
 

 

 

 

 

 

 

Academiejaar 2016-2017 

Proefschrift ingediend tot het behalen van de academische 

graad van Doctor in de Psychologie 

The impact of preceding and immediate valence 

signals on response selection in cognitive tasks 

 

Vincent Hoofs 
 

Supervisor:  Prof. Dr. Ruth Krebs 
Co-supervisor:  Prof. Dr. C. Nico Boehler 

A dissertation submitted to Ghent University in 

partial fulfilment of the requirements for the 

degree of Doctor of Psychology 

 

Academic year 2018-2019 





Contents    3 

 

   

CONTENTS 

 Acknowledgements       7 

 Chapter 1: Introduction      11 
o The monetary incentive delay task and the    11 

stimulus-reward association paradigm: Two task  

regimes in which valence manipulations can be  

studied  
o The interplay between preparatory and    16 

incidental incentive valence signals  
o The impact of preparatory and incidental valence   17 

signals in a more natural response context    

o The approach/avoidance task vs. the Go/NoGo   22 

and Stop-signal task    

o References       25 

 Chapter 2: The interplay between preparatory   33 

and incidental incentive valence signals     
o Introduction       35 

o Experiment 1         

 Methods Experiment 1    37 

 Results Experiment 1     41 

 Interim summary Experiment 1   42 

o Experiment 2         

 Methods Experiment 2    43 

 Results Experiment 2     46 

 Interim summary Experiment 2   49 

o Experiment 3        

 Methods Experiment 3    51 

 Results experiment 3     54 

 Interim summary Experiment 3   56 



Contents    4 

 

   

o Discussion      56 

o Conclusion      60 

o References      62 

 Chapter 3: Interactions between incentive  67 

valence and action information in a cued  

approach-avoidance task 
o Introduction      69 

o Methods        77 

o Results       81 

o Discussion      87 

o Conclusion      96 

o References      98 

 Chapter 4: Biasing actions by incentive valence in 107 

an approach/avoidance task 
o Introduction      109 

o Experiment 1        

 Methods Experiment 1   113 

 Results Experiment 1    119 

 Interim summary Experiment 1  122 

o Experiment 2        

 Methods Experiment 2   122 

 Results Experiment 2    124 

 Interim summary Experiment 2  125 

o Experiment 3        

 Methods Experiment 3   126 

 Results Experiment 3    129 

 Interim summary Experiment 3  131 

o Across-experiment analysis      

 Results      133  

 Interim summary    136  

o Discussion      136  

o References      147  

o Supplement material     154 



Contents    5 

 

   

 Chapter 5: (Mis)guided by expecting the good:  161 

The prospect of positive stimuli can provoke  

action biases and undermine goal-directed  

behaviour 
o Introduction      163 
o Experiment 1        

 Methods Experiment 1   166 

 Results Experiment 1    171  

 Interim summary Experiment 1  172 
o Experiment 2 

 Methods Experiment 2   173 

 Results Experiment 2    175  

 Interim summary Experiment 2  177 
o Experiment 3 

 Methods Experiment 3   178 

 Results Experiment 3    179  

 Interim summary Experiment 3  181  
o Across-experiment analysis      

 Results      181  

o Discussion      183  
o Conclusion      189  
o References      192  

 Chapter 6: General discussion    199 
o Main conclusion 1     199 

o Main conclusion 2     200 

o Main conclusion 3     203 

o Possible future research     204 

o General conclