesis, like Müller, 

still want another extended synthesis. Now in the following two sections, based on two 

recent analyses, I argue that there is no genuine synthesis framework in current 

evolutionary biology. 

 

6.3.3 On two recent analyses 

Unlike Futuyma and Müller, who are more or less into some definitional disputes, some 

philosophers propose to examine the logical relation between the modern synthesis and 

evolutionary biology. Here they have not played any obvious definitional trick to define 

all evolutionary phenomena into the modern synthesis. Instead, they are more serious 

and define clearly the modern synthesis to be the mutation-selection framework. 
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However, in the following I still want to show that their defense of either the classical or 

the extended framework only result in at best nominal synthesis frameworks. The idea of 

a synthesis is itself misguided. 

Let us first look at an article from Lu and Bourrat (2017), who preferred to defend the 

modern evolutionary synthesis. Lu and Bourrat (2017) treated a particular theme in 

relation to the call for an extended evolutionary synthesis, that is, epigenetic inheritance. 

Their article can be viewed as a response to some authors calling for an extended 

synthesis by invoking epigenetic inheritance. These authors (e.g., Jablonka and Lamb 

1995, 2005) claimed that, in brief, since in evolution inheritance is not merely achieved 

through the replication of genetic materials-in most occasions-DNA sequences, 

evolutionary theory must be extended to account for mechanisms of epigenetic 

inheritance, that is, inheritance achieved through non-genetic materials, for instance, 

DNA methylation or developmental factors. But Lu and Bourrat (2017) disagreed with this 

claim. For them, epigenetic inheritance does not lead to “a profound conceptual change” 

(14) of the evolutionary theory. The gist of their defense of the modern synthesis lies in 

their re-defining the concept of the evolutionary gene: 

Evolutionary theory does not have to commit to DNA as the sole material support 

for the genes…To summarize, an evolutionary gene can also refer to epialleles such 

as RNA molecules, DNA methylation patterns, and other internal factors of the 

organism. (16) 

Under this new definition of the evolutionary gene, original epigenetic inheritance can 

be treated as genetic inheritance. Indeed, just like the classical synthesis theorists who 

defined or re-defined the classical framework in order to encompass everything in 

evolutionary biology, Lu and Bourrat (2017) re-define gene to encompass all heritable 

entities (“heritable, atomistic units”, 10). Of course, again, nothing is problematic from 

the logical point of view. Yet I believe that authors for an extended synthesis would 

complain that this re-definition is unfair because it encompasses all possible heritable 

entities (even entities that need to be identified in the future!). Then, I conclude that on 

epigenetic (or genetic, according to the new definition) inheritance both sides do not 

disagree over phenomena (such as DNA methylation or inheritance caused by 

developmental factors); rather, they disagree over definitions, or perhaps what counts as 

“a profound conceptual change” (A similar issue concerns the definition of random 

mutation, see Merlin 2010). 

Another central theme within the concern of the extended synthesis theorists is 

organism, in its physiological as well as developmental aspects (see 6.3.1). Accordingly, 

Huneman (2014a, 2014b, 2017) proceeded to offer a critical assessment. In his own words, 

the central issue is whether the modern synthesis “can indeed provide a theory of 

organisms” (2014b: 163). Inspired by Kant’s concept of the organism as “both an organized 

and a self-organizing being” (2017: 379), Huneman advanced the design criterion and the 
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epigenesis criterion. The design criterion focuses the design (physiological) aspect of 

organisms and raises the challenge whether the modern synthesis can account for 

organisms as if they were “technical complex objects” (378). The epigenesis criterion 

highlights the developmental aspect of organisms and questions whether the modern 

synthesis can explain organisms as “entities that have an epigenetic character: they are 

constantly producing themselves during embryogenesis and through their normal 

functioning” (379).  

According to Huneman, a successful account of organism from the modern synthesis 

must ensure that these two criteria are to be fulfilled. Regarding the design criterion, 

Huneman contended that “the design of an organism can be seen as explained by 

selection, and in the end it results from the dynamics of alleles” (2014b: 173, emphasis 

added). Moreover, treating organisms as if they were “engineered machine(s)” (2017: 381) 

is a regulative and methodologically useful principle in some research programs in 

evolutionary biology (e.g., behavior ecology). Regarding the developmental aspect of 

organisms, to check whether the epigenesis criterion is fully satisfied, Huneman 

suggested: 

Therefore, the more important and relevant genes are within the former circular 

processes, the more the self-organizing aspect...can be understood through the 

selective dynamics. Having a measure of the relative weight of the genes involved 

in such processes could indicate to what extent the MS can account for this other 

side-the epigeneticity [epigenesis] criterion-of organisms. (2014b: 174) 

For empirical tests Huneman then turned to developmental biology, or more specifically, 

gene regulatory networks (GRN) in developmental processes. The central concern is “the 

relative weight of genes” (174), which in Huneman’s eyes could be seen through asking 

“what is the relative effect of changing genes and gene states with regard to changing the 

other factors in the overall network” (174). In his 2014b article, Huneman identifies two 

types of GRNs. Type 1 consists of GRNs in which “many different interactions with 

proteins are projected upon the same gene activity” (175). As a result, “the major causal 

effect is due to gene changes” (175). Type 2 comprises GRNs in which “the set of proteins 

and metabolic interactions defined by the small changes in a given one has many 

projected images on the gene space instead of just one” (175). In consequence, in causing 

“variations between phenotypes...gene differences” (175) are no longer more important 

than other entities. Huneman re-emphasizes this point of gene importance in his 2017 

article. According to Huneman, in research programs if “there is no privileged 

explanatory reference to genes and genomes as designed” (386), the epigenesis criterion 

cannot be fully satisfied. 

One important virtue of Huneman’s analysis is that he did not try to issue a legislation 

for the modern synthesis by re-definition. Then, does Huneman’s analysis succeed in 

elucidating the whole controversy and offering a limited justification for the modern 
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synthesis? I shall show that it does not. Now in the following I give Huneman’s analysis a 

close examination. First consider the design criterion, regarding which Huneman in the 

main thought that it is fulfilled in the modern synthesis (“the design of an organism can 

be seen as explained by selection, and in the end it results from the dynamics of alleles”, 

2014b: 173). However, in a different passage Huneman also said that the designedness of 

organisms is merely a regulative principle (“she does not thereby show that an organism 

is an engineered machine, but is guided by the regulative principle to examine organisms 

as if they were”, 2017: 381). Being regulative, the design criterion should be seen as setting 

up a task, or a research program to be fulfilled. Then it does not seem adequate to conclude 

that the modern synthesis fully accounts for the design criterion. At best, we might say, 

the modern synthesis does not contradict the design criterion and its associated research 

subject (e.g., behavior ecology). 

Huneman in his 2017 article claimed more explicitly that the design criterion only 

“empirically holds” (2017: 385, emphasis added), and this judgment is based on “the 

empirical fact that the conditions have been met in our world” (385, emphasis added). But 

in an earlier passage Huneman wrote more forcefully that mathematical models in 

population genetics (such as Ronald Fisher’s fundamental theorem of natural selection, 

Alan Grafen’s formal Darwinism project, George Price’s equation, etc.) “ground a 

maximizing trend by analytically linking selection to fitness increase” (380, emphasis 

added), and attempt to show that “a designing trend is intrinsic to the working of natural 

selection” (380, emphasis added). Here lies, I believe, the root of the problem in 

Huneman’s discussion of the design criterion, that is, his conflation between analytic and 

empirical matters. On the one hand, in Huneman’s account the concept of the design 

receives an analytic treatment, which mathematically demonstrates that natural 

selection leads to fitness increase. It is also based on those models that Huneman felt 

confident to state that “the design of an organism can be seen explained by natural 

selection” (2014b: 173), and further that the design criterion is fulfilled. Yet on the other 

hand, in Huneman’s account the concept of the design must also receive empirical 

interpretations, that is, (genetically, morphologically, physiologically, behaviorally, etc.) 

adaptive traits possessed by organisms. But here from the empirical point of view, it is 

only possible for Huneman to conclude that the design criterion is at present fulfilled 

“empirically” (2017: 385), and that the design criterion suggests a “regulative principle” 

(2017: 381). 

So, the claim that the design criterion is fulfilled needs to be unpacked, and there are 

at least three senses attributed to this claim by Huneman. (1) Mathematical models in 

population genetics ensure that trends of fitness increase are possible through natural 

selection, and therefore the design criterion might be analytically satisfied (or put it more 

precisely, there is no analytic contradiction if the design criterion is empirically fulfilled). 

(2) In evolutionary biology some adaptive traits have been shown to be designed results 

of natural selection, and in these cases the design criterion is empirically fulfilled. (3) 
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Even though some traits have not been established as designs of selection, it is fine to 

treat them as if they were in empirical research, and nothing contradicts the hypothesis 

that they would indeed be so and meet the design criterion in future research. 

It is therefore not so easy to fulfill the design criterion, at least from the empirical point 

of view. To show that a particular trait is a result of natural selection, first, mathematical 

models for this process might be helpful in some cases, and in the very least they show 

that it is analytically possible. Second, however, it seems more advisable and even 

necessary to specify its biological (genetical, morphological, physiological, behavioral, 

etc.) conditions, environmental factors, and their interactions that give rise to its fitness 

value. These issues are difficult to solve in evolutionary biology. It then follows the 

question that to what extent the design criterion is fulfilled in the modern synthesis. As 

we have seen, to empirically fulfill the design criterion, evolutionary biologists, ideally, 

need to invoke genetic, morphological, physiological and behavioral details of the 

adaptive trait. But if the modern synthesis is defined to be stressing a gene-centric view, 

it is then hard to escape the conclusion that the modern synthesis fails to fully explain 

design because it neglects epigenetic matters.  

Yet Huneman also adopted a different strategy, and he relied on “the relative weight 

of genes” (2014b: 174). Huneman more explicitly invoked this strategy in his second 

criterion, namely, the epigenesis criterion. According to the previous analysis, it is clear 

that the epigenesis criterion, similar to the design criterion, faces the same question. 

Given the fact that many epigenetic phenomena are involved, to what extent are we able 

to claim that these two criteria are fulfilled in the modern synthesis, which is supposedly 

more concerned with genes? Huneman tried to answer this question through assessing 

the relative importance of genetic and epigenetic factors. According to Huneman, in some 

cases (Type 1 GRNs) genes and genomes are central, while in others (Type 2 GRNs) they 

are no more important than epigenetic factors. 

However, the meaning of the term “central” needs to be unpacked, and Huneman said 

explicitly that genes and genomes are central when “the major causal effect is due to gene 

changes” (2014b: 175). Of course, nothing is wrong to define the term “central” in this 

way, but it is not clear whether this is useful to understand the logical issues about the 

modern synthesis. Regarding both criteria, to show that they are empirically fulfilled, 

both genetic and epigenetic (including organismic) phenomena must be considered. Yet 

once these evolutionary phenomena have been fully addressed, nothing essential, in 

principle, is left out in evolutionary biology. From one perspective genetic factors might 

be “central” because compared to epigenetic factors they are used to transcribe peptides 

and proteins; but from a different perspective epigenetic factors are also “central” since 

they are used to regulate transcription and translation. Therefore, if we push Huneman’s 

analysis to its logical conclusion, we must then give priority to the totality of evolutionary 

phenomena of both genetic and epigenetic types. In consequence, the question whether 

the modern synthesis can account for all these phenomena is no longer important. After 
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all, genes and organisms are both central, although in different ways. To conclude, 

Huneman’s analysis indicates no essential difference from others mentioned above; it still 

relies on a more or less arbitrary definition of the modern synthesis, by defining a few 

specific evolutionary phenomena into its framework. 

6.3.4 Case studies from evolutionary biology (2018) 

In order to further strengthen the point that evolutionary phenomena of different types 

must come first, in this section I present five empirical studies published in 2018 on major 

evolutionary biology journals. The first four are deliberately chosen with respect to 

different biological levels, genetic (concerning the RNA world, though), organismic, 

populational, and ecological. The last one concerns the origin of Homo Sapiens. Meanwhile, 

I need to admit that, even though I can present these studies in a clear way, I do not have 

any profound knowledge of the issues addressed by these studies.  

The first case study is a genetic one and it concerns the evolution of cooperative RNAs 

capable of sustainable replication (Mizuuchi and Ichihashi 2018). According to the two 

biologists, it remains a puzzle how independently replicating molecules formed a 

cooperative whole, despite the disruption of parasitic entities. Then their work attempts 

to model the process for two kinds of RNAs and find some of its supporting conditions 

from the theoretical as well as the experimental points of view. Theoretically, the two 

biologists used computer simulation and identified “the average RNA concentration” as 

the crucial factor for sustainable RNA replication. According to their simulation results, 

RNA replication at a high average RNA concentration is easily disrupted by mutant or 

parasitic RNAs; RNA cooperative compartmentation is not efficient enough under a low 

average RNA concentration, since the chance for two types of RNA to encapsulated in the 

same compartment (water-in-oil droplet) is very small; only a middle average RNA 

concentration ensures both replication and cooperation. This theoretical prediction is 

also confirmed by experimental results. The two biologists used two kinds of RNAs, 

artificial genomic RNA and NDK-RNA (which encodes E. coli nucleotide diphosphate 

kinase (NDK)). In the main, the long-term replication experiments also show that mid-

range concentration of RNAs is crucial to cooperative replication.  

The second case study is an organismic one and it deals with the evolution of microbial 

methanogenesis (Wolfe and Fournier 2018). This study is brilliant and uses molecular 

clock analysis to answer several questions, some of which are outside evolutionary 

biology, strictly speaking. One such question regards the “faint young sun paradox”, 

according to which the luminosity of the sun in the Archaean eon (4.6 to 2.5 billion years 

ago) is judged as not high enough to sustain an (ascertained) liquid hydrosphere. 

Therefore, a different source of heat must be found, and the greenhouse effect brought 

by Microbial methanogenesis has been viewed as one major option. However, the 
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existence of archaeal methanogens in the Archaean eon cannot be ascertained, due to 

limited geochemical evidence (only dating back to 2.7 billion years ago). To solve this 

problem, the two biologists proposed to use a temporary constraint, by identifying a 

horizontal gene transfer event from archaeal methanogens to the ancestor of 

Cyanobacteria. By this event, the two biologists estimated that the origin of methanogens 

should be earlier than 3.51 billion years ago, and this estimation gives indirect support 

for solving the “faint young sun paradox”, by citing the greenhouse effect of microbial 

methanogenesis. 

The third case study is a populational one and it discusses the “bridgehead effects”, a 

type of phenomena typical in biological invasions (Bertelsmeier and Keller 2018). The 

bridgehead effect indicates that introduced populations are often inclined to invading 

further into deeper territories (similar to the phenomenon that “a military unit 

establishing a foothold at the far side of a bridge, prior to further incursions into hostile 

territories”, 527). Accordingly, now there is a popular explanation saying that the 

bridgehead effect is due to increased invasiveness of the introduced populations. But the 

authors disagree. According to the authors, most studies for the increased-invasiveness-

explanation are sloppy and logical rigor is lacking. First, these studies have not 

demonstrated adaptative evolution in cases of further invasions. Second, very few have 

ever tried to identify genetic changes which are supposed to confer increased 

invasiveness. But the authors do not deny the possibility of such explanations. Very 

charitably they list evidence needed: (1) origin of the introduced populations; (2) genetic 

basis for phenotypic differences; (3) genetic differences conferring greater invasiveness; 

(4) pre-adaptation for secondary spread (in my view, the two authors have actually 

identified a possible negative consequence of the so-called adaptationist research 

program: to “explain” a phenomenon by dubbing it as an adaptation, without doing any 

real empirical investigations). 

The fourth case study is an ecological one and it addresses selection across multiple 

scales (Lenton et al 2018). The major conceptual “innovation” in the eyes of the authors 

is the concept of sequential selection. According to the authors, sequential selection is 

intended to account for “global-scale environmental regulation which involves a 

temporary and spatial decoupling of effects from actors that makes conventional 

evolutionary explanations problematic” (633). On 639 the two authors presented the 

sequential selection algorithm, which is basically a trial-and-error process (“evolutionary 

innovation”-“eliminate destablising effects”). Then the question how sequential selection 

is different from natural selection emerges, especially when the latter is viewed in a 

broader sense. In my view, phenomena (e.g., evolution of recycling loops) presented in 

this article are interesting evolutionary phenomena; however, the authors presented 

these phenomena, unfortunately, through too broad concepts like selection.  

The fifth case study refers to the fascinating theme of the origin of Homo Sapiens and is 

actually a review of several pieces of recent evidence disputing a traditional hypothesis 
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(Rabett 2018). There is a hypothesis in relation to the early history of Homo Sapiens 

suggesting that an early dispersal of Homo Sapiens from Africa into the Levant during 

Marine Isotope Stage 5 (MIS-5) 126-174 ka (thousand years ago) was “a precociously early, 

geographically local and ultimately ill-fated dispersal”. But according to the author, 

recent evidence from genetic and demographic surveys provides evidence to show that 

the MIS-5 dispersal might encompass “a much greater geographic distribution and 

temporary duration”. 

Finally, I hope to show how these case studies help strengthen my claim that there is 

no genuine synthesis framework, unless by arbitrary definitions. The reasons are simple. 

Does the modern evolutionary synthesis or the extended evolutionary synthesis shed 

lights on these cases studies from 2018? I cannot see how they can do that. What is the 

synthesis element shared by all these studies? Or put it radically, how is the evolution of 

RNAs capable of cooperative replication relevant to the evolution of Homo Sapiens? 

Ironically, as far as I see, synthesis frameworks are only achievable through arbitrary 

definitions: “the image of the emergent EES as a vast network of models and interweaved 

representations that, instantiated in diverse practices, are connected and related in 

multiple ways” (Fábregas-Tejeda and Vergara-Silva 2018: 169); “what is happening in the 

field today is a development of the evolutionary research programme, whose structure is 

composed of a set of compatible and integrated evolutionary patterns” (Pievani 2016: 

446). By the way, here it is clear that the Kuhnian ideas of paradigm (expressed as 

“network” and “programme”) have been used to legislate nominal synthesis frameworks 

in evolutionary biology.  

 

6.3.5 A temporary conclusion II 

We repeat Stoltzfus (2014)’s conclusion that the debate over whether the modern 

evolutionary synthesis needs an extension is a non-debate. 4  The two sides have no 

genuine disagreement; the nominal disagreement only concerns issues of definition. One 

such issue concerns the definition of the modern synthesis itself. Authors for the 

extension tend to define the modern synthesis as the genetic mutation-selection 

framework and then identify their extended framework with evolutionary biology. On 

the contrary, those against the extension are inclined to identify the classical synthesis 

framework with evolutionary biology. Therefore, the nature of the two (classical and 

 

                                                      
4 I also recommend Stoltzfus’s other conclusions in his blog: (1) “meta-science is not science”; (2) “research 

programs are not theories; (3) “The Old Bait and Switch” (2014).  
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extended) so-called synthesis frameworks must be reconsidered, by returning to 

evolutionary biology itself.5 

As I have suggested in 6.3.4, most evolutionary biologists today try to tackle particular 

problems with specific methods. Scientific achievements come from solving these 

particular problems. Only in relation to possible solutions to these problems might a 

genuine disagreement emerge and lead to meaningful scientific discussions. Evolutionary 

biology is of course a standard scientific discipline; however, it is difficult to find any 

common principle or synthesis framework in current evolutionary biology. Natural 

selection is no such principle; the classical and the extended synthesis frameworks are 

equally unqualified. Indeed, it is quite likely that biologists will be offended if they are 

told that their painstaking theoretical and experimental investigations are guided by 

either the classical or extended synthesis framework. They might even think that some 

so-called “theorists” want to take credits from their work, yet by making literally no real 

contribution. 

We have only concluded that in current evolutionary biology no synthesis framework 

exists, unless by definition (Welch 2017). Then what about the future? Strictly speaking, 

no one knows. Given evolutionary biology in present status, there are at least four 

different attitudes towards a synthesis framework. As we have seen, supporters of the 

modern synthesis identify evolutionary biology with the modern synthesis, while 

opponents identify it with the extended synthesis. They both have synthesis frameworks, 

but by sheer definition. In consequence, Stoltzfus (2017) complained that synthesis 

frameworks “achieved” so far are results of “identity-politics” (5): “a deliberate campaign 

to establish a cultural identity” (10). Stoltzfus then expressed his own attitude, that is, 

from the theoretical point of view, “we do not want another master theory” (10). His 

attitude towards a genuine synthesis framework is therefore negative. But Tanghe and 

his colleagues disagreed. While Tanghe et al (2018) also recognized the “the 

multidisciplinary nature of evolutionary biology” (23), they did not “think that the future 

of biology will be characterized by the absence of a generally accepted, unifying 

evolutionary theory” (23). Given the last two opposite attitudes, in the end, it is important 

to emphasize that this disagreement in attitudes matters very little, what matters in 

evolutionary biology is the possibility of a future genuine synthesis framework, which, 

however, nobody can deny at present.  

 

 

                                                      
5 Recently some historians of biology started to question the self-claimed synthesis (Smocovitis 1992, 1994, 2005; 

Delisle 2009, 2011, 2017, 2019; Amundson 2014), from the sociologico-ideological points of view. 
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6.4 On vital evolutionism: a possible synthesis framework 

If one wants to find something in common among all evolutionary phenomena, there is 

one obvious yet often neglected option, that is, the concept of life. Very broadly speaking, 

evolutionary biology is concerned with the evolution of different living forms. As I have 

suggested in chapter 2, there always have been alternative doctrines of evolution in 

addition to Darwinism. Among them I have summarized vital evolutionism, a doctrine 

endorsed by Kant, Schelling, Green and others. Indeed, it is clear that vital evolutionism 

is a possible synthesis framework: the evolution of life proceeds in accordance with a pre-

determined system of possible species. In the following I first compare Darwinism and 

vital evolutionism (6.4.1). My claim is that Darwinism under the most charitable 

interpretation amounts to at best the healthy naturalistic counterpart of the 

transcendental philosophy applied to evolutionary biology, that is, vital evolutionism. 

Yet more often Darwinism is on the side of metaphysical naturalism. Then through 

Amundson (2005), I show why vital evolutionism is the logical consequence of his 

structuralism (6.4.2). In the end I argue that vital evolutionism might achieve a possible 

synthesis framework in the future, by imitating the periodic table of chemical elements 

(6.4.3). 

 

6.4.1 Vital evolutionism and Darwinism 

To start, it is not the case that Darwinians fail to be aware of some incomplete versions of 

vital evolutionism. As a matter of fact, to legislate Darwinism, Darwinians treat vital 

evolutionism, often unconsciously, as the whipping boy. Up till now, as I far as I can see, 

Darwinians have raised at least six criticisms of vital evolutionism, relevant to issues of 

teleology, essentialism, determinism, progress, saltationism and finally Creationism (see Mayr 

2001 for an incomplete summary). But since this thesis is about vitalism, a detailed 

treatment of all these criticisms is inappropriate here and it is better left for a future 

study on Darwinism. Thus, in this section my goal is only to briefly examine these 

criticisms. I also explain why vital evolutionism is transcendental philosophy applied to 

evolutionary biology, and Darwinism, under the most charitable interpretation, is its 

naturalistic counterpart. Yet unfortunately, it is much more common among Darwinians, 

especially when they ridicule vital evolutionism, to make unfounded metaphysical 

statements and thereby dogmatize an otherwise healthy naturalism into metaphysical 

naturalism.  

In the first place, some Darwinians claim that vital evolutionism sets up goals for 

evolution, so it is teleological in character and should be rejected. For instance, Mayr 
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claimed from the Darwinian standpoint of view that “natural selection is strictly an a 

posteriori process which rewards current success but never sets up future goals” (Mayr 

1988: 43), and therefore Darwinism is superior to “so-called orthogenetic theories widely 

held by biologists and philosophers” (42). In more general terms, according to 

Darwinians, vital evolutionism (such as orthogenetic theories of evolution) tries to 

explain the coming of a new species by making an ungrounded speculation, that is, 

biological evolution strives at this new species. Admittedly, this criticism makes perfect 

sense, if the statement from vital evolutionism is given an anthropomorphic reading. 

However, as I will suggest in chapter 8, Darwinians are certainly right that teleology with 

anthropomorphic implications is bad and should be rejected; but they fail to recognize 

that there might be legitimate teleological explanations grounded in possible laws in 

evolution. Some of these laws state the conditions which ensure the maintenance and the 

reproduction of an individual organism of the new species. Consider the following 

Darwinian translation. Assume some mutations (both genetic and organismic) take place 

in a population of individual organisms; yet these mutations will never “make” new 

organisms of a new species, unless their morphological, physiological, developmental 

conditions coincide with the conditions required by respective laws of evolution. Then 

grounded in these laws it appears adequate to suggest that evolution has a pre-

determined plan, and it is therefore not false to say that evolution sets up goals in 

advance. 6 

In the second place, some Darwinians claim that vital evolutionism relies on the 

outdated, essentialist concept of the species (typological thinking). According to 

Darwinians, vital evolutionists treat species as if they were Platonic ideas to be realized 

in evolutionary history. Now Darwinians are proud that they take species to be 

populations of individual organisms (population thinking) and are therefore free from 

Platonic metaphysics and later Christian creationism (for the contrast between 

population thinking and typological thinking, see Amundson 2014: 262, 264, 265), For 

instance, Ghiselin wrote:  

perhaps most important of all, biology has ceased to think in terms of abstract 

classes or idealized forms such as ‘the horse’ and has turned to considering the 

interactions between ‘this horse’ and ‘that horse.’ We owe this shift in emphasis 

largely to Darwin. (Ghiselin 1969: 53) 

 

                                                      
6 A historical point: the thesis of recapitulation (the parallel between embryology and evolution) was refuted by 

Von Baer (From linear to branching), and was later more decisively discredited in experimental developmental 

biology. Now it is widely agreed that the thesis of recapitulation is unsound. However, in my view, it is still 

possible to claim that evolution proceeds in accordance with a pre-determined system of species: just put every 

known species into the system in an ad hoc manner.  
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Even though Ghiselin’s use of the phrase “in emphasis” implies that population thinking 

and typological thinking do not contradict each other (like Mayr’s “certain legitimacy”, 

Mayr 1988: 313), he continued dismissing idealistic, essentialist, typological ways of 

thinking. In a recent review of Rupke’s Richard Owen: Biology without Darwin Ghiselin 

ridiculed Owen’s concept of archetype as a “Platonic idea” (2010: 260). In my view, 

however, the concept of the species in vital evolutionism is certainly idealistic, but it 

should receive a transcendental rather than Platonic reading. As I have suggested, the 

species concept does not refer to any idea in a Platonic heaven but consists of a group of 

complex laws that make individual organisms of this species possible. Seen in this way, 

the species is a universal anchored in a set of relations; the transcendental or ideal 

existence of the species (the validity of the laws) has nothing to do with the empirical or 

material existence of individual organisms belonging to the species. While population 

thinking is no doubt very rewarding, especially in population genetics, typological 

thinking does not run afoul of it. To paraphrase Driesch:  

The possibility must be admitted of the individuals being transmutable, whilst the 

“species” are not transmutable at the same time, the line of the “species” being a 

fixed order, through which the “individuals” have to pass in the course of their 

generations (Driesch 1908a: 251; similar points are also made in Amundson 1998, 

2005: 209).  

The essentialist charge best indicates that Darwinism goes close to the metaphysical 

version of naturalism in evolutionary biology. Darwinians want to affirm the reality of 

organisms but repudiate that of the species. Yet they fail to understand that organisms 

are only empirically real and must be grounded in laws of species. Clearly, they are not 

able to distinguish the empirical reality from the metaphysical reality. As I mentioned in 

Introduction, even though all organisms of the species New Zealand Raven have gone 

extinct, the species itself still “exists”, although not in the same way as individual 

organisms. The species concept contains respective laws in, for instance, genetic 

engineering and developmental biology. Only with these timeless laws, future biologists 

might be able to “resurrect” individual organisms of New Zealand Raven.   

In the third place, it is also claimed by Darwinians that the evolutionary history in vital 

evolutionism is deterministic, but evolution in the Darwinian and also the correct sense, 

is blind or is governed by chance. So in contrast to vital evolutionists, Darwinism gives 

the notion of chance considerable attention. This, unfortunately, is again a misreading of 

vital evolutionism. While vital evolutionism does make a case for determinism, in the 

sense that evolution proceeds in accordance with a pre-determined system of all possible 

species, it does not suggest that every possible species in this system will necessarily be 

realized in a concrete evolutionary history. For instance, the evolutionary history on the 

earth must be pre-determined with respect to the system of possible species, but whether 

it is deterministic in relation to physico-chemical conditions in the earth history is a 
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different matter. My own view, though I cannot argue for it here in detail, is in agreement 

with recent discussions on issues of determinism in evolutionary biology. I agree with 

Millstein (manuscript), Malaterre and Merlin (2015) and finally Kant (1998/1781: 

a643/b671) and Nagel (1960) that the issue of determinism cannot be decided by empirical 

knowledge, it is instead a regulative principle. Meanwhile, the notions of chance and drift 

in population genetics should be interpreted in accordance with the frequency view of 

probability (Reichenbach 1949; Nagel 1939), which does not contradict determinism at 

all.7  

These three issues, teleology, essentialism and determinism, are inter-connected, and 

the reason why Darwinian criticisms are unsound can be better seen through a 

comparison between the system of possible species and the periodic table of chemical 

elements. Regarding the former we claim that life has an evolutionary history, and 

regarding the latter, likewise, we say that matter (in its possible atomic structures) has 

an evolutionary history. Then first, it is adequate to say that the evolution of matter 

proceeds in accordance with goals, that is, different possible atomic structures. Second, 

it is equally fine to say that any element on the periodic table is a universal and is 

anchored onto atomic theories (essentialist, idealistic, typological thinking), and the 

transcendental existence of the element has nothing to do with the fact whether 

individual atoms of this element are empirically realized. A physicist of course studies 

“populations” of atoms (population thinking), yet this does not contradict the 

investigations into the essences of atoms (typological thinking). Third, it is almost trivial 

to observe that the evolution of matter is determined with respect to the periodic table 

because the table sets up possible atomic structures; similarly, the evolutionary history 

of matter in our universe might be chancy or not, in relation to past and existent physico-

chemical conditions. In the end, it should also be emphasized that there is a decisive 

difference, as we will discuss later in detail, between the periodic table of chemical 

elements and the system of all possible species. In the case of matter, we have atomic 

theories to determine possible atomic theories a priori; but in the case of life, we have not 

attained any such theories (which, actually, will be a system of vital laws).   

 

                                                      
7 As indicated in chapter 1 and chapter 3, Bergson’s creative evolutionism and Morgan’s emergent evolutionism 

were aligned with these Darwinians and placed emphasis on the apparently indeterministic character of 

evolution. In my view, they are all correct that in current evolutionary biology many events (e.g., the emergence 

of new biological forms) are unpredictable in advance. However, they all hypostasize or absolutize this fact, 

clearly due to the influence of metaphysical naturalism. Indeed, like Darwinism, dogmatized versions of 

emergent evolutionism are untenable, since with a meaningful principle of life we can indeed predict about 

emergent living forms (compare the periodic table of elements). Bergson’s creative evolutionism is more 

interesting, even though it suffers from the same logical confusion. like emergent evolutionists, Bergson failed 

to show that emergent forms will remain unpredictable in the future. But his novel point is that such 

unpredictability is a result of the creative nature of life. So, Bergson not only denied the possibility of any future 

principle of life, he also made a stronger claim that such principle is simply impossible due to the nature of life. 
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There are three other minor issues on which Darwinians also raise criticisms. First, 

some Darwinians claim that vital evolutionism endorses a progressive picture of 

evolution, while Darwinism does not. In my view, this is largely a verbal matter, because 

the concept of progress has not been rendered clear. There is nothing wrong with 

claiming that evolution is progressive if progress is defined in accordance with the 

evolutionary history on the earth. And this claim works for both vital evolutionism and 

Darwinism. Conversely, both vital evolutionism and Darwinism can do without the 

concept of progress if we focus on the evolutionary history.  

Second, some Darwinians state that evolution is gradual and there are many 

intermediate species between existent ones. But in contrast, vital evolutionism, such as 

the doctrine of saltationism endorsed by T. Huxley, sticks to a non-gradual account of 

evolution. Now paleontologists have found that the promise of gradual evolution has not 

been fulfilled, and molecular geneticists endorse the revision that “evolutionary (or even 

revolutionary) leaps are possible” (Koonin 2009: 474). All these are interesting and 

relevant to ongoing research in evolutionary biology, but I think that the genuine issue 

lies somewhere else. The root of the problem is that the concept of gradualness is again 

not made clear. As we have seen, some paleontologists by “gradualness” mean that the 

presence of intermediate species and the absence of these might cast doubt on the 

possibility of gradual evolution. But molecular geneticists by “gradualness” indicate that 

genetic change should operate in the mechanism of nucleotide substitution, insertion and 

deletion and now they have found genetic change is much more complex and can in no 

way be considered gradual (Koonin 2009). If one compares paleontology and molecular 

genetics, paleontologists and geneticists do not agree on the meaning of “gradualness”. 

Moreover, it does not seem necessary to define “gradualness” in evolutionary biology, 

because research phenomena, such as intermediate species and genetic changes, are 

already well characterized. Darwin originally assumed that evolution is gradual, because 

he anticipated that non-gradual change would lead to the death of the organisms. But 

from the logical point of view, this is not necessarily so. As Maynard-Smith maintained, 

one cannot “see why occasional macromutations should not have been incorporated by 

selection. The question is ultimately an empirical one” (Maynard-Smith 1982: 125). So, 

like the concept of progress, gradual evolution is only made to issue a quick dismissal of 

vital evolutionism.   

Third, today maybe the easiest way of dismissing vital evolutionism is to associate it 

with the so-called superstition of Creationism of various sorts. The currently popular 

Creationism given by Christian fundamentalists does not even accept the thesis of 

descent, so I will not spend a minute on it. But there were more nuanced forms of 

creationism in the past. In the late nineteenth century, several vital evolutionists went 

“theistic” and appealed to God to explain the system of possible species (Bowler 

1992a/1983: 44-57). Of course, theistic versions of vital evolutionism do not add anything 

new to evolutionary phenomena already known and are therefore meaningless, but they 
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are not empirically false. In a similar fashion, one can equally claim that the periodic table 

of elements itself is unexplained, and he/she might refer to God. To say that God creates 

the periodic table is not empirically false but meaningless. This version of creationism 

was articulated by Kant (1992/1763) in the eighteenth century, and is accepted by 

Webster and Goodwin (1981: 51; 1982: 23) today. In the end, I must emphasize that this 

paragraph offers no defense of Creationism; the point I want to make is just that the 

controversy between Darwinism and some fine versions of Creationism cannot be 

resolved in empirical sciences. 

In sum, all six criticisms of vital evolutionism raised by Darwinians are unsound, the 

commonality of these criticisms is that they all rely on verbal matters of little empirical 

relevance. Moreover, there is a strong tendency among Darwinians to turn these verbal 

matters into metaphysical criteria, through which they can issue easy dismissals of vital 

evolutionism. But in doing so, they have committed logical mistakes typical in 

metaphysical naturalism. The first is that they get into unending polemics against 

Creationists, but they fail to understand that empirical sciences cannot resolve the 

Ontological question of God. The second is that they talk about evolution as part of a 

metaphysical reality consisting of Kantian things in themselves. Without making 

concepts clear, they dismiss vital evolutionism, by speaking as if evolution were 

intrinsically anti-teleological, anti-essentialist, chancy or non-deterministic, non-

progressive, and gradual. 

In the end, as already alluded above, I want to anticipate some reactions from 

Darwinians towards my logical analysis. One might be that my analysis is dismissed 

immediately for that it presupposes an impoverished conception of Darwinism. As 

alluded above, some evolutionary biologists, like Maynard-Smith, would clearly repudiate 

that Darwinian evolution must be gradual. Maynard-Smith went even further in a 

different occasion. When Goodwin presented his rational morphology project, which was 

inspired by vital evolutionism, Maynard-Smith replied as follows: “the ultimate 

achievements of rational morphology turn out to be a triumph for Darwinism” (1982b: 

49). Similarly, Dawkins replied in a similar spirit: “But Goodwin…is wrong to think that 

his views are in any way anti-Darwinian” (Goodwin and Dawkins 1995: 56). I am amused 

by these two replies. No matter how Darwinians dismissed rational morphology in the 

past, Maynard-Smith and Dawkins, both as working biologists, were generous enough to 

re-accept rational morphology, and thereby essentialism and determinism. Ye in doing 

so, their definitions of Darwinism must expand in an unprecedent way, that is, take in 

exactly its anti-thesis. In the words of Depew and Weber (1995), Darwinism has been 

always evolving, and it has expanded to covering all its anti-theses. For this expansion, in 

my view, Maynard-Smith and Dawkins simply equate Darwinism with evolutionary 

biology; for them, any achievement in evolutionary biology must turn out to be an 

achievement of the Darwinian tradition, simply by definition. Well, I do not find this 

logically unacceptable, and one can, in principle, claim that vital evolutionism is equal to 
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Darwinism. However, I do want to point out that another evolutionary biologist, Robert 

Reid, was furious with such definitional tricks, and he complained that “it is not easy to 

say so without the irritated tone of voice…because the success of the Darwinian tradition 

has not depended on logic or evidence, but on sophistry, polemic, authoritarianism, me-

tooism, and, worst of all, indifference” (2007: 421).  

6.4.2 From structuralism to vital evolutionism 

As I alluded in 6.3, sometimes the extended synthesis brands itself as raising a 

structuralist challenge towards Darwinism, which is defined as the classical genetic 

mutation-selection framework. Of course, Darwinians will not accept this definition and 

will contend that their framework already contain structuralist concerns. We are not 

going to enter this senseless definitional dispute; but I do want to point out that both 

Darwinism (as defined by structuralists) and structuralism share a common standpoint, 

that is, evolutionary naturalism. Now in this section I want to suggest that, even though 

vital evolutionism is empirically equivalent to naturalistic doctrines of evolution (this 

echoes Husserl’s insight that in relation to the contents of empirical sciences, the 

phenomenological attitude is equivalent to a healthy naturalistic attitude), vital 

evolutionism, if clearly stated, is able to help remove more conceptual confusions in 

evolutionary biology. 

In 2005, Ron Amundson published his the Changing Role of the Embryo in Evolutionary 

Thought. In this excellent monograph Amundson articulated a structuralist doctrine of 

evolution in a very lucid manner. For Amundson, structuralist concerns have always been 

present in the history of evolutionary thought, both before and after Darwin. Indeed, in 

the historical Part of his book, Amundson considered structuralist views (the Unity of 

type) against Darwinian adaptationism (the Condition of existence) in the nineteenth 

century in detail. In this following I want to show that Amundson’s structuralist doctrine 

is a very subtle version of evolutionary naturalism and that in order to overcome 

skepticism within, it needs to “evolve” to vital evolutionism. Now let us consider 

Amundson’s structuralism in detail.  

In part II Amundson offered an acute analysis of the structuralist challenge towards 

Darwinian adaptationism, mainly from developmental biology. After an equally brilliant 

overview of structuralist reactions to the so-called modern synthesis (139-212), 

Amundson went on to offer his account of the structuralist challenge. In this examination 

Amundson started by taking great interest in “uses of dichotomies” (201). As he noticed, 

motivated by Mendelian genetics there was first the “cleavage between heredity and 

development” (148). Then in “the embryological critique of the synthesis”, 

developmental biologists emphasized the relevance of development to evolution by 

devising the distinction of “fundamental [developmental] versus superficial [Mendelian 



 

230 

genetic] characters” (180), and the distinction of “cytoplasmic inheritance versus 

Darwinian extrapolation” (185). In response, synthesis biologists also advanced four 

dichotomies to understand the role of development in evolution, and these were “the 

Germ Line-Soma dichotomy” (218), “the population thinking-typological thinking 

dichotomy” (204), “the proximate-ultimate dichotomy” (203), and finally “the genotype-

phenotype dichotomy” (222).  

Amundson treated these dichotomies with great care. According to Amundson, these 

dichotomies arise, ultimately, out of two different “ontologies” maintained by Neo-

Darwinian adaptationists and Evo-Devo structuralists. In the adaptationist “ontology”, 

the focus is on populational diversity allegedly caused by gene change, and natural 

selection operates on such diversities; in the structuralist “ontology”, the focus is on 

developmental commonality or developmental type, and ontogenies determines such 

types. Amundson put the “ontological” contrast as follows: 

Adaptationist: individuals don’t evolve. Populations do. Species are effects of the 

evolution of populations.  

Structuralist: individuals do not evolve. Ontogenies do. Characters are effects of the 

evolution of ontogenies. (249) 

To help the reader better comprehend this dichotomy, Amundson first compared “the 

historical concept of homology” in the Neo-Darwinian tradition and “the developmental 

concept of homology” in evo-devo (238-244). Next, he offered two empirical studies, from 

Günter Wagner (2000), to help illuminate the two ontologies. According to Amundson, 

adaptationism makes great success in explaining the evolutionary maintenance of stable 

1:1 sex ratios in many different sextually reproducing species. In this case merely 

“transmission-genetic identifications” (246) of genes work well, and “ecological 

circumstances and ontogenetic mechanisms of sex determination” only provide 

background conditions. In Amundson’s words, “the developmental basis of sex 

determination varies among organisms, but the ‘genes for’ sex determination are subject 

to the same selective regime whatever their particular nature happens to be” (246). In 

consequence, structuralism appears to play no role here. In contrast, the evolutionary 

innovation of eyespot patterns on butterfly wings must invoke structuralist explanations. 

Here adaptationism is quite impotent. In this case, at least according to research evo-devo 

biologists, “the origin of eyespots is attributed to a modification of the developmental 

genetic system” (245). In other words, genes do not change, but “gene interactions” (245), 

“the developmental role of genes” (246), and finally “the ontogenetic production of 

patterns” (246) change. Yet on all these, adaptationism to Amundson appears irrelevant.   

So far so good. Then surprisingly Amundson went to argue that these two ontologies 

are incompatible (“a real cognitive clash”, 234; “the incommensurability”, 238, 244, 249). 

Amundson rejected the suggestion that “population-genetic and developmental-genetic 

evolutionary explanations merely pertain to ‘different levels’ of the evolutionary 
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discussion” (256), and he maintained that “the problem is larger than” (256) that. 

Amundson’s reasoning goes as follows. Since in adaptationism evolution mainly works 

through the operation of natural selection on variation (diversity), developmental type 

seems useless. In Amundson’s words, “the causation of nonvarying traits is of no 

theoretical consequence” (228). Yet in structuralism evolution identifies the modification 

of ontogeny, and at least in some cases (e.g., the origin of eyespots) gene changes in the 

adaptationist sense are absent. According to Amundson, “developmental types are real 

even though they evolve” (235).  

Consequently, Amundson saw a real conflict between adaptationism and 

structuralism, and he put it as follows: 

The central mechanism of adaptive evolution is natural selection within breeding 

populations. The central mechanism of the evolution of organic form is the 

modification of ontogenies. Neither mechanism answers the question that the 

other mechanism was designed to answer. Modification of ontogeny explains 

neither why the derived ontogeny occurred at the time it did nor why it was 

reproductively successful. Natural selection does not explain the organic form of 

either the primitive or the derived organism. Two mechanisms, two jobs. (254) 

Facing this apparent conflict, Amundson further considered the possibility of a future 

reconciliation. He saw the major obstacle of a reconciliation in a version of population 

thinking, that is, “exclusive population thinking” (256). According to Amundson, it views 

“adaptive radiation” (256) as “the [only] way of evolution” (256). Further, it maintains 

that “once speciation occurs, no causal force [no developmental type] can unify distinct 

populations” (256), and even if one developmental type is shared among these 

populations, it cannot be shaped by natural selection since it concerns commonality 

rather than diversity. In all, development “is irrelevant to evolution” (256). Then, as 

Amundson further maintained, to reconcile adaptationism with structuralism and to 

pursue a “newer synthesis” (250), one possibility is “to weaken the exclusivity of 

population thinking and so allow the use of developmental types” (256), and the other is 

just to abandon typology and then go for exclusive population thinking. Amundson 

concluded that such a reconciliation is not possible today.  

In my view, unlike most authors who only presented a few phenomena and then 

labelled them as examples of structuralism, Amundson went deep into genuine 

theoretical issues. Overall, I accept Amundson’s general structuralist concerns. However, 

Amundson also valued adaptationism. In the end, he aimed at a reconciliation and a 

newer synthesis between adaptationism and structuralism, because in his mind these two 

have incompatible ontologies. I disagree with this judgment. 

In the first place, Amundson’s assessment of adaptationism is overly generous. This 

generosity comes out of two sorts. First, As I have suggested in 6.2, while adaptationism 

and population thinking are presented as constituting a research program with natural 
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selection as its fundamental principle, this largely comes out of an equivocation of the 

term “natural selection”. Meanwhile, adaptationism and population thinking often deal 

with evolutionary phenomena, in which “evolution” means gene/trait frequency change. 

While again, these phenomena are of course interesting, I doubt that they are able to 

generate a non-trivial research program. Second, even in these phenomena, 

structuralism and typological thinking are not missing. This has been shown, I believe, by 

Amundson himself. In his excellent exposition of the first two critiques of the modern 

synthesis from developmental biologists, Amundson advanced “the causal completeness 

principle” (175) and “the developmental paradox” (177). The point common to the two 

critiques is that gene change alone is, in principle, unable to make full sense of organismic 

change, because ontogenies and developmental processes must also be taken into 

account. In Amundson’s words, “although genes are important aspects of the 

developmental processes, they are not the processes themselves” (247). This point 

implies that the so-called population thinking can never be genuinely exclusive to the 

extent that typological thinking should be abandoned. Since gene change alone fails to 

fully explain organismic change, in population thinking gene diversity can never fully 

address organismic diversity. As a result, organismic diversity within the population 

necessarily presupposes, to paraphrase Amundson, modification of ontogenies, no matter 

how small it is. Consider the sex ratio example. To me Amundson’s interpretation is 

potentially misleading. He was right that “ecological circumstances and ontogenetic 

mechanisms of sex determination” only provide background conditions, but proper 

background conditions are essential to proper function of sextual determination. In 

consequence, these conditions are not irrelevant to natural selection and therefore 

cannot be dispensed with. Rather, for instance, the evolutionary maintenance of sex ratio 

1:1 presupposes them, and improper conditions will disrupt this particular ratio. As a 

result, from the logical point of view, exclusive population thinking in this case is just 

impossible, population thinking can never exclude typological thinking. The logical space 

is always open to typological thinking, and of course, structuralism in evolutionary 

biology.8 

In the second place, Amundson underestimated the force of structuralism, shown 

especially in his use of the concept of developmental type. Amundson apparently took 

developmental type to indicate empirically existent common traits, when he wrote that 

“developmental types… are identified by hierarchically structured developmental 

similarities among individual organisms” (232). This definition shows the limitation of 

 

                                                      
8 Similarly, one can also argue that structuralism and typological thinking also welcomes adaptationism and 

population thinking. The latter two could be concerned, in a trivial sense, not merely with genes. It is a truism 

that some new ontogenies (in a large population) might possess some adaptive advantage, even though they 

might only arise out of “a modification of the developmental genetic system” (Amundson 2005: 245). 
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Amundson’s empiricist-naturalist commitment.9 Amundson viewed structural evolution 

as evolution of ontogenies. He was of course right that from the naturalistic point of view, 

new ontogenies arose along with new species. However, the new ontogeny 2 cannot be 

viewed as solely coming from the original ontogeny 1, which has at best offered initial 

conditions for structural evolution. What are central should be laws indicating the 

possibility of ontogeny modification. It is also on this point that the doctrine of vital 

evolutionism achieves a higher degree of conceptual clarity. In vital evolutionism, 

developmental type is not to be conceived of through commonality among individual 

traits, as Amundson did; instead, it is a concept whose meaning needs to be constituted 

through ideal laws. In vital evolutionism, it is important to distinguish between ontogeny 

as an individual and ontogeny as a universal. Now re-consider the empirical event of 

ontogeny modification: given ontogeny 1 (as an individual), if certain gene interaction 

changes (and many other changes, of course) are present, then ontogeny 2 (as an 

individual) comes out. In vital evolutionism, this is an ideal law that connects the 

ontogeny 1 as a universal and the ontogeny 2 as a universal. The validity of this law is 

timeless, and it is a completely irrelevant issue whether ontogeny individuals are actually 

 

                                                      
9 By the way, this limitation is also detectable in several recent solutions to the species problem. For instance, 

Boyd (1999)’s “homeostatic property cluster” approach requested similar properties and mechanisms to 

identify species, and was criticized by Ereshefsky and Matthen (2005) for being unable to account for variation. 

The latter contended further that their “population structure theory” approach, for its emphsis on historical 

populations, can achieve that. But from the standpoint of transcendental philosophy, the “population structure 

theory” approach does not contradict and is actually implied by the essentialist concept of species, since the 

essence transcendentally understood only sets up an ideal standard and further (perhaps historical) 

explanations are requested to explain deviations (or variations) from the standard. This finally takes us to 

Michael Devitt (2010, 2018)’s latest position of partly historical essentialism, after his brave challenge of anti-

essentialism in biology. Indeed, Devitt very much reached the point shared by vital evolutionists like Kant, 

Schelling, Green and Driesch. He had a brilliant formulation which should remind us of Driesch’s remark (“the 

individuals being transmutable, whilst the “species” are not transmutable”, Driesch 1908a: 251): “the history 

relevant to the essence of a taxon is of organisms of a certain intrinsic kind evolving into organisms of a certain 

other intrinsic kind, until we reach the taxon in question” (Devitt 2018: 1). He also had another one which takes 

us to Kant (“...ultimately he must attribute to this universal mother an organization purposively aimed at all 

these creatures...”, Kant 2000/1790: 5: 419-420): “T evolved from T* with a certain different intrinsic underlying 

property, Q, which evolved from T** with a certain other different intrinsic underlying property, R, which 

evolved…and so on back to the beginning of the tree of life” (Devitt 2018: 6). However, Devitt still accepted a 

position termed “partly historical essentialism’, which continues defining historical (geneaological or 

evolutionary) details into the concept of species: “For objects to be polar bears, they must have a certain history 

and that history brought it about that these objects have the phenotype properties that they have” (2018: 3).  

Unfortunately, this should be considered unsatisfactory, from the standpoint of transcendental philosophy. As 

also much emphasized in the whole thesis, a species as a universal (essence) is timeless and is therefore 

impossible to be historical; but an organism of the species, as an individual, must have a history. To use Devitt’s 

example, for objects to be polar bears, they only need certain phenotype properties and perhaps some others 

(but judged through ideal laws!). This is a logical point, which is irrelevant to the history of these objects and how 

they acquire relevant phenotype properties. 
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present or not. It follows that, as a main lesson of this thesis, the system of all ontogeny 

universals ontogenies are already constituted in the transcendental ego. In contrast, 

Amundson’s concept of developmental type fails to achieve full clarity. He was quite right 

that individual ontogenies do evolve in the naturalistic scenario; but he appeared to miss 

the point that the possibilities of ontogeny modifications must all be found in the 

transcendental ego as timeless ideal laws (but Amundson touched on this point once 

when he wrote, “perhaps essentialism and typology are merely placeholders for 

evolutionary mechanisms...”, 238). 

Finally, I want to briefly show how vital evolutionism renders the so-called 

adaptationist (population thinking) research program into a proper place, by stripping 

its mystic auras. The idea is simple. Viewed as a natural process, Darwinian evolution 

starts from heritable variation, whose possibilities must be grounded in laws mentioned 

above. Then different cases of natural selection “operating on” heritable variation and 

finally “picking up” adaptive traits are so common-sensical, even though they might be 

modelled through complex mathematical equations. This concludes the present section, 

and now we move to see how vital evolutionism might be able to yield a synthesis 

framework in the future.  

 

6.4.3 Vital evolutionism as a possible synthesis framework 

I have suggested that the structuralist challenge to Darwinism (as part of the extended 

synthesis framework) and Darwinism both belong to a broader tradition which could be 

labelled as evolutionary naturalism. Of course, Darwinians might want to monopolize this 

label, but we need not get into this useless definitional dispute. Regarding empirical facts 

about individuals in evolution, from the naturalistic point of view, there is no difference 

between vital evolutionism and evolutionary naturalism. The potential difference is only 

seen by attending to universals in the transcendental realm. Again, evolutionary 

naturalism (including both Darwinism and its structuralist challenge) represents the 

naturalistic attitude, and vital evolutionism the phenomenological attitude. 

Another strange fact is that in evolutionary biology there have always been doctrines 

which are presented as synthesis frameworks, such as the so-called principle of natural 

selection, adaptationism, Darwinism, modern evolutionary synthesis, and the extended 

evolutionary synthesis. But I have argued that no such framework exists, unless by sheer 

definition. However, the enthusiasm for synthesis is interesting enough. Now I want to 

argue that vital evolutionism, although only potentially, offers a genuine synthesis 

framework for evolutionary biology. 

The potential synthesis framework starts from an all-too-obvious fact: evolutionary 

biology is concerned with evolution of life. In most cases, entities and structures 
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(excluding sub-cellular stuffs, like DNA and protein) studied in evolutionary biology are 

predicatable of life, and for this we name them biological entities and structures. Indeed, 

life can be identified as their common trait, so obvious but also profound! As we have seen 

in chapter 2, in Kant’s critical philosophy sometimes he termed life as the principle of 

purpose, and by reason he deduced that evolution should be governed by the principle of 

life or purpose: 

The organized creatures form on earth a whole according to purposes which [can 

be thought] a priori, as sprung from a single seed (like an incubated egg), with 

mutual need for one another, preserving its species and the species that are born 

from it. Also, revolutions of nature which brought forth new species (of which man 

is one). (Kant 1993/1936: 22: 241). 

Schelling wrote in a similar spirit: 

The originally infinite series, of which every individual series in mathematics is an 

imitation, does not arise through aggregation, but through evolution, through 

evolution of a magnitude already infinite in its point of origination which runs through 

the entire series. The whole infinity is originally concentrated in this one 

magnitude. The succession in the series signifies only, as it were, the individual 

inhibitions which continually set bounds to the expansion of that magnitude into an 

infinite series (an infinite space), and which moreover happens with an infinite 

velocity and would permit no real intuition…The genuine concept of an empirical 

infinity is the concept of an activity that is infinitely inhibited. But how could it be 

inhibited to infinity if it did not flow into infinity and if it did not deposit its whole 

infinity in every individual point of the line that it describes? (Schelling 2004/1799: 

16)  

For the sake of simplicity, we use the mathematical concept of the sequence to clarify 

Schelling’s central insight. In Schelling’s mind, the world of nature is a series of things 

(including biological species), and this series is correlated with a sequence of numbers (or 

more precisely, sets whose elements constitute a certain proportion). In nature biological 

organizations are no exceptions. The whole series of biological organizations could be 

picked out, and it shows the whole evolutionary history from the simplest cells to human 

beings. Moreover, the series of biological organizations must also correspond to a 

sequence of numbers. In the Schelling solution, this sequence of numbers, with their 

correspondent organisms, constitute exactly the principle of life. Let me illustrate the 

principle of life in the Schelling solution with the mathematical sequence lim
𝑛→∞

(1 −

(1/2)n) : a1, a2, a3, ...an.... Here each an represents a particular species. Then with this 

sequence, the problem of biological organization is solved, because all species share the 

form (1 − (1/2)n); the problem of the direction of evolution is also settled, since the 

precise evolutionary route is determined from 1 to ∞ (indeed, Green termed lim
𝑛→∞

(1 −
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(1/2)n) the point of divine humanity). It is easy to see that this naïve Schelling solution 

offers a genuine synthesis of evolutionary biology, at least from the logical point of view. 

In the modern synthesis, as we have seen, evolutionary biologists implicitly presuppose 

that biological organizations are mere physico-chemical organizations, and this 

presupposition is certainly unproblematic, since we have not found specific laws unique 

to biological organizations. However, in the Schelling solution, biological organizations 

are special because each corresponds to a definite number, and biological evolution is also 

special, because it is represented by a definite sequence of numbers. Further, needless to 

say, the Schelling solution, with such a sequence of numbers and therefore the principle 

of life in hand, is also able to produce a few bold predictions (e.g., unknown species, 

similar to unknown elements). 

The modern representative of vital evolutionism is the mathematician and theoretical 

biologist Brian Goodwin. Historically speaking, as Goodwin himself understood well 

(1982: 45), his approach to pursue a synthesis framework in evolutionary biology revived 

the tradition of Naturphilosophie, idealist biology, rational morphology, or structuralism, 

whatever it is called (Thompson 1916; Gould 1977: 35-9; Webster and Goodwin 1982; 

Amundson 1998, 2002). Starting in the 1970s, Goodwin in numerous articles tried to 

outline a new paradigm for evolutionary biology. He started by criticizing contemporary 

evolutionary biology: 

It has only informed guesses at an historical taxonomy, a genealogy of species. And 

it does not have a theory of temporary asymmetry of organismic transformation: 

there is no principle of directed or preferred evolutionary change. As might be 

expected of a historical description, there is only an a posteriori principle of 

stability of historically given forms (survival of the fitter organisms). Thus biology 

does not have a theory of how organisms are generated, nor of the principles of 

their organization, nor of their transformations; i.e. it does not have a theory of the 

origin of species, either ontogenetic or phylogenetic. (1982: 45) 

Goodwin thought that he would provide such generative principles of biological 

organization, which would as a whole form a “research programme” about “biological 

field theory” (49). After a few examples Goodwin envisaged what his theory would be like: 

Developing organisms [fields] emerge from the above analysis as entities with an 

extensive range of morphological potential, describable in terms of probabilistic 

fields which collapse sooner (mosaic development) or later (regulative 

development) into specific morphologies reflecting the particular conditions, 

internal and external, which act upon them. All organisms then become, within 

such a framework, members of an equivalence class under the full range of field 

transformations, and a taxonomy of biological forms could arise from a hierarchical 

ordering of the transformations by constructing more restrictive equivalence 

classes within the full set. This would be the time-independent or logical 

classification of organisms after which rational morphology aspired. (52) 
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  The goal of this ambitious program can be summarized in his analogy between the 

system of possible biological organizations and the periodic table of elements: “(we need) 

a theory of organismic form analogous to the theory of atomic structure” that is, “the 

universal laws or constraints which define what is possible” (1982: 45). He further wrote: 

The rational taxonomy which could emerge from a logical classification of these 

forms would be quite independent of the actual historical sequence of appearance 

of species, genera and phyla, just as the periodic table of the elements is 

independent of their historical appearance, and is compatible with a great variety 

of possible sequences. (1982: 51)  

In Goodwin’s program, each possible biological organization is a dynamic whole governed 

by its own unique (morphogenetic) field equations. Then, all these unique field equations 

are further unified into a common scheme. For a crude understanding of the relation 

between these field equations and the common scheme, recall the previous 

interpretation of Schelling’s doctrine of evolution with the concept of mathematical 

sequence. Each number in lim
𝑛→∞

(1 − (1/2)n) represents a possible biological organization, 

and the sequence is just the scheme. A more realistic analogy is of course the periodic 

table of elements. In this table, each element is shown to have its own atomic structure, 

governed by a unique set of atomic principles in physics (about the number of protons, 

the number of electrons, electronic configuration, etc); and then all these atomic 

principles can be unified into a common scheme. As a result, the concept of atomic 

structure, for its both unity and variety, are predicatable of individual atoms.  

Then the next question is whether a similar rational taxonomy, centered around the 

concept of life, can be found in evolutionary biology. For sure, I see nothing wrong in this 

ambitious program if it is presented as a goal to realize. But now we simply do not have 

any principle of life. And if a philosopher focuses on logical analysis, he/she should be 

free from telling biologists whether to pursue this program or not. Personally I do not 

think that it is advisable, but I find it difficult to deny its logical possibility.  

However, a logically more interesting point is that the only meaningful synthesis 

framework in evolutionary biology should be a fulfilled version of Goodwin’s program. In 

that case, the synthesis framework would not be a result of arbitrary definitions. 

Similarly, the “vital” part of vital evolutionism would also become meaningful. As known 

to physicists, the predicate of atomic structure is meaningful, since it indicates a set of 

principles useful for further investigations; yet in current biology the predicate of life can 

serve no such purposes. 

By the way, seen from the difficulty of realizing Goodwin’s program, it becomes easier 

to appreciate the insight from Bergson’s creative evolutionism, Morgan’s emergent 

evolutionism and the evolutionary contingency thesis endorsed by some Darwinians (see 

chapter 3). In a nutshell, all of them deny even the possibility of Goodwin’s program in 

their emphasis on the “creative”, “emergent” or “contingent” side of evolution. But as I 
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have suggested, such a denial does not contradict any known facts about biological 

evolution; it is only logically invalid, for the single reason that no one knows what future 

biology will be like.  

 

6.5 Concluding remarks 

If we return to chapter 1, it is easy to notice that Driesch’s “systematics of entelechies” 

clearly echoes the spirit of Goodwin’s rational morphology. Further, Goodwin’s request 

for field equations for every possible biological organization reminds us of Driesch’s vital 

laws governing different entelechies. In our terminology, the principle of life should then 

be identified as a system of vital laws (refer to the tautology point in chapter 3). This is 

exactly how Driesch anticipated the central logical problem about these so-called 

synthesis frameworks in evolutionary biology. His insight is certainly worthy of 

Goodwin’s admiration (Goodwin 1982: 47). 

However, in current evolutionary biology such a synthesis framework is obviously 

lacking, and a meaningful principle of life is unavailable. As I have suggested, a successful 

vital evolutionism could yield such a principle of life and help make a genuine and strong synthesis 

theory of evolution. However, doctrines (e.g., natural selection) and frameworks (e.g., classical and 

extended synthesis frameworks) that have been offered, at best amount to a very weak and only 

nominal synthesis. To speak less charitably, as a matter of fact, this situation leads to 

terrible conceptual confusions. These confusions can be clarified as follows. Numerous 

doctrines and frameworks have been boasted to synthetize evolutionary biology and 

solve the general problem of evolution of life; yet under a closer analysis they all fail to 

offer any meaningful synthesis principle; then for legislating purposes they either return 

to truisms (e.g., natural selection), or identify themselves as meta-theoretical programs 

or frameworks of indefinite contents (e.g., classical and extended synthesis frameworks). 

Yet unfortunately, no one is able to show that these rich contents studied in evolutionary 

biology can yield a genuine synthesis framework relevant to the concept of life: the 

statement “A is alive” and the statement “A did evolve, is evolving and will evolve” have 

no clear logical connections. The proposal of so many “synthesis” doctrines and 

frameworks to me only ironically demonstrates that evolutionary biology suffers from 

conceptual confusions caused by vitalistic concerns over life. In brief, we might say that 

these confusions indicate a desperate longing for a successful vital evolutionism with a system 

of vital laws. 
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Chapter 7  

Theory 

7.1 Introduction 

In previous chapters we have seen that doctrines in biology and philosophy of biology, 

such as anti-reductionism, organicism and evolution, have claimed to capture the 

uniqueness of life. But all of them fail to do so, strictly speaking. Now in this chapter we 

examine a few theories or theoretical proposals in biology, since they also claim to 

address the uniqueness of life. However, as I will argue, the situation does not change and 

their promise is not delivered as well. In this chapter I also bring forth the distinction 

between “objects predicatable of life” and “life itself” in a more precise way. With this 

distinction I suggest that concrete theories, that is, theories devoted to concrete themes 

in biology, amount at best to knowledge about the former (7.2), and that more general 

theoretical proposals are intended to have knowledge about the latter (7.3). Yet, in 

current biology these general proposals remain at best speculative with little empirical 

support; therefore, the uniqueness of life has not been addressed at all. In the end, I also 

show how some “theorists” use catchwords borrowed from other sciences (e.g., entropy) 

to talk about the nature of life in a confusing way, by again shifting between different 

meanings of the same term (7.4). 

7.2 Concrete theories 

In this section, I use two exemplary themes, bacterial chemotaxis and morphogenesis, to 

illustrate how concrete theories work in (mathematical) theoretical biology. For other 

interesting themes one should refer to biology textbooks and journals. In general, a 
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biologist rather than a logical analyst is to be consulted. By the way, I deliberately avoid 

any engagement with themes relevant to animal behaviors (fireflies, ants, bees, termites 

and wasps, etc), in which proto-minds or even minds might be involved. The cases of 

animal behaviors are more controversial, and it is difficult to decide how many mindlike 

elements are involved. 

Bacterial chemotaxis is a classical theme in biology. Chemotaxis indicates phenomena 

of bacteria motion in response to chemical stimulants, both attractants and repellents. In 

the twentieth century, the pioneer work was first done by Julius Adler (1966, 1969, 1975). 

But according to Adler, physiologists in the late nineteenth century had already 

contributed some basic observational reports (1966: 715). Since Adler, knowledge about 

bacterial chemotaxis has grown enormously. According to a recent review (Wong-Ng et 

al 2018), biologists have now obtained quite a few details about its molecular pathway. 

The molecular pathway consists of two modules, one for signal transduction, and the 

other for adaptation. The signal transduction module (methyl-accepting chemotaxis 

proteins) is responsible for detecting and amplifying environmental conditions, and the 

adaptation module resets the bacterial activity accordingly (Porter et al 2011; Sourjik and 

Wingreen 2012; Collin and Sourjik 2017) 

I have done a brief survey, and I have found research articles on the “two-state model” 

in which the receptor complex is assumed to have two functional (active and inactive) 

states (Asakura and Honda 1984; Parkinson 1993; Barkai and Leibler 1997), “response 

rescaling” (Lazova et al 2011) or “strategies” (Celani and Vergassola 2009), “behavioral 

variability” (Emonet and Cluzel 2008), and many others. These sub-themes are also very 

interesting and a biologist may only be able to focus on one in certain period of his career. 

So, I do not think it possible for a logical analyst to grasp all the details. What is common 

in philosophy of science today is to use some scientific results to prove a philosophical 

thesis (for instance, behavioral variability of bacterial response to chemical stimulants 

justifies pluralism and anti-reductionism). But as a logical analyst, I shall refrain from 

doing that. 

In addition to these experimental studies which often focus on molecular and 

functional details, theoretical biologists, impressed by the robustness of the bacterial 

sensory network, have also advanced biological theories (written in mathematics) to 

understand bacterial chemotaxis. To be honest, these only constitute a minor tradition. 

These models date back to the pioneer article Keller and Segel (1971). Since then the KS 

model has been extended and enriched from various directions, and more factors have 

entered more complex models. This creates a tension between the theoretical approach 

and the experimental approach. Mathematical models focus on formulas and theorems; 

experimental studies attend to particular receptors, kinases, pathways, mechanisms, and 

functions. My impression is that experimental biologists pay little attention to 

mathematical models. Very recently, in a review article the authors complained that “the 

KS description is biologically not quite satisfactory” (Wong-Ng et al 2018: 19). 
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The tension between the theoretical approach and the experimental approach also 

exists in morphogenesis, a theme in developmental biology and more recently 

evolutionary developmental biology. Since morphogenesis is a bigger theme, it is 

impossible to report recent progress. Yet equally for the robust nature of morphogenetic 

processes, theoretical biologists have advanced mathematical models. One pioneering 

article comes from the great Alan Turing (1952). Personally I find Turing’s article 

illuminating, with clear definitions (“cells are idealized into geometrical points”, “the 

matter of the organism is imagined as continuously distributed”, 5) and extraordinary 

honesty (“it must be admitted that the biological examples which it has been possible to 

give in the present paper are very limited, 72). Contemporary to Turing there were also 

mathematical biophysicists like Nicolas Rashevsky, who aimed to give foundational 

principles for biology written in mathematical language (Keller 2002:11-112). However, 

Rashevsky is generally ignored by mainstream biologists who, if they happen to know his 

work, label him as a charlatan in biological sciences (Shmailov 2016: 6).  

The fate of Rashevsky anticipates the isolation of theoretical biology from other far 

more experimentally oriented biological disciplines. In current biology we cannot 

overestimate the influence of mathematical models. Most biologists do not care; Nobel 

Prizes in bio-medicine have never been awarded to mathematical models in biology; 

announced biological breakthroughs in the last ten years are irrelevant to mathematical 

models. It seems fair to claim that mainstream biologists have remained skeptical or 

entirely indifferent to mathematical models from theoretical biology. From their 

standpoint, biology often has to deal with multifactorial systems, which are too complex 

to receive precise mathematical treatments.  

Of course, this is not an entirely convincing argument, since one can refer to once 

“complex” systems in physics were finally conquered by elegant mathematical principles. 

However, mainstream biologists are at least correct in pointing out that major 

achievements in biological sciences are not relevant to mathematical models. To 

emphasize, I must state that by making the these remarks, I have no intention of 

dismissing mathematical models in biology, I am merely following mainstream biologists 

and pointing out the weakness of mathematical models in biology, that is, the lack of 

empirical support. Moreover, these remarks, needless to say, will be outdated and 

seriously wrong if some mathematical models find solid empirical basis in future biology. 

I am more than happy to see their empirical success. 

Indeed, my logical analysis wants to focus on a different matter. In biology there are 

theories devoted to quite diverse themes, and all of them claim to somehow make sense 

of life. Yet from the logical point of view, it is difficult to see how they are relevant to the 

concept of life. To understand this point, it is important to note that these theories only 
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yield knowledge about objects predictable of life, and that they have not so far been about 

the life predicate itself.1  

Thinking of the following analogy. Assume that, at certain place a few objects in 

classical mechanics are all black (predicatable of blackness), then it appears that 

phenomena of motion governed by Newton’s theory co-exist with the phenomenon of 

blackness. However, Newton’s theory of motion has no relation to the fact that these 

objects are black. Similarly, in biology the logical status of life might (not must!) be just 

similar to that of blackness in the previous example. The concept of life does not play a 

real role in theories devoted to concrete themes in biology, strictly speaking. These 

theories are of course important in themselves, but the claim that these theories are 

devoted to the study of the nature of life is very questionable, since it has not been shown 

that they are relevant to the concept of life.  

7.3 General proposals 

In chapter 6 on evolution I have briefly considered Goodwin’s synthesis proposals for 

evolutionary biology. Given his explicit request of a theoretical presentation of the 

system of species similar to that of the periodic table of elements, in my view, Goodwin is 

the clearest thinker on general theoretical proposals. According to Goodwin, each 

possible biological organization is governed and therefore identified by a set of field 

equations, and all possible biological organizations will be presented a priori in the 

system. Recall also Driesch’s “systematics of entelechies”, as I alluded in chapter 6, it 

appears not at all a coincidence that Goodwin is also a great admirer of the vitalist Driesch 

(also see Arnosti and Ay 2012)! 2 

Indeed, Goodwin’s general proposal is one of a few endeavors to pursue a universal 

theory of life. The possibility of such a theory was already mentioned by Kant, who at the 

end of the eighteenth century expressed this theoretical ambition clearly: “the organized 

creatures form on earth a whole according to purposes which [can be thought] a priori” 

(Kant 1993/1936, 22: 241). But Kant was cautious, and he did not envisage that such a 

 

                                                      
1  On this issue the physicist and biochemist Ben-Naim (manuscript) made a fine distinction. While 

acknowledging that “there are many aspects of life which are now well-understood” (281), he still stressed that 

“there is a fundamental difference between describing some characteristics of life and describing life itself” 

(281). The former “life” in the last sentence indicates objects predicatable of life, the latter points to the life 

predicate itself. 
2 It should be noted that a similar, but thermodynamic interpretation of Bergson’s Élan vital (based on chapter 3 

of Creative Evolution) can be attempted (DiFrisco 2015).  
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universal theory could ever be possible. But unlike Kant, later philosophers of nature and 

biologists aimed to substantialize Kant’s a priori system of species, although without clear 

empirical success. Oken was an especially interesting theorist for his linking the system 

of species to “a new universal mathesis” (Reill 2005: 203). In the early twentieth century, 

contemporary to Driesch, general proposals for a universal theory of life were associated 

with names like Thompson, Waddington, Woodger and Bertalanffy. As I have suggested 

in chapter 5, Bertalanffy was famous for his open systems theory, which was intended to 

deal with biological organizations in general. However, as even Bertalanffy himself noted, 

no general laws for the concept of the open system were ever available. Without such 

laws, Bertalanffy’s open systems theory is no better than Driesch’s vitalism, which is 

equally untenable for the lack of vital laws. Finally and very interestingly, the German 

physicist Bavink, resonating with the nineteenth-century Oken, called for a new 

mathematics he termed “the Gestalt mathematics” (1934: 115) to account for biological 

organisms.  

There is also no lacking in such general proposals among theoretical biologists today. 

In addition to Goodwin, we have seen mathematical biologists and theorists of complex 

systems such as Stuart Kauffman, Robert Rosen, John Holland, and Antonio Lima-de-Faria. 

Let me briefly comment on Kauffman. Kauffman might be the most well-known 

theoretical biologist in the science of complex systems. In addition to numerous articles, 

his main contribution to biology lies in the Origins of Order: Self-organization and Selection in 

Evolution (1993). Kauffman later wrote several books for a general audience. In Origins, 

Kauffman started by taking issues with Darwinism (defined by himself), and then urged 

that self-organization must be considered, other than natural selection. In his own work, 

Kauffman introduced the concept of rugged fitness landscape, along with the formal tool 

of Boolean networks. He also had a theory on the origin of life, with the concept of 

autonomous agents. Finally, Kauffman touched on the issues of ontogeny. In some sense 

Kauffman was a late follower of Turin’s very abstract approach to morphogenesis. In 

addition to engaging many insightful and promising concrete themes (although not 

appreciated by experimental biologists), like Bertalanffy, he also speculated about “a kind 

of ‘fourth law’ of thermodynamics for self-constructing open thermodynamic systems 

like biospheres” (2008: 173).  

However, compared to theories devoted to concrete themes, overall these very general 

and overly abstract proposals are even further from any promising empirical evidence. 

This is indeed easy to understand. Yet what I want to emphasize concerns the logical 

difference between theories devoted to concrete themes and general theoretical 

proposals. While concrete themes concern objects predictable of life, general proposals 

aim to give a theory about life itself. The latter, from Kant to Kauffman, have been 

intended to offer general principles applicable to all living beings, with a focus on their 

commonality, i.e., the fact that they are all alive.  
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Finally, I must emphasize again that I am not dismissing theories devoted to either 

concrete themes or general proposals, and what I am doing is a logical clarification of 

different types of theories in biology. It is true that I have made some negative comments 

on their marginal statuses in mainstream biology, but these comments are not new and 

are shared by mainstream biologists. If these theories want to claim more respectable 

positions in biology, the sensible way is to win through painstaking theoretical and 

empirical work, not through legislating propaganda and victim playing.3 

7.4 A case study on entropy: between the concrete and the 

general 

Theoretical biologists, of course, have often worked on theories for concrete themes as 

well as general theoretical proposals. By the former they have won some empirical 

achievements; yet by the latter, unfortunately, they have either composed loose meta-

theoretical research programs, or indulged in wild speculations about a universal theory 

of life. At the same time, they often put the two kinds of theories together as if they 

constituted a common endeavor to understanding the nature of life. Yet as I have 

suggested, the former are devoted to objects predicatable of life, but most of the latter are 

designed to theorize about life itself. As I have shown in previous chapters, a neglection of 

this distinction has resulted numerous conceptual confusions in biology. Now, let me take 

the concept of entropy as an example. 

While the discourse on entropy had long existed since the nineteenth century (see 

chapter 2), the most “famous” discussion of course comes from Schrödinger’s What is Life 

(1992/1944), especially for his statement that life feeds on negative entropy. He wrote: 

 

                                                      
3 By the way, it should also be noted that there are pseudo-general proposals which are actually meta-theoretical 

programs, consisting of quite diverse concrete research themes. We have seen such programs in the so-called 

modern evolutionary synthesis as well as its claimed extension. In organicism there is a similar meta-theoretical 

program termed “developmental systems theory”. By name it appears to be a general theory of life, but 

according to its supporters, the theory amounts to “a general theoretical perspective on development, heredity 

and evolution, a framework both for conducting scientific research and for understanding the broader 

significance of research findings” (Oyama, Griffiths and Gray 2003: 2). So the theory has diverse themes such as 

development, heredity and evolution. Maybe it is fine for biologists to use the term “theory” in such a broad 

way, but then “developmental systems theory” is no general theory of life at all, as it might have implied by its 

name. 
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What then is that precious something contained in our food which keeps us from 

death? That is easily answered. Every process, event, happening – call it what you 

will; in a word, everything that is going on in Nature means an increase of the 

entropy of the part of the world where it is going on. Thus, a living organism 

continually increases its entropy – or, as you may say, produces positive entropy – 

and thus tends to approach the dangerous state of maximum entropy, which is 

death. It can only keep aloof from it, i.e. alive, by continually drawing from its 

environment negative entropy – which is something very positive as we shall 

immediately see. What an organism feeds upon is negative entropy. Or, to put it less 

paradoxically, the essential thing in metabolism is that organism succeeds in freeing 

itself from all the entropy it cannot help producing while alive. (76) 

For the sheer statement that life feeds on negative entropy, one has the impression that 

somehow the nature of life lies in its ability to take in negative entropy, and therefore a 

universal theory of life might be derived therefrom. But if he/she asks further what can 

this possibly mean, he/she will be directed to metabolism, which only amounts to plain 

common sense in biology! Schrödinger shifted between two different meanings of the 

statement and succeeded thereby in creating a myth about life. 

Compared to Schrödinger, Daniel Brook and E.O. Wiley (1986) engaged real biological 

themes such as ontogeny, systematics and ecology. The title of their book, Evolution as 

Entropy: Towards a Unified Theory of Biology, shows their ambition to give a general theory 

of life through the concept of entropy. However, if one examines how they actually apply 

the concept of entropy to different biological themes, he/she is deemed to be 

disappointed. Take ontogeny for example. The only passage directly relevant to the 

concept of entropy lies in 103-110. According to the two authors, “ontogenesis is an 

entropic phenomenon” (103). This statement is followed by a simple calculation of the so-

called entropies of the ontogenetic system in four successive stages (𝐻 =  ln 𝑊): Ha=1.92 

bits, Hb=2.15 bits, Hc=2.41 bits, and Hd=2.52 bits (Refer to 104 for details). Although this 

result appears counter-intuitive given Schrödinger’s statement, the two authors 

maintained that the increase of entropy is caused by “the changes in the number of 

microstates accessible to the system at a given time” (54). I do not intend to comment on 

many suspicious definitions advanced by these two authors (e.g., genes were treated as 

the basic unit of the ontogenetic system, 104). In my view even at the bottom level it is 

already a mistake to use such a questionable calculation result to “explain” complex 

ontogenetic processes; I doubt if any biologist will be able to treat it seriously; it is 

certainly not a successful application of the concept of entropy to ontogenetic processes. 

The promise of a unified theory in biology based on entropy is far from being adequately 

delivered. 

Personally, I find Ben-Naim (manuscript) useful to dispense numerous conceptual 

confusions about the concept of entropy. I also think that his view on entropy and life is 

sound. He wrote:  
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…we do not know how to characterize the state of a living organism. Therefore, the 

concept of entropy cannot be applied to a living system. This is true even if we could 

have somehow developed a thermodynamic theory which applies to systems far 

from equilibrium. Such a theory would probably not be applicable to a living 

organism. Therefore, all statements involving the role of entropy (either that life is 

“antientropic,” or that “life exists because there is entropy”) in living systems are 

at best meaningless. (331) 

It should be stressed that my objection to the usage of entropy and the Second Law 

applies to the entire living system and the whole life phenomena. There is no 

objection to studying specific chemical, mechanical, or electrical processes 

occurring within a living system… The most unjustifiable, unwarranted and 

unacceptable application of the concept of entropy and the Second Law is 

undoubtedly in the phenomenon we call life. Here, I mean life itself, not a particular 

process occurring in a living system. (28) 

Like his 2015, here the physicist also touched on the crucial distinction between objects 

predicatable of life (roughly “a particular process occurring in a living system”) and life 

itself.  

Accordingly, let me summarize the strategy used by authors seeking a unified theory 

of life based on the concept of entropy: these authors re-formulate well established 

statements in biology by merely using the catchword “entropy”, and create resultantly a 

superficial linguistic unity in biology. As a matter of fact, this is not so different from the 

so-called principle of natural selection. In the case of entropy, the shift between different 

meanings is equally obvious. When the concept of entropy is criticized, the defenders 

simply refer to truistic biological knowledge (for instance, metabolism) for a legislation; 

but more often the concept of entropy gives the impression that a unified entropic theory 

is promising, through statements like Schrödinger’s “life feeds on negative entropy”.4 

Some final words. Indeed, other than entropy, numerous concepts, theories, doctrines 

or even only research themes have been advanced to solving the riddle of life. Moreover, 

life has always been a fancy topic for popular audience. The following table gives a list of 

some books published in recent years (except one from François Jacob), all claiming to 

deal with life. However, we must note that most of them amount to at best very general 

introductions to important concepts, theories, doctrines and research themes devoted to 

the study of objects predictable of life. It is not the case that these have be shown by the 

 

                                                      
4 A related concept is information. Compared to entropy, information is in a better situation in biology, since it 

has been offering some limited help to biological research. However, now this concept is limited to very 

concrete themes in biology, and it is very far from the case that a general theory of life has been attained or 

even promising through the concept of information (Ben-Naim 2015: 330). Given that the concept of information 

is often used quite inadequately as a catchword to capture the nature of life (2000), it is worth emphasizing that 

at present the concept of information might help study some objects predicatable of life, but it does not help 

understand the nature of life at all.  
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authors of any relevance to life itself. By the way, these general introductions are often 

less useful to working biologists who want more details. 

 

Author Title year Key words 

Addy Pross What is life? How chemistry becomes biology 2012 Complexity, 

chemistry 

Kunihiko 

Kaneko 

Life: An Introduction to Complex Systems Biology 2006 Complexity, system 

Pier Luigi 

Luisi 

The Emergence of Life: from Chemical Origins to 

Synthetic Biology 

2006 Emergence, self-

organization, 

autopoiesis, synthetic 

biology 

Denis Noble The Music of Life 2006 Beyond genomes, 

organs and systems, 

evolution 

Jane 

Maienschein 

Whose View of Life? Embryos, Cloning, and Stem 

Cells 

2003 Developmental 

biology 

Niels Henrik 

Gregersen 

(ed.) 

From Complexity to Life: On the Emergence of Life 

and Meaning 

2003 Complexity, 

emergence 

Evelyn Fox 

Keller 

Making sense of life: Explaining Biological 

Development with Models, Metaphors, and Machines 

2002 Embryogenesis; 

developmental 

biology 

Lily Kay Who Wrote the Book of Life?: A History of the Genetic 

Code. 

2000 Genetic code, genetics 

John 

Maynard 

Smith 

Shaping Life: Genes, Embryos, and Evolution 1998 Information 

Rudolf Raff The Shape of Life: Genes, Development, And the 

Evolution of Animal Form 

1996 Animal form; 

developmental 

biology 

François 

Jacob 

The Logic of Life: A History of Heredity 1973 Heredity 

 

Table: Recent Books on Life 



 

248 

7.5 Concluding remarks 

In this chapter I suggest that there can be two types of theories in biology. The first are 

devoted to the study of objects predicatable of life, while the second to that of life itself. 

Relevant to this thesis, we might call the former weak theories and the latter strong theories. 

Often theoretical biologists work on both. On the one hand they have theoretical 

achievements on concrete themes, and on the other hand they have also speculated on 

general proposals. However, it is questionable if they relate the former to the question of 

the nature of life. In contrast, general proposals, for their claimed goals of unifying 

different biological disciplines, more explicitly touch on the question of the living nature. 

However, none of these grand theoretical proposals is empirically promising in current 

biology, and there has not been any universal theory of life. So, still nothing is wrong in 

Goethe’s Faustian statement that “Gray…is every theory, and green is alone life’s golden 

tree” (Goethe 1990/1829: 207). 

Further, the distinction between objects predicatable of life and life itself has not 

always been well respected. As a result, numerous unqualified concept and theories have 

been claimed to contribute to an adequate understanding of the nature of life. They also 

share a common strategy, that is, shifting between different meanings of the same terms. 

This strategy has caused numerous conceptual confusions. And importantly, it cannot 

hide the fact that the central question of vitalism, that is, the nature of life remains 

entirely untouched. Therefore, up till now Thomas Mann’s statement still holds: “What 

was life? No one knew” (Mann 1949/1924: 274). 

 



 

 249 

Chapter 8  

Teleology 

8.1 Introduction 

Teleological terms, such as “goals”, “purposes” and “functions”, help constitute 

teleological statements and explanations and their use has long been widespread in 

biological discourse.1 In addition, I observe that it has become increasingly popular in 

recent years to label biological organisms as autonomous agents possessing self-

determining goals, purposes and even norms (e.g., Walsh 2015). In philosophy of biology, 

teleology have returned to the scene as a hot topic (e.g., Garson 2016, 2018, 2019, 

forthcoming). In this chapter, I hope to indicate how contemporary debates on teleology 

in biology finally bring us to the question of vitalism and the peculiar nature of life (as 

briefly mentioned in chapter 7). Also, I suggest that contemporary debates, 

unfortunately, are again misguided by a common strategy in traditional philosophy, that 

is, legislation (see the Introduction). Philosophers of biology rush to legislate teleological 

 

                                                      
1 Some might complain that here no distinction between functions and purposes is made. Of course, there 

appear to be some conventional differences between these two concepts. For instance, we often say that the 

function of the heart is to pump blood, and that the purpose of the tiger is to catch the deer; however, the 

differences are never decisive. For example, Delancey (2006) violated the conventional wisdom and asserted 

that “the purpose of a human heart is to pump blood” (70). Indeed, these so-called differences merely rely on 

intuitions about the conventional usage of teleological terms. In 8.5, I will argue that these intuitions are 

inadequate to grounding any particular interpretation of teleology. Moreover, I want to point out that some 

insist on this distinction, for the mere purpose of seperating functional statements from “teleological” 

statements more narrowly defined (only including terms like “purposes” and “goals”). Needless to say, such a 

seperation has a further purpose of legislating functional statements at the expense of “teleological” 

statements. For an example, see that Ghiselin endorsed function at the expense of teleology (2001, 2002). As 

always, such a legislation only hypostasizes and absolutizes certain meanings of terms as “true” meanings of 

them and creates resultantly many unnecessary confusions and polemics. In this chapter, I take functional 

terms to be part of teleological terms.  
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terms without executing a logical analysis of their meanings in advance. Further, a logical 

analysis without legislating intentions will show that contemporary debates on teleology 

in biology also amount to, unfortunately, non-debates. However, these debates 

themselves might still be useful in a different way, for that they allude to the peculiar 

nature of life and invite us to re-think vitalism. Let me now start with a general overview 

of contemporary debates and then lay out the structure of this chapter.  

In contemporary debates on teleology in biology, it is now a consensus that teleological 

terms are legitimate in biology as long as they receive adequate interpretation. Hence, 

the first claim is that teleology is legitimate in biology. The first claim is uncontroversial 

today, largely because philosophers have proposed two mechanism-friendly or simply 

mechanistic approaches to interpreting, or re-interpreting (amount to legislating, as we 

will see later) teleology in biology, one evolutionary and the other organizational or 

systematic (for a recent overview, see Garson 2016). The evolutionary approach appeals 

to the etiological history of biological traits and the organizational approach refers to the 

current role of these traits in biological organizations. Within each approach various 

interpretations have been developed, followed by heated debates over which is most 

appropriate. Each particular interpretation has to combat not only the alternative 

approach in general, but also other interpretations from the same approach. After earlier 

monist proposals, the most popular position today is pluralism. By pluralism, it is 

acknowledged that biologists use teleological terms with different meanings in different 

contexts. I will introduce these debates in 8.2. Nevertheless, despite these conflicting 

interpretations, the first claim on teleology in biology, namely, the legitimacy claim, 

remains uncontroversial.  

In comparison, the second claim on teleology in biology is controversial. The second 

thesis relies on the observation that teleological terms are apparently absent in physics, 

but uniquely present in biology. It is then suggested that teleology is unique to biology 

(in contrast to physics). This uniqueness claim is less voiced today. However, its 

controversial nature becomes clear if we consider the first legitimacy claim. To justify the 

legitimacy of teleology in biology, philosophers have advanced two mechanistic 

interpretative approaches. However, one might ask, if teleological terms receive 

mechanistic interpretations and have merely physico-chemical meanings, how can they 

still be unique to biology? 

A recent insightful article, Javier González de Prado Salas’s (2017) ‘Whose purposes? 

Biological teleology and intentionality’, in my view, has shed new light on the tension 

between the two claims. In this article, González de Prado Salas contended that biological 

teleology, in both evolutionary and organizational approaches, fails to offer a sufficient 

account of intentionality, i.e. the possession of goals and purposes by intentional agents. 

In other words, regarding teleology, the gap between its mechanistic interpretations and 

anthropomorphic interpretations (referring to intentions) has not been bridged. Further, 

pertaining to the uniqueness claim, it is a truism that intentional agents, capable of 
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possessing goals and purposes, are absent in physics and most parts of biology. Thus, 

anthropomorphic interpretations are adequate enough to justify the uniqueness of 

teleology in sciences that concern intentional agents.  

The tension between legitimacy and uniqueness, however, remains for teleology in 

biology. Most philosophers aiming to legislate teleology in biology will never accept 

anthropomorphic interpretations because clearly most biological organisms are not 

intentional agents possessing goals and purposes. For these philosophers, to accept 

anthropomorphic interpretations is to commit the anthropomorphic fallacy, a sign of 

unscientific biology from the pre-mechanistic age (e.g., Mayr 1988: 40-1). They insist that 

only mechanistic senses of teleology are legitimate in biology and that the 

anthropomorphic sense must be forbidden. In consequence, while the legitimacy claim is 

safe, the uniqueness claim remains suspicious. 

My suggestion in this chapter is that this tension between legitimacy and uniqueness 

finds its root in the conflation between two basic senses of teleology. While scholars stick 

to the legitimacy claim by devising two mechanistic approaches, their commitment to 

the uniqueness claim relies on, rather implicitly and perhaps even unconsciously, 

anthropomorphic interpretations of teleology. Even though the general consensus holds 

that the latter anthropomorphic sense of teleology is inapplicable to most parts of 

biology, the widespread presence of teleological terms frequently alludes to it in 

biological discourse. More generally, an almost unavoidable anthropomorphic tendency 

has developed in biological discourse. Given this fact, then, philosophers try to legislate 

the use of teleological terms by re-assigning mechanistic senses. What follow are debates 

over the most appropriate interpretation, and now most philosophers have agreed on 

pluralism.   

In this chapter, I plan to clarify these issues pertaining to teleology in biology in a 

unified analytical framework and then show how these issues take us to the question of 

vitalism and the peculiar nature of life in a very indirect way. In my clarification, I do not 

intend to legislate the use of teleological terms, so I will refrain from offering another 

new mechanistic interpretation. Instead, I reflect in general on the widespread presence 

of teleological terms in biological discourse. The central contention of this chapter 

consists of two claims: the presence of teleology in biology is driven by an 

anthropomorphic tendency that alludes to, but remains different from, the genuinely 

anthropomorphic sense of teleology; and, this anthropomorphic tendency, conversely, 

motivates the pluralist attitude towards mechanistic senses of teleology. 

In 8.2, I start with the legitimacy claim. My aim here is to introduce the two 

mechanistic interpretative approaches and the subsequent debates over the most 

appropriate interpretation. I highlight their shared argumentative strategy, that is, 

appealing to intuitions about the conventional usage of teleological terms. In 8.3, I 

discusses the uniqueness claim. Here I show that the scholarly commitment to this claim 

alludes to the anthropomorphic sense of teleology. In 8.4, I articulate the 
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anthropomorphic sense of teleology. I suggest that it holds trivially in sciences that 

concern intentional agents. From 8.2 to 8.4, I stress the distinction between teleology’s 

mechanistic sense and its anthropomorphic sense. Following this distinction is my 

central contention in 8.5 that teleology in biology has a quasi-anthropomorphic aspect. 

Deepening an insight from Kant, I contend that the anthropomorphic tendency motivates 

the pluralist attitude towards various mechanistic interpretations. In addition, I propose 

that intuitions about the conventional usage of teleological terms are insufficient to 

ground the legitimacy of any particular mechanistic interpretation. In the concluding 8.6, 

I claim that the anthropomorphic tendency helps identify an objective reality, that is, the 

reality of life. The widespread presence of teleological terms in biology implies that life is 

a rather peculiar concept; metaphorically speaking, it “goes beyond” matter, yet still fails 

to “reach” mind.  

8.2 The mechanistic senses of teleology: organization and 

evolution 

A common narrative is adopted by philosophers sympathetic to teleology, exemplified 

most recently by Denis Walsh (2008, 2012, 2013; 2014, 2015). To start, they claim that for 

a long-time teleology had a poor reputation; during the scientific revolution it was even 

viewed by giant thinkers, like Bacon, Spinoza and Descartes, as a major obstacle to 

embracing the mechanistic ideal of science (but for more complex narratives, see among 

others Garrett 1999; McDonough 2011). Now, according to these philosophers, this unfair 

treatment of teleology should come to its end in their hands: they seek to save teleology 

by offering mechanism-friendly interpretations. Even though Walsh (2008) noted that 

‘received opinion answers “no”’ to the question ‘whether teleological explanation might 

constitute a legitimate part of a scientist conceptual tool kit’ (113), my observation is that 

the received opinion has long changed, at least since the 1980s (Perlman 2004; Wouters 

2005). Despite some rare cases of opposition (Ghiselin 1994, 2002), in my impression, 

Walsh and others’ goal has largely been realized, at least in philosophy of biology. As a 

matter of fact, their adopted historical narrative is clearly made for legislating purposes.  

Yet only history is not enough. To legislate the use of teleological terms in biological 

discourse, philosophers come to distinguish between two basic senses of teleology (e.g., 

Mayr 1988; Walsh 2012). On the one hand, they agree with the critics of teleology: in the 

history of science, teleological terms were often used inappropriately in biology; that is, 

to explain spatio-temporary events by appealing to either goals and purposes that 

supposedly intend them (the anthropomorphic fallacy). On the other, these philosophers 



 

 253 

claim that there are mechanistic interpretations of teleology that only refer to 

uncontroversial laws and facts in the sciences (or at least explanatory projects aiming at 

these laws and facts. See Mitchell 1993; Godfrey-Smith 1993; Schwartz 2004).2 Further, 

quite naturally, philosophers urge that biological discourse should endorse mechanistic 

senses of teleology. In sum, philosophers take teleology to be legitimate in biology, as 

long as it receives appropriate interpretation.   

My observation is that this is an agreement among philosophers today. 

Notwithstanding this agreement, however, they do debate a different but related 

question: what is the most appropriate interpretation of teleology in biology? In general, 

two approaches are now available. As González de Prado Salas (2017) summarized, one is 

the evolutionary approach, the other is the organizational approach. In the evolutionary 

approach, the purpose of a biological trait is to be understood, very broadly, by referring 

to its evolutionary history: the purpose of X is doing Z if doing Z explains why X was 

present, selected, or maintained in the evolutionary history. In the organizational 

approach, the purpose of a biological trait is to be understood, in brief, by appealing to its 

role in maintaining the organizational system it belongs to: the purpose of X is doing Z if 

doing Z contributes to the maintenance of the larger biological organization.  

Both approaches have a number of adherents. The evolutionary approach has been 

articulated, with increasing levels of sophistication, by a few later evolutionary biologists 

and philosophers (Williams 1966; Ayala 1970; Ruse 1971, 1973; Wimsatt 1972; Wright 1973, 

1976; Millikan 1984, 1989a, b, 2002; Neander 1991, 2017a; Griffiths 1993; Godfrey-Smith 

1994; Buller 1998; for more, see Garson 2008, 2016). At the same time, in a process of 

mutual criticisms and responses, the organizational (systematic) approach was developed 

as the major alternative to interpreting teleology in biology (Beckner 1969; Cummins 

1975, 2010; Boorse 1976, 2002; Prior 1985; Bigelow and Pargetter 1987; Enç and Adams 

1992; Amundson and Lauder 1994; Walsh 1996; Craver 2001; Davies 2001; Wouters 2003; 

for more, see Garson 2008, 2016). This approach has also become increasingly popular in 

recent years (Christensen and Bickhard 2002; Mossio et al. 2009; for more, see González 

de Prado Salas 2017).3  

Which approach, or which interpretation is more appropriate? This disagreement 

remains unsettled. Now the majority lessen their polemic tones and prefer a context-

based pluralism (e.g., Mitchell 1993, 1995; Godfrey-Smith 1993; Allen and Bekoff 1995; 

Walsh and Ariew 1996; Preston 1998; Hardcastle 1999; Griffiths 2006; El-Hani and Nunes-

 

                                                      
2 Schwartz (2004) gave a similar summary: “philosophers offer short lists of necessary and sufficient conditions 

for the application of the [teleological] concept-where the conditions involve only acceptable physical or 

biological notions-and claim that the set of conditions captures the import of function statements” (136). 
3 Mossio et al.’s (2009) recent organizational account claims to be different from previous systematic accounts. 

But for convenience, also for the affinity between the concept of system and the concept of organization, I 

classify them into a larger organizational approach, and view their differences as differences from within. 
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Neto 2009; Garson 2018; also see articles in Ariew, Cummins and Perlman eds. 2002): one 

recent trend is to first presuppose pluralism and then clarify how teleological terms could 

be used in different biological disciplines (Garson 2011, 2012; see also articles in Huneman 

ed. 2013). Some once envisaged a possible unification (e.g., Kitcher 1993; Buller 1998). 

Earlier in the 1970s, philosophers often defended a monist position (e.g., Wright 1973; 

Cummins 1975) by raising criticisms of the alternative approach. The main criticism of 

the evolutionary approach is that it does not capture an important type of intuitions 

about the biological usage (see the summary in Garson 2008: 532-537). For instance, 

molecular biologists often assert that one function of a certain protein is to regulate 

certain gene expression, but they remain entirely agnostic about its evolutionary history. 

On the other side, appealing to intuitions about the conventional-but perhaps less 

biological-usage, the major criticism of the organizational approach claims that it fails to 

address the normative implication of teleological terms (see the summary in Garson 2008: 

544). Accordingly, as the critics suggest, there is an actual difference between the function 

of the protein and its mere effect. In brief, function implies the existence of a norm that 

the protein is “supposed to” give rise to its effect. The evolutionary approach suggests 

that the normative implication might be captured by referring to the etiological history 

of the protein. Now the most popular interpretation is the “selected effects” view, 

according to which the existence of a norm implies a selective history: the protein is 

“selected” to give rise to its effects.   

The two major criticisms, along with a few others, motivate both approaches to correct 

and improve, and since the 1970s, various different interpretations have been developed. 

Within the evolutionary approach, some want to limit the relevant evolutionary, or here 

more precisely, selective history to the recent past (Griffiths 1993; Godfrey-Smith 1994), 

some endorse a broader conception of selection in order to account for more types of 

selection other than natural selection (Garson 2011, 2012), and some opt for weaker 

etiological theories in which the evolutionary history needs not be selective (Buller 1998; 

Schwartz 1999). Within the organizational approach, philosophers focus on the concept 

of organization and try to restrict organizations within concern to those only exhibiting 

negative feedback (Faber 1984), or plasticity (Enç and Adams 1992), or self-reproduction 

(Schlosser 1998; McLaughlin 2003), or self-maintaining networks (Mossio et al. 2009). 

Yet despite the diversity of interpretations, their argumentative strategy is 

surprisingly similar. To make a case for the interpretation in their favor, philosophers 

often start by accusing others, both friends from the same approach and foes from the 

alternative, of failing to capture the full meanings of teleology in biology. Then, as a 

remedy, they create their own more refined approach that supposedly fixes the problem 

of the loss of meaning. What strikes me most are perhaps the appeals to intuitions about 

the conventional usage of teleological terms through which alternatives are dismissed as 

inadequate. A recent debate serves as a good example. In addition to the intuitions about 

the biological usage and the intuitions about the normative implication of teleological 



 

 255 

terms, this debate relies on a third type of intuitions, namely those about the attribution 

of function or purpose (for a comprehensive summary of different types of intuitions, see 

Wouters 2005).  

Direct and indirect participants of this debate are in general advocates of the 

organizational approach, but they disagree on whether a unified or splitting account of 

biological function is more desirable (Christensen and Bickhard 2002; Delancey 2006; 

Mossio et al. 2009; Saborido et al. 2011; Christensen 2012; Artiga and Martínez 2016). 

Mossio et al. (2009) advanced their new organizational account of function: “a trait type 

T has a function if, and only if, it is subject to organizational closure C in a differentiated 

self-maintaining system S” (828). These authors believed that their account is superior to 

the evolutionary approach generally as well as previous accounts within the 

organizational approach. Regarding the former, they rightly observed that the 

evolutionary approach appears to violate biological usage because, as mentioned above, 

“functional attributions to biological structures do seem to have some relation…to what 

they currently do, and not only to what explains their current existence’ (821). Regarding 

the latter, they claimed that previous organizational accounts fail to address the 

normative implication of teleological terms. In failing to do so, they asserted that it 

“appears to be somewhat at odds with the way in which both science and common 

language ascribe functions and is therefore, to some extent at least, unsatisfactory” (818).  

However, some previous organizational accounts, especially Delancey’s (2006), 

appeared to pose a challenge to Mossio et al. (2009) based on “the difference between 

cross-generational and intra-generational teleofunctions” (87-88). This challenge can be 

stated as follows. To account for biological function, Mossio et al. (2009) relied on a crucial 

concept, namely, the self-maintaining system/organization, to which a functional trait 

must contribute. However, according to the conventional biological usage, the sperm, as 

a cross-generational trait, does have functions (like generating fertilized eggs), yet it does 

not seem to have contributed to the self-maintenance of its paternal organism. 

Consequently, as Artiga and Martínez (2016) summarized, ‘OA [the organizational 

account] has the very counterintuitive consequence that sperm does not have any 

function’ (109). To solve this problem, Delancey (2006) split the organizational account: 

one sub-account for intra-generational functional traits with respect to ‘self-sustaining’ 

(91) systems, the other for cross-generational functional traits (e.g., the sperm) with 

respect to ‘self-reproducing’ (91) systems.  

In response, Saborido et al. (2011) stressed a point only implicit in their earlier article: 

“various temporary instances of a system…can be considered as instances of the same 

encompassing self-maintaining organization” (599). As a result, self-maintaining 

organization includes not only individual organisms, but also, by definition, a 

reproducing lineage of organisms. In a word, “a self-maintaining organization…maintains 

itself also through reproduction” (601). This response aims to preserve a unified account, 

but it might not be able to satisfy everyone. Predictably, some will complain that this so-
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called unification merely relies on a new definition that arbitrarily places self-

reproducing systems into the concept of the self-maintaining system. But to be more 

charitable, from the logical point of view, this definitional solution is by no means 

problematic in itself. However, Artiga and Martínez (2016) pointed out a different issue: 

by considering the reproducing lineage, the original organizational account given in 

Mossio et al. (2009) re-absorbs the historical dimension, making itself liable to an 

etiological interpretation. Thus, ironically, Mossio et al.’s (2009) organizational account 

has returned to the evolutionary approach.  

Regarding this debate, pluralism, as the most popular position in previous debates, still 

offers the easiest solution: teleological terms simply have different meanings in different 

contexts, and therefore, we have intra-generational and cross-generational functions. 

Delancey’s (2006) splitting account seems more natural, but Saborido et al.’s (2011) 

definitional solution does offer a nominal unification, which might finally be recruited 

into the evolutionary approach. However, in this article my primary aim is not to settle 

this debate or any previous debate. I also doubt whether these debates can be settled as 

they have been conducted. Instead, I propose to rethink teleology in biology in a different 

way, which, I hope, will make sense of all previous debates in a more radical manner. I 

shall come back to these debates in 8.5. There I will advance a new analytical framework, 

which addresses the appeals to intuitions and the definitional solutions.  

What matters, I believe, concerns a different, anthropomorphic sense of teleology. I 

will articulate this sense in 8.4. In the following 8.3, I first explore the relevance of this 

different teleology, by discussing the second thesis on teleology in biology, the 

uniqueness claim. Recall the first legitimacy claim. Even though there is no consensus on 

the most appropriate interpretation, the legitimacy of teleology in biology is taken for 

granted. However, under mechanistic interpretations of teleology, the second uniqueness 

claim appears dubious. In the following, then, I suggest that the commitment to the 

second claim alludes to the anthropomorphic sense of teleology. 

8.3 Is teleology in biology merely mechanistic? 

Fewer biologists and philosophers have voiced the second uniqueness claim. But 

prominent examples can be found. For instance, Michael Ruse, supporting the 

evolutionary approach in general, asserted that “teleological explanations are thought 

appropriate in evolutionary biology, but not in the physical sciences” (2000, 213; see also 

Ruse 1989). Physics is often the contrasting target. On the organizational side, Ernst Mayr 

(1992) offered a classical example. He first distinguished between teleomatic processes 

governed by “natural laws” (125) and teleonomic processes regulated by “programs” 
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(127); then he claimed that physics only deals with teleomatic processes, but biology must 

attend to teleonomic processes which “do not exist in inanimate nature” (128). 

However, Mayr never articulated the distinction between teleology in biology 

(teleonomic processes and programs) and ‘teleology’ in physics (teleomatic processes and 

natural laws). Instead, in his 1992 article, Mayr appealed to intuition: 

They [teleomatic processes] may have an end point but they never have a goal. The 

question ‘what for’ is inappropriate for them. One cannot ask for what purpose 

lightning had struck a particular tree, or for what purpose a flood or an earthquake 

had killed thousands of people…The very general terminal situations effected by 

natural laws are something entirely different from the highly specific goals coded 

in programs. (125-6) 

Earlier Mayr (1988) explained further:  

All objects of the physical world are endowed with the capacity to change their 

state, and these changes follow natural laws. They are end-directed only in a 

passive, automatic way, regulated by external forces or conditions… [in contrast] 

all teleonomic behavior is characterized by two components. It is guided by a 

“program”, and it depends on the existence of some endpoint, goal, or terminus 

which is foreseen in the program that regulates the behavior. (44-5)  

Thus, did Mayr imply that teleological processes in biology (teleonomic processes) are 

goal-directed in an active, non-automatic way, with goals embedded in programs? The 

answer to this question, I believe, should be positive, as attested to by his two later 

remarks: (1) “teleological phenomena in organisms…consist of active behavior” (46); and 

(2) “tentatively, program might be defined as coded or prearranged information that 

controls a process (or behavior) leading it toward a given end” (49). For all these 

statements, I suspect, Mayr’s formulation strongly alludes to the anthropomorphic sense 

of teleology, as if a teleonomic behavior were having its own goals. 

An examination of a different but more recent organizational account of teleology 

strengthens this suspicion. This account is developed by a group of theoretical biologists 

and philosophers of biology, including Alvaro Moreno, Matteo Mossio, Leonardo Bich and 

others. According to these authors, they intended to establish a “connection between 

organization and teleology” (Mossio and Bich 2017, 1089). But in their organizational 

account, a difficulty soon arises, namely, that their mechanistic sense of teleology cannot 

justify its uniqueness to biology. The difficulty mainly concerns the existence of complex 

thermodynamic systems, such as “dissipative structures” (1109). These systems, as they 

acutely observed, might also be interpreted as realizing “intrinsic teleology” (1109).  

The response adopted by Mossio and Bich (2017) reminds us of Mayr’s 

anthropomorphic tendency. The authors denied that dissipative structures possess 

intrinsic teleology. Accordingly, teleological features of biological organizations are 

realized through “self-determination”, by which they mean that ‘biological organization 
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determines itself in the sense that the effects of its activity contribute to determine its 

own conditions of existence’ (1089). In contrast, “self-organising systems [dissipative 

structures] are systems that are simple enough to appear spontaneously” (1110). 

Therefore, if my reading is correct, this contrast makes a point that can be found in Mayr 

(1988): biological organizations are capable of active self-determination, while physical 

organizations are only organized in a passive, spontaneous, automatic way. This contrast, 

like that given in Mayr (1992), strongly alludes to the anthropomorphic sense of 

teleology.4 

However, predictably all of them will deny this allusion. For instance, Mayr (1988), 

while giving formulations highly suspicious of anthropomorphism, still insisted that 

“teleonomic explanations are strictly causal and mechanistic” (60). Yet this allusion 

becomes almost undeniable in the influential organism-machine analogy (See articles in 

Krohs and Kroes eds. 2009). To defend the uniqueness of teleology to biology, Mayr (1988: 

60) already mentioned this analogy. A recent example comes from Nicholson (2013). By 

contrasting organisms to machines, Nicholson contended that “the former are 

intrinsically purposive whereas the latter are extrinsically purposive” (669). While 

extrinsic purposiveness apparently assumes the intention of “external agents”, intrinsic 

purposiveness relies on “internal organizational regime” (673), rather than any intention 

of organisms. Apparently, to justify teleology’s uniqueness to biology Nicholson used its 

anthropomorphic sense, but for its legitimacy he tacitly turned to its mechanistic 

(organizational) sense.  

In sum, a peculiar situation can be found in biological discourse: teleological terms 

with strong anthropomorphic implications are widely in use, but they (are required to) 

receive mechanistic interpretations because these terms cannot have genuine 

anthropomorphic meanings. My term in 8.5 to capture this aspect of teleology in biology 

is “quasi-anthropomorphic”, by which I identify formulations that allude to the 

anthropomorphic sense of teleology but have no genuine anthropomorphic meanings. In 

relation to the two claims of legitimacy and uniqueness, mechanistic interpretations 

ensure the legitimacy of teleology in biology and quasi-anthropomorphic formulations 

are intended to ground its uniqueness. Now, let us look more closely at the 

anthropomorphic sense of teleology. 

 

                                                      
4 Mossio and Moreno (2015) gave a different response, which concedes that complex physical organizations 

realize “a minimal form of self-determination” (16) and that the drawn distinction only concerns the degree of 

“complexity” of (biological and physical) organizations. The concern over “complexity” can also be found in 

Mayr (1988: 60). However, this distinction is dubious in itself since no one has devised a precise formulation; 

and perhaps more fatal is that this response undermines the uniqueness claim because it acknowledges that 

teleological features also exist in physical organizations. I have criticized this response in chapter 5. 
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8.4 The anthropomorphic sense of teleology: intentionality 

Philosophers of biology are aware of the anthropomorphic sense of teleology, which takes 

intentionality to be its central feature. Indeed, human beings, plus perhaps some higher 

animals, are often treated as intentional agents capable of having goals and purposes in 

their minds. To explain human behaviors and actions, the reference to these goals and 

purposes is indispensable. Even though this sense of teleology holds trivially in sciences 

that concern intentional agents (for this I take it for granted), the following five almost 

truistic points need to be emphasized, for the sake of my argument. 

First, in the sciences that concern intentional agents, teleological terms have clear 

meanings. Goals and purposes are possessed by and therefore attributable to intentional 

agents. These agents can desire utilitarian purposes, for which they can devise plans. 

These agents also long for goals with no clear utilitarian meanings, and to meet these 

goals, they tend to set up norms and rules. In addition, under appropriate neurological 

and psychological conditions, these agents can choose between alternative goals, plans 

and norms. For these abilities we also view intentional agents as self-determined, 

autonomous and free. Therefore, in relation to intentional agents, not only teleological 

terms such as goals and purposes, but also others like norms, self-determination, 

autonomy and freedom, have clear anthropomorphic meanings.  

Second, the physicalist objection to explanations using purposes and goals (sometimes 

dismissed as folk psychology) relies on materialist or physicalist forms of metaphysical 

naturalism and it has no force in science. In philosophy of mind, some physicalists and 

more radical eliminative materialists have raised the objection that since every mental 

state of possessing goals and purposes is “identical to”, or at least “supervenes” on, a brain 

state, the brain state has “ontological” superiority and should serve as the “real” cause of 

human behaviors (e.g., Kim 1999). Even though it is very far from the case that for every 

mental state a brain state has been identified, some physicalists continue, it should be the 

goal for future neuroscience, which will finally dispense terms in folk psychology (e.g., 

Churchland 1981). It is not clear whether there are scientists (biologists, psychologists 

and sociologists) who take seriously this objection, which remains detached from the 

reality of scientific knowledge. Under appropriate conditions a mental state of possessing 

certain purposes leads to particular behaviors and actions, even though it might be 

conditioned on a brain state characterizable in neuroscience. The empirical reality of 

mental states cannot be denied, by hypostasizing brain states into “real” constituents of 

the metaphysical reality, through terms like “identity”, “supervenience”, or “ontology”. 

Indeed, mental states are empirically as real as brain states, and they both give rise to 

theoretical concepts in science. As Nagel emphasized, “human attitudes...are... 

‘theoretical constructs’ logically on a par with such ‘unobservable’ matters as elasticities, 

resistances, and valences” (1952: 563-4). 
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Third, a thesis parallel to the second thesis on teleology in biology holds trivially in 

sciences that concern intentional agents. Purposes and goals possessed by intentional 

agents, as a whole, identify a realm of explanatory factors lacking in physical sciences and 

most biological sciences. As a result, the uniqueness of teleology in those sciences of 

intentional agents is well grounded and is now largely taken for granted. 

Fourth, in applicable cases a purpose possessed by intentional agents is only one 

explanatory factor: to explain human behavior it often has to be associated with other 

factors. This is also a truism often forgotten. In normal situations, the fact that a student 

passes her final exam is to be explained not only by her intention of passing the exam, 

but also, and perhaps more importantly in most cases, her ability to answer relevant 

questions on the exam. Needless to say, a different person can also possess the purpose 

of passing the exam. Her insufficient knowledge, however, might prevent her from 

achieving her purpose. 

Fifth, in some cases it is also illegitimate to attribute a certain purpose to an intentional 

agent even if she has realized that “purpose”. In some rare situations, a student might 

have decided to quit but still sits the exam. During the exam, she just gives answers that 

come randomly from her mind. She is lucky; she passes the exam. In this case, it is clearly 

inadequate to claim that the student intends to pass the exam. Indeed, the question of 

whether passing the exam is her intended purpose is empirical in nature and 

confirming/disconfirming evidence might come from various sources, such as her 

explicit statements, her conversation with friends, her diary and many others.   

Some physicalists (e.g., Churchland 1981) might sneer at these common-sense or folk 

psychology examples in thinking that more “scientific” explanations must be sought at 

more “fundamental” levels. Yet the last two points can be illustrated with Max Weber’s 

classical study on the sociology of religion. First, consider the famous Protestant thesis 

that modern capitalist practices were motivated by a religious purpose shared by 

Calvinists in the early-modern-European context (Weber 1992/1905). This thesis has been 

criticized but still finds support today. Despite all the controversies, Weber’s thesis is 

clear that Calvinists never intended the rise of modern capitalism and they only regarded 

capitalist practices as a way to attest to their status of being saved. In addition, Weber 

only saw Calvinists’ religious purpose as one explanatory factor, material factors unique 

to the early modern Europe are also indispensable. A more extreme case perhaps lies in 

Weber’s explanation of the institutional decline of Buddhism in ancient India (Weber 

1958/1916). Weber appealed to the content of Buddhism. He noted that ancient Buddhists 

were more interested in self-salvation, and that their indifference to religious institutions 

might have contributed to the decline of Buddhism. However, Buddhists themselves 

never intended the institutional decline of Buddhism, nor can the decline of Buddhism be 

explained alone by the unique purpose of self-salvation possessed by ancient Buddhists. 

Political and economic forces were clearly more important.   
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The five points presented above indicate an anthropomorphic sense of teleology; 

namely, the possession of purposes and goals by intentional agents. Neglecting these five 

points often leads to a conflation between the anthropomorphic sense of teleology and 

mechanistic senses of teleology. Such a conflation, as González de Prado Salas (2017) has 

shown, has also resulted in proposals to understand intentionality through purposes in 

mechanistic senses. Proposals criticized in González de Prado Salas (2017) actually 

constitute an interesting research tradition that tends to identify the evolutionary 

continuity between life and mind. One of their philosophical heroes is Hans Jonas, who 

once speculated that mind might already be “prefigured in the organic form from the 

beginning” (1966: 3).  

Now more scientific minds have moved further in proposing to bridge the gap between 

biological teleology mechanistically interpreted and anthropomorphic teleology (Bedau 

1998; Weber and Varela 2002; Di Paolo 2005; Barham 2012; Barandiaran and Egbert 2014).5 

According to a recent, very cautious proposal from Barandiaran and Egbert (2014), 

“human agency is a natural complexification of lower forms of agency, where ‘natural 

complexification’ implies no fundamental discontinuity nor the addition of essentially 

different principles” (6). In their later formulation of, for instance, the concept of norm, 

they return to what we call an organizational interpretation, and tacitly distinguish it 

from the anthropomorphic interpretation:  

[A norm] is found, in a conditional manner: what would happen if the system were 

to evolve under such and such conditions, and how it would have to compensate 

such an evolution if it were to avoid death in the future. The organization of the 

system is the source of norms, but it makes no sense to claim that norms themselves 

have any causal or regulatory effect. (23-4) 

In this mechanistic interpretation, the authors have actually identified laws and 

regularities about system behaviors as norms. In contrast, it is quite clear that norms in 

the anthropomorphic sense must be possessed by intentional agents and are therefore 

different in kind. In addition, under appropriate conditions, an anthropomorphic norm 

will give rise to its own “causal and regulatory effect”. Indeed, like those fond of 

teleological terms, scholars who tend to bridge mechanistic teleology and 

anthropomorphic teleology at best only use terms with strong anthropomorphic 

implications, such as norm, agent, self-determination, autonomy and freedom, to 

 

                                                      
5 These generally belong to the organizational approach. Within the evolutionary approach, see Millikan (1984) 

and Neander (2017b) for some teleosemantics proposals. For a critique of such proposals, see Brunnander 

(2011a). 
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describe empirical results (of course important in themselves) compatible with a general 

mechanistic framework.6  

In sharp contrast to these proposals, Nagel’s analysis of teleology represents a high 

level of conceptual clarity (also see Woodfield 1976; Nissen 1993, 1997). In response to 

those claiming to bridge mechanistic teleology and anthropomorphic teleology, Nagel 

suspected that: 

the cardinal importance philosophers assign to the alleged universality of such 

continuity is a lingering survival of that conception, according to which things are 

intelligible only when as teleological systems producing definite ends, so that 

nature is properly understood only when construed as the habitat of society. 

(1954d: 11) 

Nagel insisted that the two basic, scientifically legitimate senses (mechanistic and 

anthropomorphic) of teleology must be strictly distinguished. Let me now present Nagel’s 

view, which will serve as the starting point of the subsequent analysis.  

First, Nagel opted for the organizational approach of teleology in biology (Nagel 

1979c/1977: 285-290), but he found no sufficient reason to refute the evolutionary 

approach (313). He accepted the first claim on teleology in biology: 

...teleological concepts and teleological explanations do not constitute a species of 

intellectual constructions that are inherently obscure and should therefore be 

regarded with suspicion. (Nagel 1979c/1977: 316) 

Second, and more consistent than others sympathetic towards teleology, Nagel 

understood well that once mechanistic senses of teleology are assigned in biology, the 

uniqueness claim becomes unsound. Thus, Nagel rejected the second claim on teleology 

in biology:  

But does the presence of teleological explanations in biology and their apparent 

absence from the physical sciences entail the absolute autonomy of the former? We 

shall try to show that it does not. (Nagel 1979a/1961: 402) 

Third, Nagel pointed out that a different, anthropomorphic sense of teleology exists in 

the sciences concerning intentional agents, and that it is conceptually distinct from 

mechanistic senses of teleology in biology: 

Some teleological explanations patently do assume the existence of deliberate 

plans and mental purposes; but such an assumption is not illegitimate when, as in 

 

                                                      
6 Brunnander (2011a) raised a similar criticism of teleosemantics proposals within the evolutionary approach: 

“…we need to be aware that ‘proper function’ maybe quite misleading in the context of accounting for meaning 

and intentionality in that it has us express clearly descriptive historical claims about spread and persistence in 

terms with normative connotations” (381). 
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the case of teleological explanations of certain aspects of intentional agents, the 

facts warrant it. (1979a/1961: 24) 

If the intentional view of goals is taken literally, an organism can be described as 

goal-directed with respect to a determinate goal as if it is legitimate to ascribe 

intentions, desires, and beliefs to the organism. In consequence, goals and goal-

directed behavior can be correctly predicated only of human beings, and possibly 

of some higher animals. It is therefore entirely inappropriate to use such language 

in connection with organisms such as protozoa and plants which are incapable of 

having intentions and beliefs; in connection with subsystems of organisms, such as 

the complex of glands and other parts of the human body, that are involved in the 

homeostasis of the blood temperature; or in connection with inanimate systems, 

such as steam engine provided with a governor and other servomechanisms that 

are sometimes described as goal-directed. (1979c/1977: 279)  

Nagel demonstrated the difference between mechanistic teleology and anthropomorphic 

teleology with rigor. Moreover, for Nagel, mechanistic senses of teleology are sufficiently 

adequate for most parts of biology. I agree with his view only as far as scientific biology 

is concerned. In my opinion, however, Nagel failed to pay full attention to the peculiarity 

of teleology in biology. As I will show in the following section, on this point Nagel’s 

analysis might fall short of Kant’s. 

 

8.5 Teleology in biology has a quasi-anthropomorphic aspect 

As mentioned above, it is trivially true that the anthropomorphic sense of teleology is 

unique to sciences that concern intentional agents. Recall the second claim on teleology, 

by which authors like Mayr hope to defend its uniqueness to biology. This claim cannot 

stand, of course, if teleological terms in biology receive mechanistic interpretations; but 

the commitment to this thesis is interesting enough. As suggested in 8.3, this commitment 

indeed alludes to the anthropomorphic sense of teleology. It contains a projection of the 

mental to the vital, and the thinking to the living.  

Kant’s analysis of teleology, in my view, has nicely addressed this projection. Even 

though Kant and teleology have received careful treatments in recent years (Goy and 

Watkins, eds. 2015), few, as Nagel has done (1979b/1977: 303-5), have pointed out that 

Kant actually employed the anthropomorphic sense of teleology in his Critique of 

Judgment. Indeed, what puzzled Kant is whether teleological judgments refer to “an 

intentional end of nature” (2000/1790: 5: 379-80). For Kant, mere mechanistic judgments 

are not enough to capture all aspects of organisms, and he was desperate at the possibility 
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of “a Newton who could make comprehensible even the generation of a blade of grass 

according to natural laws that no intention has ordered” (5: 401). Therefore, Kant’s 

analysis actually leaves room for teleological judgments in biology. However, Kant also 

considered it incorrect to overestimate the role of teleology. He maintained that only 

mechanistic judgments make genuine contributions to the growth of objective 

knowledge about organisms. He wrote, “if it [mechanism] is not made the basis for 

research then there can be no proper cognition of nature” (5:387), and that teleology does 

not “constitute a proper part of theoretical natural science”. (5: 383). For Kant, then, “one 

is required to pursue it [mechanism] as far as one can” (5:388). In sum, Kant presented an 

antinomy between mechanism and anthropomorphic teleology. Even though only 

mechanism contributes to scientific biology and therefore should always be pursued, 

teleology, in its anthropomorphic sense, remains relevant to capturing certain aspects of 

living organisms.  

My term to characterize this peculiar nature of teleology in biology is “quasi-

anthropomorphic”, which I believe has captured what Kant intended. The 

anthropomorphic sense of teleology is not applicable to most biological organisms, but it 

appears unavoidable to conceive of some organismic behaviors through, though only 

metaphorically, the anthropomorphic lens. For this reason, I claim that teleology in 

biology has a quasi-anthropomorphic aspect. This Kantian claim, in my view, still holds 

today. Now I argue for this claim by advancing a unified analytical framework to explain 

several key features of previous debates on teleology in biology.   

In those debates, the starting point is always an appeal to intuitions about the 

conventional usage of teleological terms. Then a criticism is made that all alternative 

interpretations fail to capture the full meanings of teleology. Naturally, as is often urged, 

a new interpretation is needed. Yet the new interpretation is soon dismissed as 

inadequate for being also counterintuitive in some cases. Then another new 

interpretation is in need. As a result, an almost unending dialectical process emerges, and 

various interpretations become available. Now the most popular position in these debates 

is pluralism, which apparently guarantees a peace between all these different 

interpretations. 

Let us first examine these so-called intuitions about the conventional usage. One group 

of intuitions refer to the normative implication of teleological terms. Accordingly, 

functions or purposes of biological entities (traits or organisms) appear to be different 

from their mere effects: they are “supposed to” bring in these effects. As such, there 

appears to be a gap that needs to be filled, and philosophers start to advance both 

evolutionary and organizational laws and facts, which are uncontroversial in a general 

mechanistic framework. However, I suspect that this intuition has a different source, that 

is, the anthropomorphic sense of teleology. As Nissen (1993) observed, “in identifying 

which…constitute malfunctions, it is common to fall back on ‘supposed to’ talk, and that 

is intentional talk” (47). Similarly, Brunnander (2011a) also suspected that “the etiological 
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account of functions gets its support from a pre-theoretical mindset [intentional 

context]” (372).  

This suspicion appears arbitrary, but a consideration of another group of intuitions 

often used in previous debates might make it less so. These concern the attribution of 

purposes and functions to biological entities, and the requirement is that a good 

interpretation must not lead to intuitively odd attributions. However, given that 

teleological terms, statements and explanations are requested to be understood through 

evolutionary and organizational laws and facts under mechanistic interpretations, the 

concern over the attribution of purposes and functions becomes unintelligible: as long as 

these laws and facts remain unchanged, it makes no difference which entities “possess” 

purposes and functions. Then, it is plausible, in my view, to read it as a clear 

anthropomorphic move. As mentioned in 8.4, only in sciences that concern intentional 

agents is the attribution of purposes empirically meaningful. The possession of a purpose 

by a person can be confirmed through various sources, and it is not even necessary for 

the purpose to be realized. The concern over attribution also makes sense of the intuition 

about the normative implication of teleological terms. Intentional agents possess 

purposes and goals, some of which further imply norms. The claimed normative 

implication of teleological terms relies on, if I am not mistaken, the anthropomorphic 

sense of teleology.  

If these intuitions allude to the anthropomorphic sense of teleology and indicate the 

anthropomorphic tendency of biologists, then they cannot be dispensed with, in 

principle, by offering mechanistic re-interpretations. As a result, there is always room for 

appealing to these intuitions, which, once mechanistic interpretations are added, give 

rise to the unending dialectical process of interpreting teleology in biology. Let me 

explain. Due to an implicit anthropomorphic tendency, philosophers become unsatisfied 

with previous interpretations; but they know too well that teleological terms in biology 

cannot have genuine anthropomorphic meanings; then, to make their new interpretation 

scientifically acceptable, they must return to mechanism for legislation. Normally, as we 

have seen, they re-interpret teleology in biology by taking in uncontroversial laws and 

facts about evolution and organization. As a whole, then, the dialectical process of 

interpreting teleology in biology might be depicted as follows: Given a mechanistic 

interpretation M1, some philosophers are unsatisfied due to an anthropomorphic 

tendency; but they cannot really opt for anthropomorphic interpretations, so they return 

to mechanism and come up with a different, perhaps more complex mechanistic 

interpretation M2 by taking in more uncontroversial laws and facts. The motive power of 

this dialectical process is an anthropomorphic tendency, which cannot be eliminated, in 

principle, by laws and facts in the mechanistic framework. In turn, as the list of laws and 
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facts in biology are inexhaustible, it appears impossible to put an end to this dialectical 

process.7 

Given this unending process, the most plausible solution is of course pluralism, which 

simply acknowledges the adequacy of all possible mechanistic interpretations: all 

available interpretations should be accepted, and even new interpretations can be 

invented by introducing additional laws and facts. Pluralism here has two different forms, 

one prescriptive and the other descriptive (Brunnander 2011b). The prescriptive form of 

pluralism suggests that any mechanistic interpretation is to be prescribed a priori; in that 

case, objections based on intuitions about the conventional usage lose their force. Let me 

explain. For instance, once a mechanistic interpretation of teleology M1 is given, it should 

be treated as purely analytical, and this analytical definition should prescribe how 

teleological terms are to be used. If a scholar uses these terms in a different way, then it 

is not the case that M1 is inadequate, but that given M1, the scholar’s use is inadequate. 

The same argument applies to every other mechanistic interpretation, and finally we can 

even generate a variety of equal monisms. The fact that a mechanistic interpretation 

violates the conventional or even biological usage offers no sufficient reason for a 

rejection.  

However, it seems a bit foolish if a philosopher wants to prescribe any particular 

interpretation of teleology. Biologists can use teleological terms wherever they want, as 

long as these terms receive self-consistent mechanistic interpretations. Then perhaps a 

more adequate job for philosophers is to explicate different senses of teleological terms, 

given biologists’ different uses in different contexts. In that case, those mechanistic 

senses might be charitably viewed as candidates for possible biological usage. Then, it is 

likely that we will arrive at a descriptive form of pluralism, although, strictly speaking, 

that concerns an empirical question about the options of biologists. Indeed, if all 

biologists in all bio-disciplines in the descriptive realm have reached an agreement on a 

particular interpretation (though almost impossible), then monism turns out to be the 

right answer, from the empirical point of view.  

Finally, it is important to note that neither prescriptive pluralism, nor its descriptive 

counterpart, can affect the list of uncontroversial laws and facts in biology. The fact that 

only some of these laws and facts are taken into a particular analytic definition of 

teleology does not in the slightest diminish the importance of others; nor does this 

particular definition of teleology have any right to issue a priori rejections of others. 

Indeed, it is the investigation into these laws and facts, rather than those more or less 

arbitrary definitions of teleology that make genuine contributions to the growth of 

 

                                                      
7 But Mclaughlin (2003) complained that “there is a very real danger that the vested interests of philosophy of 

mind in intentionality lead it to foist more teleology upon biology than the biologists need or want by providing 

a self-indulgent analysis of functional explanation” (10).  
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biological knowledge. As Kant maintained, ‘information…about…the origination and the 

inner possibility of these forms [of living beings] … is that with which theoretical natural 

science is properly concerned”, and “positing ends of nature in its products…in 

accordance with teleological concepts…provides no [such] information at all” (2000: 5: 

417). 

In the following I shall give some examples to concretize the foregoing abstract 

analysis. First re-consider the recent debate mentioned in 8.3. In this debate there are two 

basic accounts of teleology, Saborido et al.’s (2011) (and earlier Mossio et al. 2009) unified 

account and Delancey’s (2006) splitting account. Given that biologists do say that the 

sperm has a function, Delancey (2006) proposed to identify two kinds of functions, one 

for intra-generational traits with respect to self-maintaining systems, the other for cross-

generational traits with respect to self-reproducing systems. This yields pluralism. 

However, it does not necessarily imply that Saborido et al.’s (2011) account is inadequate. 

Seen from the original account in Mossio et al. (2009), two monist strategies are available. 

The first is to expand this original account to recruit self-producing systems and to create 

an extension of the concept of self-maintaining systems. This strategy was actually 

adopted in their 2011 account. It yields at least a nominal unification, for which it seems 

fine to say that the sperm has a function. The other strategy is to insist on the narrower 

account in Mossio et al. (2009). Then this sense of teleology should be prescribed as an 

analytical definition, for which it becomes illegitimate to say that the sperm has a 

function. Such a prescription of course violates the conventional biological usage. Yet for 

emphasis, this violation is scarcely important, since no one will deny the significance of 

laws and facts about sperm and self-reproducing systems. 

The rationale of our analysis can be applied to most previous debates on teleology in 

biology. A philosopher is free, in principle, to devise any mechanistic interpretation. 

Within the evolutionary approach, one can place emphasis on the recent past (Godfrey-

Smith 1994; also see Griffiths 1993), or other types of selection (Garson 2011, 2012), or the 

non-selective history in weak etiological theories (Buller 1998; Schwartz 1999). Within the 

organizational approach, one can focus on plasticity (Enç and Adams 1992), or negative 

feedback (Faber 1984), or reproduction (Schlosser 1998; McLaughlin 2003), or self-

maintaining networks (Mossio et al. 2009). Now if the philosopher wants to prescribe 

his/her interpretation, then all others are to be judged as illegitimate. Yet perhaps no 

philosopher will go for prescription: A descriptive pluralism seems more plausible. In that 

case, all interpretations should be treated as candidates for possible biological usage. This 

is arguably the most recent trend in the debates on biological teleology: pluralism is taken 

for granted, and the focus is on how teleological terms are used in different biological 

disciplines. (Garson 2011, 2012; also see articles in Huneman ed. 2013)  

As some philosophers have claimed (e.g., Buller 1999; recently confirmed by González 

de Prado Salas 2017), in general the evolutionary approach is more popular in the 

philosophical literature. Yet in response to philosophers, the biologist Ghiselin has 
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become so enraged, and he aggressively dismissed the evolutionary approach with the 

following accusation: “a stipulative re-definition of a term…only lead to 

misunderstandings and confusion” and that “philosophers have no right to arrogate the 

role of determining how language shall be used….” (2001: 281). Now most biologists, as a 

matter of fact, are more comfortable with the organizational approach in general, and 

perhaps in the biological literature one cannot even find “a real example of the use of 

etiological functions” (Wouters 2005: 144). These judgments about the different attitudes 

of current biologists and philosophers might all be empirically correct. However, to 

emphasize, there is no principled reason why future biologists cannot switch to the 

evolutionary side and begin to notice that teleology might also take them to, as 

philosophers recommend, explanatory projects about the evolution and selection. The 

ever-changing “socio-linguistic” (Garson 2018: 1109) habits of biologists are simply not 

relevant to the possibility of genuine scientific achievements.  

This rationale can also be applied to debates on teleology outside biology, such, as 

firstly, in physics. Nagel once suggested that in physics one can also use teleological 

terms. In that case, teleology receives a minimal mechanistic interpretation and the 

purpose, or the function of a physical entity, is defined to be its lawful effect (Garson  

forthcoming mentions this possibility). For instance, as to the gas law stating that “the 

volume of a gas at constant temperature varies inversely with its pressure”, according to 

Nagel, it can be translated into a teleological statement claiming that “the function of a 

varying pressure in a gas at constant temperature is to produce an inversely varying 

volume of the gas” (1979a/1961: 406). Similarly odd uses of teleological terms, as Nagel 

noted, can be found in eighteenth-century physics (407). They now become odd because, 

according to Nagel, physics has long removed its anthropomorphic tendency (408). 

However, if the minimal mechanistic sense of teleology is prescribed, then purposes will 

become available almost everywhere in the universe. Finally, recall the research tradition 

which tends to bridge life and mind by conflating teleology’s mechanistic senses and its 

anthropomorphic sense. Now given the minimal mechanistic sense of teleology, 

“purposes” are apparently not alien to matter. Then by further conflation, it is even 

possible to construct grand philosophical systems (especially in German idealism) that 

unify matter, life and mind in a common evolutionary scheme.8  

 

                                                      
8 Like many others, even Kant was occasionally allured by constructing such a system. As he wrote in the third 

Critique: “the gradual approach of one animal genus to the other, from that in which the principle of ends seems 

best confirmed, namely human beings, down to polyps, and from this even further to mosses and lichens, and 

finally to the lowest level of nature that we can observe, that of raw matter: from which, and from its forces 

governed by mechanical laws (like those which are at work in its production of crystals), the entire technique 

of nature, which is so incomprehensible to us in organized beings that we believe ourselves compelled to 

conceive of another principle for them, seems to derive” (2000/1790: 5: 418-9). 
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Second in sciences that concern intentional agents. Richard Taylor, in a debate with 

cyberneticists, complained that the latter’s use of “the term ‘purpose’ …bears no 

similarity whatever to the meaning which is ordinarily attached to it” (1950: 310). 

According to Taylor, its ordinary meaning refers to the possession of “desires and beliefs” 

(331). Taylor’s assertions might appear arbitrary (as criticized by Bedau 1990), yet they 

can be read as prescribing the anthropomorphic sense of teleology (also Nissen 1993, 

1997). In that case, no mechanistic senses will be permitted, and purposes will be limited 

to a small part of the universe (human beings and some higher animals).  

If we merely try to describe how scientists (now, not merely biologists) use teleological 

terms, we just have more candidates for possible scientific usage, and it is likely that we 

still end up with a descriptive pluralism. However, pluralism can hardly be the end of the 

story. If pluralism is enshrined in these debates, then there is at least an open question of 

whether the use of teleological terms is necessary in biology. As previously indicated, if 

teleological terms receive mechanistic interpretations, their meanings are exhausted in 

certain uncontroversial laws and facts in biology. In that case, a fatal consequence 

follows. As Nagel anticipates, “goal ascriptions can be explicated without employing any 

teleological notions in the explication…functional statements, as well as the 

presuppositions of functional ascriptions, can also be rendered without using functional 

concepts” (1979c/1977: 313-4; also see Nagel 1953, 1956). Even worse, as we have seen, 

previous debates on teleology in biology focus on definitional issues of little relevance to 

biologists’ real concerns; namely, laws and facts about organization and evolution (as 

already emphasized by Baublys 1975). In consequence, hard-core mechanists can raise 

the following challenges. Why not replace teleological terms in biology with mechanistic 

terms?  What is the point of still preserving teleology in (most parts) of biology? Is it less 

confusing and therefore more desirable to prescribe the anthropomorphic sense of 

teleology?  

I do not intend to give affirmative answers to these questions. A philosopher has no 

right to prescribe any particular sense of teleology for biological usage. After all, 

biologists are free to use teleological terms but give mechanistic interpretations. And, 

maybe in some contexts, teleological terms can play regulative roles for biologists 

through fixing certain mechanistic senses and thereby suggesting related explanatory 

projects, though by sheer definition (e.g., Mitchell 1993; Godfrey-Smith 1993; Schwartz 

2004).  

However, reflecting on the persistence of teleological terms in biological discourse, I 

want to stress a different and perhaps also deeper point originally raised by Kant. On the 

one hand, even though only mechanism contributes to scientific biology, the 

anthropomorphic sense of teleology is attractive as mechanism appears unable to capture 

certain aspect of living organisms. On the other hand, even though the anthropomorphic 

sense of teleology is attractive, it fails to play a genuine role in most parts of biology. 

Then, what is the missing aspect of organisms, that cannot nevertheless be 
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anthropomorphic teleology? In previous passages I have used the term “quasi-

anthropomorphic” and the missing aspect should be, in my view, a quasi-

anthropomorphic aspect of organisms. However, does this term even make sense in 

biology? Is it a mere subjective projection of the mental to the vital, unconsciously 

entertained by some biologists? Now I recommend that the answer to the first question 

should be positive and the answer to the second should be negative. The two answers, I 

believe, will take us to the very peculiar nature of life. 

As implied above, hard-core mechanists might dismiss the quasi-anthropomorphic 

aspect of teleology in biology as sheer nonsense. For them, the use of teleological terms 

in biology might be acceptable, but these terms need to receive mechanistic 

interpretations and become therefore eliminable. From the standpoint of scientific 

biology, I agree with this judgment. However, I do doubt whether this judgment does full 

justice to the almost inevitable anthropomorphic tendency, developed in biological 

discourse. The persistence of teleological terms in biology might attest to subjective 

projections of feeble-mindedness, as some tough-minded thinkers might judge; yet I 

believe that it has a deeper implication that finally takes us to one important part of the 

empirical reality, that is, the reality of life itself. In other words, the quasi-

anthropomorphic aspect of teleology in biology identifies, or even corresponds to, the 

objective reality of life (by the way, this is also Kant’s view, as he ascribed an identificatory 

function to teleology. See Quarfood 2006; Toepfer 2012; Van den Berg 2015: 111). 

Let me explain a bit. Recall the pluralist solution to the problem of interpreting 

teleology. Mechanistic interpretations are unproblematic if rendered as analytic 

definitions; but pluralism has a price to pay. Pluralism implies that in biology the gap 

between teleology (in its quasi-anthropomorphic aspect, as a sign of life) and mechanism 

cannot be fulfilled; re-defining teleology in mechanistic terms only leaves the 

anthropomorphic tendency untouched. Moreover, recall that teleological terms 

mechanistically re-interpreted are dispensable in scientific biology, strictly speaking. The 

logical conclusion, then, is that it is simply impossible to understand life through 

knowledge about matter. Matter and life therefore remain conceptually distinct. As 

Kreines (2008) indicated, “to be a living being or the ‘member’ of a living being…is not to 

have a certain material or chemical composition” (367). Kant already emphasized this 

point as early as 1769, “although one perceives much life in matter, one distinguishes this 

from material properties” (2005/1769, 17: 348).  

Life is also different from mind. It does not have genuine anthropomorphic meanings; 

no evidence warrants the claim that the property of being alive has detectable impacts 

on an organism’s behavior. This is also the reason why I have characterized teleology in 

biology as having a mere quasi-anthropomorphic aspect. Even though it is so tentative, 

as Jonas has done, to treat life as proto-mind, this treatment, as far as it concerns the 

contents of biology, makes no recognizable difference. Life and mind, then, remain 

conceptually distinct. As Nagel stressed, though, with respect to teleological terms, “it is 
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obvious that were the phrase [being goal-directed] used strictly in the sense specified by 

in the intentional view, it would have no application in most parts of biology” 

(1979c/1977: 280). 

I believe that Kant understood the distinctiveness of life (from both matter and mind) 

well in the following passage: 

Perhaps one comes closer to this inscrutable property if one calls it an 

analogue of life: but then one must either endow matter as mere matter with 

a property (hylozoism) that contradicts its essence, or else associate with it 

an alien principle standing in communion with it (a soul), in which case, 

however, if such a product is to be a product of nature, organized matter as 

an instrument of that soul is already presupposed, and thus makes that 

product not the least more comprehensible, or else the soul is made into an 

artificer of this structure, and the product must be withdrawn from 

(corporeal) nature. Strictly speaking, the organization of nature is therefore 

not analogous with any causality that we know. (2000/1790: 5: 374-5, emphasis 

added) 

8.6 Concluding remarks: life is just so peculiar 

In this chapter I have started with two broad claims on teleology in biology. The first 

suggests that teleology is legitimate in biology. I have shown that this claim holds if 

teleology receives mechanistic interpretations. However, mechanistic senses of teleology 

fail to justify the second claim that teleology is unique to biology. Indeed, the scholarly 

commitment to the second claim alludes to the anthropomorphic sense of teleology 

which, however, is inapplicable to most parts of biology. The tension between the two 

claims first takes us to two basic senses of teleology and finally to a quasi-

anthropomorphic aspect of teleology in biology. On the one hand, this peculiar aspect 

generates the anthropomorphic tendency that motivates the dialectical process of 

interpreting teleology in biology; on the other hand, it alludes to-but fails to be-the 

genuine anthropomorphic sense of teleology. 

This peculiar, quasi-anthropomorphic aspect of teleology in biology, according to my 

analysis, indicates that life is conceptually distinct from both matter and mind. It is so 

peculiar, and it remains, as alluded in all previous chapters in Part II, little known to us. I 

believe that this is the outcome of a radical analysis of teleology in biology. The discipline 

named biology studies objects predicatable of life, but our knowledge in this discipline 

actually consists of knowledge about matter in most cases (biological organizations 

treated as complex physical organizations) and knowledge about mind in some rare 
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occasions (higher animals as possible intentional agents). Life itself is missing. For this, it 

is sometimes claimed that life is a folk concept and it should be eliminated in scientific 

biology using Ockham’s razor (e.g., Machery 2012, see more in the Conclusion). However, 

life also seems indispensable, since it identifies, although quite imprecisely, an objective 

reality (objects predicatable of life) for biological inquiry. Then, on the one hand, we use 

the concept of life all the time in biology; on the other hand, we know very little about it 

and occasionally want to dispense with it. Life is just so peculiar.9 Now, to make a better 

sense of this peculiar nature of life, it is time to move to the Conclusion for a final and 

clearer illustration.  

 

 

                                                      
9 I have indicated that this peculiar view of life can sit well in Kant’s text. Hutchins (2016) gave a similar 

interpretation of Descartes’s notion of life. Kant himself had a rather complex view, and he was attracted to the 

view that life indicates a trace of proto-mind (Ingensiep 2006). Refer to the end of the Conclusion for some 

general comments for this view.  
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Conclusion 

The nature of life as a question in physics 

The concept of life has long been disturbing to thinkers who have accepted materialist 

and physicalist versions of metaphysical naturalism. The “profound” question is raised as 

follows: if everything is material and physical, why does life exist? Or is life illusory? Yet, 

As I have suggested in chapter 3, it is misleading to raise the question from the standpoint 

of metaphysical naturalism. In metaphysical naturalism, material and physical things are 

treated as ultimate constituents of a metaphysical reality. Further, since the ontology-

epistemology distinction is taken for granted, life is judged as at best an emergent 

property in the epistemological sense, while material and physical things are dubbed as 

existents in the ontological sense. In sharp contrast, in transcendental philosophy we 

treat material or physical concepts on a par with the concept of life. All of them are 

possible predicates of empirical objects. Therefore, although the co-existence of life and 

matter might be disturbing to dogmatic naturalists who treat matter as the only 

substance, it is no problem at all for transcendental philosophers, who take both matter 

and life to be functional attributes.  

As we have seen in chapter 2, physicists and philosophers have never forgotten the 

question of life. In almost every conceptual innovation in physics, some stood out and 

claimed that conceptual innovations in physics would shed new lights on the nature of 

life. As Frank summarized: 

…at every new turn in physical theory there is a sigh of relief to be heard coming 

from the more philosophically minded scientists, saying that “we are at last at the 

turning-point from a mechanistic conception of nature to a conception which 

introduces or at least admits a spiritual, organic element”. This is what happened 

when “potential” energy was introduced besides observable kinetic energy, when 

the laws of energy were formulated which no longer referred exclusively to bodies, 

when the second law of thermodynamics was formulated which speaks of the 

“unidirectional tendency” of natural processes, when coarse, material fundamental 
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concepts like “mass” were reduced to “immaterial” electrical concepts, etc. (Frank 

1987/1936: 110) 

These are of course interesting episodes in the history of science, but none of these great 

physical theories really helps, even in the slightest, solve the riddle of life. First, concepts 

in physics which apparently go against materialism were used to fabricate a tale about a 

living universe, but these only amount to a conflation between physical concepts and the 

concept of life. Second, the proposition that “A is alive” cannot be derived from any 

physical theories, nor any well formulated bridge laws available. To paraphrase the 

evolutionary biologist Reid, in physics the question of the nature of life: 

is forever being photographed in fashionable modes, whether they be…quantum 

mechanics, cybernetics, system theory, thermodynamics or information theory. 

The process makes the problems more accessible to a wider audience…but 

fashionable appeal can mask the absence of a solution. (Reid 1985: 10, emphasis added) 

Overall, Kant’s note made more than two hundred years ago still holds: “one perceives 

much life in matter, one distinguishes this from material properties” (2005/1769: 17: 348). 

In sum, physics has till now made no essential contribution to solving the riddle of life (I mean life 

itself!).  

The nature of life as a question in biology 

Biology is often branded as the science of life. Then, are biologists in a better position to 

answer the question of the nature of life? Hardly so. As we have seen in Part II, after the 

claimed demise of Driesch’s vitalism, concepts (gene, information, purpose, self-

organization, natural selection and many others), doctrines (anti-reductionism, 

teleology, organicism, evolution and many others) and even some meta-theoretical 

research programs have claimed (or at least been presented so) to address the nature of 

life. However, the essential logical mistake made in all these is that they fail to distinguish 

between knowledge about objects predictable of life (extension) and knowledge about life 

itself (intension). All these doctrines, concepts and programs at best amount to the 

former, no evidence shows that they are of any relevance to the latter. 

By the way, it is to be stressed that the question of the nature of life should be 

distinguished from that of the origin of life (even though Husserlian phenomenologists 

might use the phrase “the origin of life in the transcendental ego” to indicate the nature 

of life; for recent issues about origins-of-life studies, see Mariscal et al 2019). The nature 

of life as a quality is timeless, and it is always there in the transcendental ego; but the 

origin of life, i.e., the first living organism on the earth or in the universe, concerns an 

empirical question essentially related to time. In a similar fashion, the question of the 

nature of life must not be conflated with that of the making of living things out of non-
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living things. It is sometimes anticipated that simple organisms would be synthesized 

through physico-chemical methods in the future. Even so, according to our previous 

analysis, the question of the nature of life would hardly be touched on. To make objects 

predicatable of life, does not necessarily result in a proper understanding of the nature 

of life. After all, fire was made by aboriginal people, who did not understand the nature 

of fire at all; the making of electrical phenomena is very far from understanding the 

nature of electricity through electromagnetism (see Kaufmann 1958/1944: 114-27). In 

sum, given current biological knowledge, the nature of life (I mean life itself!) still remains 

untouched. 

The nature of life: what do we know today? 

A recent debate 

Indeed, the nature of life has become a central concern in recent philosophy of biology. 

There are two basic positions regarding how to define life. The first is negative. Edouard 

Machery (2012) challenged life definitionists that it is hopeless, from the theoretical point 

of view, to find a definition of life applicable to all disciplines of biology. He argued that: 

because the study of life spreads over several disciplines, life definitionists are likely 

to end up with several, intensionally and extensionally different definitions of life 

without having any means to choose between them. Defining life is then likely to 

be pointless. (161) 

Meanwhile, Machery also anticipated a more radical view on his side, when he ended his 

article by recommending that “discarding life definitionism…would be painless” (162). 

Machery’s argument was briefly made by some biologists on Nature, who complained that 

“the idea [life] is close to meaningless” (Editorial 2007: 1032) and recommended 

“dismiss[ing] the idea that life is a precise scientific concept” (1032). More radically, Ferris 

Jabr explained for popular audience “why life does not really exist” (2013). He started by 

asking the question, “…on the most fundamental level, what is the difference between an 

inanimate machine and a living one”, and he decided that “life does not actually exist”. 

His argumentative strategy ran similar to that of Machery’s. Jabr also relied on the well-

known fact that a satisfactory definition of life is lacking. While Machery went for a more 

moderate conclusion that life definitionism is pointless, Jabr wrote instead: 

Why is defining life so frustratingly difficult? Why have scientists and philosophers 

failed for centuries to find a specific physical property or set of properties that 

clearly separates the living from the inanimate? Because such a property does not 

exist. Life is a concept that we invented. 



 

276 

One can clearly see the shift, to use fashionable (but questionable) naturalistic 

formulations, from semantics to epistemology, and finally to ontology. In all, Jabr denied 

the reality of life after learning that the definition of life is not possible today. 

The second basic position in relation to life definitionism is positive. Indeed, in 

response to Machery (2012) and others, Bich and Green (2016) preferred an operational 

approach to defining life. In their own words, “by analyzing the practical utility of 

definitions of life in scientific practice, we propose that definitions of life…should be 

considered in a non-standard and weaker sense, as operational definitions”. Their 

argument relies on examining several definitions (organizational, teleological, evolvable, 

etc.) proposed by working biologists in different biological disciplines (Origins of Life, 

Synthetic Biology, astrobiology, etc.). They concluded that “to discard the project of 

defining life is neither sufficiently motivated, nor possible without dismissing important 

theoretical and practical research”. 

Between these two positions, recently there are numerous proposals to define, or as 

some have claimed, to understand the nature of life, often with new “philosophical” 

vocabularies (Bruylants, Bartik and Reisse 2010, “Fuzzy Logic”; Weber 2010, “emergent 

complexity”; Diéguez 2013, “Homeostatic Property Cluster”; Hermida 2016, “ontological 

individual”; Ruiz-Mirazo, Peretó and Moreno 2004, 2010; Ruiz-Mirazo and Moreno 2012; 

Oliver and Perry 2006; Tsokolov and Serhiy 2009; Popa 2010; Tirard 2010; Malaterre 2010; 

Trifonov 2011; Bedau 1996, 2012; Koonin 2012; Mix 2015; Smith 2016). Mariscal and 

Doolittle (2018) offered an excellent summary of these proposals. Of course, they also 

advanced their own proposal which, however, turns out to be an uneasy synthesis of the 

previous two basic positions. They contended that: 

We favor eliminativism. This would take as the null hypothesis that our folk-belief in 

a category life…is illusory [Machery’s position]. Definitions of life may still find use 

[Bich’s and Green’s position], but it should be recognized that these definitions are 

interest-specific and collectively negotiated, not discovered.  

This is enough of a brief introduction to the recent debate on life. Among different 

proposals there are two basic agreements. The first is that, as Gayon (2010) summarized, 

“most authors are skeptical about the possibility of defining life in a strong way, although 

all admit that criteria are useful in contexts such as exobiology, artificial life and the 

origins of life” (231). The second is that almost all authors presuppose some dogmatic 

forms of naturalism. In particular, they conceive of life as an emergent property of special 

configurations or organizations of physical entities; to them, it is these physical entities 

rather than life that are “fundamental” in the metaphysical sense. 

In my view, unfortunately, this again might be a non-debate. Participants of this debate 

have no disagreement about laws and facts in biology, they disagree over how biology 

should be done, or more concretely speaking, how to approach to the question of the 

nature of life. When these participants happen to be philosophers, the situation becomes 
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odd and philosophers appear to tell biologists what life is and what should be done in 

scientific research. Indeed, if currently life lacks a strong definition, what justifies the 

claim that future biology will remain so? If some current biologists use a weak definition 

of life, why are they justified solely for that they are doing so? Over all, why should other 

biologists stop searching for a strong definition? 

In my opinion, a more reasonable position is to offer a logical analysis of scientific 

knowledge available today. So, it is my claim that the question of the nature of life must 

be answered by referring to the current stage of science. Meanwhile, dogmatic forms of 

naturalism should be replaced by transcendental philosophy, thanks to which we are no 

longer able to make dubious claims such as that “physical entities are metaphysically or 

ontologically more fundamental than life”. 

In sections 1 and 2, we have re-visited the lessons of this thesis. Now they can be made 

even clearer through a formal reconstruction resolving around the proposition that “A is 

alive”. In relation to this proposition, we have examined the following propositions in 

physics and biology: 

(0). A is alive. 

(1). A is electromagnetic. 

(2). A is gravitational. 

(3). A is energetic. 

(4). A is governed by Maxwell’s Demon. 

(5). A is quantum-mechanically atomistic. 

(6). A is thermodynamically organizational. 

(7). A is (mechanistically) teleological. 

(8). A is evolvable. 

(9). A is (anthropomorphically) teleological (having purposes and goals) 

It is quite obvious that the proposition that “A is alive” has no clear logical relation to all 

other propositions. Within scientific knowledge at its present stage, this proposition 

cannot be derived from other propositions nor other propositions can be derived from it. 

Bridge laws are unfortunately lacking in both directions. Metaphorically speaking, the 

proposition that “A is alive” stands very isolatedly from all other propositions. In 

consequence, this proposition does not at all affect any system of scientific knowledge, 

either physical or biological.  

The isolated status of the proposition that “A is alive”, as we have seen in Part II, has 

caused numerous confusions. On the one hand, since it does not affect other propositions, 

the concept of life remains undefined or even useless and eliminable. On the other hand, 

however, it seems inadequate to eliminate this proposition, since life is undeniably 

present in human experience and vitalism has been a recurrent idea in the history of 

biology. In consequence, from both physics and biology, numerous concepts, doctrines 

and even meta-theoretical programs have been misleadingly claimed to address the 

nature of life. Then, to eliminate these confusions as a whole, it seems that we need a 
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more powerful tool to clarify the logical status of the proposition that “A is alive” in 

scientific knowledge. In other words, the role played by the concept of life in the system 

of knowledge has remained unclear, and the status of vitalism continues being vague. 

Now, to solve this problem, I propose to re-think Kant’s regulative-constitutive 

distinction.  

Kant’s regulative-constitutive distinction 

To start, I need to emphasize that, in a pure practice of logical analysis, it is enough to 

point out that the proposition that “A is alive” stands very isolated from all other 

propositions, and so does the concept of life in relation to other concepts. Given the 

current status of science, strictly speaking, the concept of life does not play deductively 

useful role in the system of knowledge, and it might be acceptable if the very proposition 

and the very concept are judged eliminable. However, I believe that a more powerful 

logical tool from Kant will make better sense of the peculiar logical status of the life 

concept. 

Let us now turn to Kant’s regulative-constitutive distinction, and we shall concentrate 

on its role in relation to scientific concepts. Of course, Kant himself intended this 

distinction to operate in theology and ethics; but in this section we shall ignore its role in 

these realms. In addition, it is no news that Kant termed life a regulative idea. Kant 

interpreters have long recognized the regulative nature of life in Kant’s philosophy of 

biology; and now a widely accepted narrative tends to contrast Kant against later German 

biologists and philosophers, who were interpreted as treating life as a constitutive 

principle. For instance, John Zammito (2006) suggested that life for Kant “could only be 

‘heuristic’ or ‘regulative’”, but for later German biologists and philosophers “actual, not 

speculative” (763). Further, along with others (Sloan 2007; Gambarotto 2018), he 

considered Kant’s concept of life to be regulative and therefore unreal in experience; in 

contrast, the concept of life was judged in later Naturphilosophie to be constitutive, 

namely, non-speculative and actual in experience. 

Here I do not aim at a textual exegesis of Kant, but I do doubt whether the mainstream 

interpretation does full justice to Kant’s text.1  Kant once contrasted regulative ideas 

against constitutive principles in the third Critique: 

Strictly speaking, positing ends of nature in its products, insofar as it constitutes a 

system in accordance with teleological concepts, belongs only to the description of 

 

                                                      
1 Kant’s text is complex. For instance, in a key passage (Kant 2000/1790: 5:405), Kant seemed to treat the idea of 

natural purpose as both “regulative” and “constitutive”, and in the latter aspect it “differs from all other 

[regulative] ideas”. Then Kant remarked that judgments made by employing the idea of natural purpose “cannot 

be determining, but merely reflecting”. So, in my view, it is at least a plausible hypothesis that for the concept 

of natural purpose (life) Kant employed different senses of being constitutive/regulative. 
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nature, which is composed in accordance with a particular guideline, in which 

reason certainly plays a role that is magnificently instructive and purposive in many respects 

[regulative idea], but in which it provides no information at all about the origination and 

the inner possibility of these forms [constitutive principle], although it is that with 

which theoretical natural science is properly concerned. (Kant 2000/1790: 5: 417, 

emphasis added) 

At least in this passage, Kant treated life as a regulative idea, not because it is unavailable 

in experience, but because it provides “no information at all about the origination and 

the inner possibility of these forms”. Hence, I suggest, the subtleties of Kant’s regulative-

constitutive distinction in relation to the concept of life have not been fully grasped. 

Fortunately, the subtleties of Kant’s regulative-constitutive distinction have received 

a very detailed treatment from Friedman (1992a, b; Van Dyck 2006). The gist of Friedman’s 

treatment is that Kant employed different senses of being constitutive or regulative for 

different levels (experience, intuition, and empirical sciences). According to Friedman, 

with respect to experience, categories of understanding are constitutive, since experience 

is unintelligible without these categories; in contrast, ideas of reason such as unity and 

coherence of experience are merely regulative, since they cannot be given in experience. The 

situation is different when it comes to intuition, concerning which the regulative-

constitutive distinction has a different sense. Indeed, with respect to intuition, 

mathematical concepts are constitutive, because they can give rise to determinate 

relations; in contrast, categories of understanding turn out to be regulative, since they 

cannot by themselves yield any determinate consequences. In Friedman’s words, even 

though categories of understanding must be present and therefore real in experience, 

they are given in an “entirely indeterminate fashion” (1992a: 76).2  

The second sense of being constitutive/regulative (with respect to intuition) concerns 

the ability of the concept to give determinate consequences. Indeed, this sense has 

profound implications for concepts in empirical sciences. Friedman’s example is Kant’s 

interpretation of the Newtonian concept of matter. In Kant’s time, the Newtonian 

concept of matter represented “the most general concept of empirical natural science” 

(Friedman 1992a: 89). However, unlike the dynamic categories, the Newtonian concept of 

matter, defined by Kant as “the movable in space”, is still empirical, since “the principles 

of pure natural science, unlike the transcendental principles of the understanding, 

are...not entirely lacking in empirical content” (82). Indeed, the Newtonian concept of 

matter has its transcendental as well as empirical dimensions. Here follows the most 

 

                                                      
2  Accordingly, relevant to holism, Kant’s two basic categories of community and reciprocity within 

understanding are constitutive with respect to experience but regulative with respect to intuition. Therefore, a 

philosophical doctrine of holism at best alludes to the indispensability of the wholes-and-parts relation; but 

such a doctrine by itself fails to yield any scientifically (i.e., empirically) interesting theory. Indeed, as I have 

already mentioned in chapter 5, the importance of holism in biology is highly overrated.  
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exciting part of Kant’s interpretation of the Newtonian concept of matter, at least 

according to my reading. In its transcendental dimension, according to Friedman, the 

concept of matter is made possible a priori, through four classes of dynamic categories, 

quantity, quality, relation, and modality (Friedman 1992a: 80-2). However, as we have 

seen, if matter were just defined through mere categories, it would not actually give rise 

to any determinative judgments. Indeed, at this stage, the concept of matter remains 

regulative with respect to the practice of empirical sciences, even though it is the most 

general concept made possible by dynamic categories of understanding. Then, thanks to 

empirical efforts of Newton and others’, the Newtonian concept of matter became 

associated with determinate consequences, or put it simply, empirical laws (Newton’s 

three laws of motion). As a result, it becomes possible for the concept of matter to yield 

determinative judgments in empirical sciences. Indeed, such determinative judgments 

are essential to render the concept of matter applicable to the outer world. Then, the 

concept of matter becomes associated with its own constitutive principles. In sum, let me 

put the whole story in a different but more succinct manner. At the starting, purely 

transcendental stage, the Newtonian concept of matter is a regulative idea and indicates 

the following sense of unity: “the movable in space”; but after it has been empirically 

realized, it evolves to (being associated with) a constitutive principle which by itself 

yields determinative judgments. 

To me, essentially, a similar but pre-mature story can be told for the concept of life, by 

using Kant’s regulative-constitutive distinction for scientific concepts. At the start, life is 

a regulative idea indicating the unity of the biological world. However, similar to the 

Newtonian concept of matter at its early regulative stage, the concept of life does not give 

rise to any determinative judgments, or simply, vital laws. Yet life is also fundamentally 

different. As we have seen, the Newtonian concept of matter after its regulative stage is 

able to yield determinative judgments; in sharp contrast, even today we fail to obtain any 

vital laws. This contrast can be show through formal reconstruction. Regarding matter, 

the proposition that “A is (Newtonianly) material” implies that A must be governed by 

Newton’s three laws of motion. Then needless to say, the proposition that “A is material” 

is intimately connected with other propositions in Newtonian physics, and it seems 

adequate to treat it as a fundamental principle. But the case of the proposition that “A is 

alive” is entirely different. As we have seen, it stands very isolated from almost all other 

propositions in biology.  

Some final words on the mainstream interpretation of Kant’s treatment of life as a 

regulative idea. Given the complexity of Kant’s text, I will not explicitly conclude that this 

interpretation is false. Yet I believe that it is fair to dub it as incomplete. Indeed, there are 

different senses of being constitutive/regulative. And there is clear textual evidence 

showing that Kant treated life as a regulative idea, because it cannot yield determinative 

judgments (see above), not because it is unreal in experience. By the way, this 

interpretation is also implicitly shared by a minority of Kant interpreters (Quarfood 2006; 
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Toepfer 2012; Van den Berg 2015: 112-5). In my view, they are correct that Kant would be 

quite willing to accept life as constitutive, yet only with respect to experience. In other 

words, life is real in nature, and perhaps rather importantly, it helps identify biological 

objects. 

A modified Kantian standpoint on the nature of life 

Now we are in the twenty-first century, and more than two hundred years have passed 

since Kant’s discussion of life. In these more than two hundred years, as we have seen, 

physicists in the nineteenth century developed the electro-magnetic concept of matter, 

the energetic concept of matter, the statistical mechanical (atomic) concept of matter, 

and later in the early twentieth century, the quantum mechanical concept of matter. All 

these new concepts of matter are associated with new constitutive principles, that is, new 

mathematico-physical principles, which give rise to new determinative judgments. These 

constitutive principles, like Newton’s laws of motion, define new realms of physics. But 

in sharp contrast, the concept of life has remained at best regulative and indicated only a 

nominal unity of the biological world; no theory of life exists and no vital laws are 

available. By the way, the logical difference between the system of species and the 

periodic table of elements can also be understood through Kant’s regulative-constitutive 

distinction: regarding the latter we have atomic theories of matter as constitutive 

principles, but for the former we do not have any theory of life. Therefore, life remains a 

regulative idea. 

Now it is time to return to vitalism. Seen from this contrast, the essential logical defect 

of vitalism, articulated in chapter 3, can be identified with ease: vitalism does not yield 

any determinative judgment. Regarding the concept of life in its comparative relation to 

different concepts of matter, everything essential, I believe, has been covered. Now let 

me summarize the results of the logical analysis of the concept of life, and present what 

we can know about the nature of life today.  

The question of the nature of life can have two possible answers. First, it is possible 

that in the future the principle of life, similar to gravity, electro-magnetism, or the wave 

conception of matter in quantum mechanics, could receive a constitutive formulation so 

as to offer determinative judgments for living systems solely for its living nature. In that 

case, the nature of life would be captured by a few constitutive principles.  

Second, suppose the first case were never to happen, then we would judge the concept 

of life exactly as we do today. The concept of life is constitutive with respect to 

experience, in the sense that life is a real phenomenon; but it is not constitutive with 

respect to biological knowledge, because it fails to yield determinative judgments. At best, 

we can accept that life is merely regulative for biology. 

This point needs to be better developed. According to Voegelin: 
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The kinship relationships of the living world are primary phenomena just as the life 

of the species and the life of the individual organism are primary phenomena, 

which one can see or not, but there is nothing about them that needs to be 

explained. The primary phenomenon of life becomes visible in a threefold way: in 

the living individual [metabolism], in the species [reproduction], and in the 

interconnectedness of the entire living world [evolution]. (Voegelin 1998/1933: 

144) 

In my view, there are two inter-related reasons for still treating life as a regulative idea 

in current biology. First, the pure phenomenon of life often co-exists with phenomena 

like metabolism, reproduction, development and evolution. Second, the study of these 

phenomena will help with the formulation of a principle of life in the future (in that case 

life will evolve from a regulative idea to a constitutive principle).  

However, it is also possible that such phenomena might be shown of no relevance to 

life. They might be governed by mere physico-chemical principles and their co-existence 

with life cannot take us to any logical relation between them.3 Re-think the analogy based 

on blackness in chapter 7: the co-existence of phenomena of motion governed by 

Newton’s three laws and the phenomenon of blackness cannot suggest any logical 

relation between the former and the latter. Similarly, phenomena of metabolism, 

reproduction, development and evolution might have no logical relation to the 

phenomenon of life. However, life also appears different from blackness. Regarding 

blackness, it is well confirmed that phenomena of motion are irrelevant to the 

phenomenon of blackness; in contrast, in the case of the life concept, phenomena of 

metabolism, reproduction, development and evolution do seem to have some unclear 

relation to the phenomenon of life. But as to the question of whether such unclear 

relation can be formulated as a constitutive principle, no one knows today.  

To emphasize, however, given both possible answers (life will remain a regulative idea, 

or “evolve” to a constitutive principle), life itself is irreducible to anything else. I find 

Driesch’s formulation illuminating, “entelechies are not energies, not forces, not 

intensities, and not constants, but-entelechies” (Driesch 1908b: 205). Following Driesch, 

we claim that life is life itself and nothing else. This claim can be better understood, by 

emphasizing the following three points.  

 

                                                      
3  Ben-Naim has given some speculative examples on forms of life without metabolism, reproduction and 

evolution. He wrote, “one can in principle envisage the evolution of a superliving system, which has the capacity 

to create new copies of itself without the need for reproduction as we know it on this planet. We might also 

envisage highly developed creatures that have the ability to ‘heal themselves’, or rather to fix themselves, or to 

replace overused or defective parts” (2015: 328). He worried that “we are biased by the vast diversity of life on 

our planet” (328). This worry has been identified by Cleland (2013, 2019) as the “single example” problem for 

the universal theory of life. 
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First, even if we were to find constitutive principles for the concept of life in the future, 

those principles would only further support the thesis of the irreducibility of life. In that 

case, the concept of life itself would be irreducible to the concept of matter, just like that 

in quantum mechanics the quantum concept of matter is irreducible to all classical 

concepts of matter. This is exactly the point Bohr made when he claimed that: 

the existence of life must be considered as an elementary fact that cannot be 

explained, but must be taken as a starting point in biology, in a similar way as the 

quantum of action, the existence of life must be considered as an elementary fact 

that cannot be explained, but must be taken as a starting point in biology, in a 

similar way as the quantum of action, which appears as an irrational element from 

the point of view of classical mechanical physics, taken together with the existence 

of elementary particles, forms the foundation of atomic physics. (Bohr 1933: 458)4 

Second, some might object that, if the concept of life were supplied with constitutive 

principles, living phenomena could also be explained by expanding the concept of matter 

to include these principles. But this is a mere matter of definition and turns out to be a 

logical truism. Nothing is wrong to force the concept of life into an expanded concept of 

matter, and the concept of living matter can be artificially constructed. However, this 

definitional trick does not change the fact that the concept of living matter is irreducible 

to all previous concepts of matter; similarly, at least quantum physicists will be annoyed 

by a similar claim that the quantum concept of matter is reducible to an expanded 

classical concept of matter, which contains, by definition, the quantum concept of matter.  

Third, the thesis of the irreducibility of life is different from the thesis of the 

irreducibility of phenomena of organisms. The fact (or possibility) that the phenomenon 

of life is irreducible, does not contradict a different fact (or possibility) that all other 

phenomena of organisms might be reductively explained through physico-chemical 

principles. Assume the concept of life remains a regulative idea, then the phenomenon of 

life does not determine but only co-exist with other phenomena of organisms. As a result, 

even though the irreducibility of life logically supports the irreducibility of organisms 

(because they are alive!), it does not affect at all the reducibility of all other phenomena 

of organisms. 

In sum, the concept of life is a regulative idea in current biology and it might evolve to a 

constitutive principle in future biology. However, given its regulative status today and 

especially its isolation from other concepts, there is no principled mistake, if some argue 

that the concept of life is dispensable and useless in the system of current biological 

knowledge. Now with these insights, we can solve the recent debate on the definition of 

life with ease. In brief, the two basic positions are talking past each other, and they simply 

 

                                                      
4 Unfortunately, Bohr did not proceed to articulating that life is merely a regulative idea, while the quantum 

conception of matter offers constitutive principles. 
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have no genuine disagreement. Participants of the debate who remain negative towards 

defining life are actually requesting a constitutive principle (e.g., Machery 2012), while 

those who stay positive only propose to be satisfied with treating life as a regulative idea 

(e.g., Bich and Green 2016). There is also nothing essentially inadequate in Mariscal and 

Doolittle (2018)’s strange “synthesis” of the two basic positions. All of them are merely 

re-emphasizing the fact that there is no constitutive principle for life in current biology, 

and the fact that life as a regulative idea is now eliminable.  

By large all these positions are reasonable, and they do not disagree over the current 

status of biological knowledge (my formal reconstruction of the propositions in biology). 

Yet they are also similarly problematic, as they tend to answer the question of the nature 

of life once and for all, often by hypostatizing current scientific knowledge as 

approaching a metaphysical reality. I think that the situation will be much improved if 

we refrain from talking about the metaphysical reality of life, legislating what biologists 

are doing at present and telling biologists what to do in the future. To me Wittgenstein’s 

quietism is a more respectable position. For us logical analysts, perhaps what is worth 

pursuing is a clarification of propositions in relation to the concept of life. So, I think that 

Cleland (2006, 2012, 2013, 2019) and Cleland and Chyba (2002, 2003, 2007) get the most 

adequate position: as to the question whether a constitutive principle of life is possible in 

the future, no one knows. 

Since the concept of life is largely useless to biology today and remains at best a 

regulative idea, I almost want to claim that till now biology knows nothing about life. 

Biologists might be irritated by this conclusion that they know nothing about life, a 

conclusion drawn through the method of logical analysis rather than empirical research. 

I admit that achievements of such a logical analysis are less impressive than any concrete 

empirical achievement in biology. But the goal of a logical analysis is not to dismiss 

empirical achievements but place them in proper perspective. Additionally, the logical 

analysis, in my view, does offer some limited help to biologists. First, the analysis has 

pointed out that empirical achievements in biology today cannot shed light on the 

question of the nature of life. Second, since the concept of life indicates a nominal, 

regulative or maybe unfinished unity of the biological world, it has caused numerous 

conceptual confusions in biology. In my opinion, if these conceptual confusions could be 

removed, empirical research in biology (especially evolutionary biology) would no longer 

suffer from non-debates of a metaphysical nature or fruitless quarrels over meta-

theoretical programs. As the physicist Heinrich Hertz (whose ideas have deeply shaped 

Wittgenstein’s conception of philosophy) expected, “our minds, no longer vexed, will 

cease to ask illegitimate questions” (1899: 8). 

Finally, it seems inevitable to raise the following question: shall we know life better in 

the future? In other words, will we formulate a constitutive principle of life in future 

biology? This question is beyond the scope of a logical analysis. But let me still offer some 

brief comments. To formulate a constitutive principle of life is of course tremendously 
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difficult, if not entirely impossible (see chapter 6 and 7). Maybe it is just unrealistic; maybe 

it is due to a lack of adequate mathematical tools (think of Oken’s request of a new 

universal mathesis in chapter 1 and Bavink’s hope of new Gestalt mathematics in chapter 

2). No decisive answer is acceptable today, and future biologists might or might not be 

closer to the right answer. 

By the way, it is also possible to answer the question whether the present thesis 

defends vitalism or not. Facing this question, as a central lesson drawn from this thesis, 

it is first to be warned that one cannot give an answer without first making the meaning 

of the term “vitalism” or the contents of the doctrine of vitalism explicit. So, if by 

“vitalism”, we mean a doctrine with successfully established vital laws or constitutive 

principles for life, then the present thesis does not defend vitalism; but if by “vitalism”, 

we mean that the pure concept of life is distinct from matter and remains as a regulative 

idea, the present thesis does support vitalism.  

Finally, it is to be noted that if we were to have constitutive principles of life in the 

future, basically we would have then submitted life to determinism. As a result, it is not 

to be ignored that there have been an important group of philosophers and biologists, 

such as Bergson, Jonas and even Canguilhem, who claimed on the contrary that the 

essence of life is indeterminism with respect to the physical or material world, by using 

terms like “unpredictability”, “contingency”, “open-endedness”, “creativity”, etc. To 

paraphrase Bergson, “the role of life is to insert some indetermination into matter” (1922: 

132). All these now take us to the extremely interesting trichotomy, matter-life-mind. To 

these issues we must now contribute some brief comments. 

The transition to a historico-logical study of vitalism: life and mind 

As briefly reviewed in the Introduction, in the history of science and philosophy vitalistic 

terms were as well often invoked in psychology and other social sciences (e.g., Adam 

Smith’s political economy. See Packham 2002; Schabas 2003; Wolfe 2018), and very often 

in literary writings (e.g., Goldstein 2017). As a matter of fact, Driesch also gave his 

entelechy an almost psychological interpretation. In his 1925 The Crisis in Psychology 

Driesch claimed that “the working of the ‘entelechy’ of my body is ‘parallel’ to the 

working of ‘my soul’ (146-7; quoted from Allesch 2012: 460).  

In this thesis I have tried to restore his reputation by showing that he was a much 

subtler thinker with extraordinary logical ability. Indeed, to make a case for his entelechy 

through analogy, Driesch not only appealed to matter, but also mind. On this let me quote 

him in full: 

Gravity: A mixture of oil and water, which afterwards separates into a layer of oil 

and a layer of water, shows also a greater degree of diversity or heterogeneity in 

the distribution of its elements at the end than at the beginning...all events go on 
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under the influence of an external factor-gravitation. Such an external factor [i.e. 

entelechy] that could be responsible for the increase of the amount of diversity in 

distribution is wanting in the case of the differentiation of harmonious-

equipotential systems. (Driesch 1908b: 191) 

Entelechy: A harmonious equipotential system may consist of n cells, each of them 

composed of m different (chemical) constituents. In each cell every constituent is 

able to react with every other; in other words, there exist chemical potentials or 

affinities between each possible pair of constituents in each cell. So far the given 

“diversity of elemental composition”, kept in mere potentiality by the suspending 

action of entelechy. But now entelechy proceeds to actuality, and it does so by 

enlarging the amount of diversity of distribution” in the system in question: 

actually, out of all the possible reactions in each cell, only one is allowed to happen, 

and this actual reaction which determines the “prospective value” of the cell, is 

different in each. The specificity in each cell is regulatorily determined by 

entelechy, and thus entelechy transforms a “homogeneous” distribution of given 

different elements and given possible reactions into a ‘heterogeneous’ distribution 

of effects. (193) 

Mental idea: there is a workman and there is a heap of bricks, and the workman is 

building a small house with the bricks. It is clear, without any deeper consideration, 

that the system represented by the bricks is passing from a state of almost equal 

distribution into a state of distribution showing a very marked degree of 

diversity...each single brick is brought to its place by a single external factor, 

namely, by a single act of moving, on the part of the workman. (193-4) 

It is then clear that Driesch invoked this matter-life-mind (functional rather than 

substantival) trichotomy to justify his doctrine of entelechy. For Driesch, entelechy is 

indispensable to make sense of some biological phenomena, like gravity to some material 

phenomena, mental ideas to some human actions. However, as argued in chapter 3, 

Driesch made a logical mistake. The fatal defect of entelechy is that, unlike gravity and 

mental idea, entelechy cannot give rise to any determinate results. In consequence, we 

are in complete darkness on what role entelechy plays to direct biological phenomena. 

So, both matter and mind, in various different forms, have yielded respectable concepts 

for the sciences. But life, up till today, has remained entirely different.   

Regarding the matter-life-mind trichotomy, the great biologist Alexander Oparin once 

remarked on the concept of life: 

At the one end of this spectrum we find the views of those philosophers and 

scientists who believe that life is a general property, inalienable from all matter, 

and who therefore extend the realm of life to cover all objects in the universe…On 

the other hand, the philosophers of the opposite end of the spectrum arbitrarily 
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restrict the scope of life to the compass of human existence, or may even maintain 

that life is the prerogative of one single thinking subject. (Oparin 2010/1964: 70) 5 

Though formulated in ontological terms, Oparin’s remark remains profound. In 

agreement with our historical studies on vitalism and physics, Oparin observed that a few 

physical concepts indicate some resemblance to the concept of life, and thereby open the 

door to speculating about a living Universe. Yet the second half of the remark appears 

even more fascinating. Indeed, when life is viewed as a privileged of human existence, life 

is conflated with mind. 

As I have mentioned at the start of the thesis, my larger project is to give a 

comprehensive study of vitalism, and this thesis focuses only on life and matter. But 

perhaps a more intriguing theme emerges with the relation “life and mind”. Indeed, this 

relation has been briefly mentioned in this thesis. As we have seen in chapter 8, there are 

two kinds of teleology, mechanistic and anthropomorphic. The first concerns matter, the 

second attends to mind. Between these two, life stands in a very peculiar position, 

anticipating its isolatedness from all other concepts. However, despite the conflation of 

the two different meanings of teleology, the matter-life-mind trichotomy invites 

traditional system building, especially in German idealism. Even though Kant was 

cautious enough, he was occasionally allured by constructing such a system. He once 

wrote in the third Critique: 

The gradual approach of one animal genus to the other, from that in which the 

principle of ends seems best confirmed, namely human beings, down to polyps, and 

from this even further to mosses and lichens, and finally to the lowest level of 

nature that we can observe, that of raw matter: from which, and from its forces 

governed by mechanical laws (like those which are at work in its production of 

crystals), the entire technique of nature, which is so incomprehensible to us in 

organized beings that we believe ourselves compelled to conceive of another 

principle for them, seems to derive (2000/1790: 5: 418-9). 

Matter, life and mind were put by Kant, although reluctantly, into an evolutionary 

scheme, as if a sense of continuity could be found from matter to life and finally to mind.6 

 

                                                      
5 Merz also gave a less complete summary in the early twentieth century. According to Merz, “the conception 

of life itself has always fluctuated between the two extremes of considering it as a universal property of all 

matter, or on the other hand as quite a causal and accidental occurrence attached to conditions which, from a 

wider point of view, are extremely rare and exceptional” (Merz 1904: 368). 
6 Kant’s evolutionary scheme already ends up with a brief philosophy of history, which presents history as a 

rational process towards reason, manifested as increasing degrees of freedom and autonomy. Elements of such 

a philosophy of history can be clearly identified in later Schelling’s, Hegel’s and Marx’s much more intricate 

systems. Meanwhile, Regarding the life-mind relation, we already have Driesch’s entelechy-mental idea 

analogy. A similar but more fascinating analogy can be found in relation to evolution. Hegel’s philosophy of 
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Of course, if we consider the natural history of evolution, living objects come after 

material objects and mental objects comes after living objects. While we have 

comprehensively examined life and matter, the similarity between life and mind is too 

obvious to be neglected. In biology apparent phenomena of indeterminism abound, and 

to restore determinism more causal factors must be introduced. In psychology and other 

related sciences apparent phenomena of indeterminism are even more widely present, so 

more causal factors are also called for. However, in the biological case, it seems more 

desirable to turn to physico-chemical factors rather than entelechy; by contrast, in the 

psychological case, mental ideas are perfectly legitimate causal factors. Then life appears 

impotent to affect the material world, but mind is essential to human transformation of 

the material world in general (Hegel used two phrases, namely, “in itself” and “for itself”, 

to make a fine distinction between life and mind, Ng 2016: 9; also see Khurana 2013). Mind 

appears therefore more “powerful” than life, to speak metaphorically, in its capability of 

overcoming the limitation of matter. Seen from this, Jonas felt obliged to suggest that in 

evolutionary history “if mind is prefigured in the organic from the beginning, then 

freedom is” (1966: 3). Jonas built his fascinating philosophical biology, by attributing 

primitive freedom to life: 

Most persuasive to me is the hypothesis that even the transition from inanimate to 

animate substance, the first feat of matter’s organizing itself for life, was actuated 

by a tendency in the depth of being toward the very modes of freedom to which 

this transition opened the gate. (4) 

Indeed, similar statements can be found in numerous mystic authors such as Oswald 

Spengler, who in the Decline of the West wrote that “pure life, is…incapable of being 

bounded” (1929/1918: 95). As a matter of fact, the attributions of primitive freedom to life 

and full-fledged freedom to mind allude to all kinds of imaginative philosophies of history 

from Schelling, Hegel and Marx.  

Moreover, without this life-mind connection and the allusion to terms of intimate 

relation to man and humanity (e.g., “freedom”), it is quite open to doubt whether life can 

be a fancy topic for the general audience and whether any popular science or pseudo-

science writing on biology can be of any interest to them. But for more scholarly 

purposes, the following point is worth emphasizing. Even the term “freedom”, in this 

context, can be read from opposite perspectives. Roughly speaking, among pre-

Nietzschean philosophers such as the Kantians, “freedom” often indicates the ability to 

follow the norms supposedly issued by reason; while among post-Nietzschean 

philosophers notably the existentialists, “freedom” means the ability to defy the norms 

 

                                                      
history (2004/1837), as the logical evolution of mind, runs parallel to the logical evolution of life in vital 

evolutionism. It appears that both of them can be derived from a “higher” evolutionary philosophy. 
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and to the extreme even reason itself. One can easily find discourses on the nature of life, 

mind, man and humanity shifting between these two perspectives. For instance, 

Canguilhem conceived of life as, to paraphrase Etxeberria and Wolfe (2018), “stem[ing] 

from the idea of a living individual, endowed with creative subjectivity and norms” (48, 

emphasis added). Very interestingly, Cassirer in his Essays on Man (1944) concluded with 

the following passage: 

In all human activities we find a fundamental polarity, which may be described in 

various ways. We may speak of a tension between stabilization and evolution, between a 

tendency that leads to fixed and stable forms of life and another tendency to break up this 

rigid scheme. Man is torn between these two tendencies, one of which seeks to preserve old 

forms whereas the other strives to produce new ones. There is a ceaseless struggle between 

tradition and innovation, between reproductive and creative forces. This dualism is to be 

found in all the domains of cultural life. (281, emphasis added) 

Compare Canguilhem and Cassirer, the remark given by Jonas strikes us again: is the 

dualism inherent in mind, man and humanity already anticipated by the dualism of life? 

My preliminary answer is that, as implied above (compare entelechies and mental ideas), 

it is difficult to assert “yes” without any doubt. However, those fascinating issues about 

life and mind cannot be exhausted by this rather preliminary answer; instead they 

deserve a much more careful treatment. Such a treatment will constitute the second part 

of my project: a historico-logical study of vitalism: life and mind. 
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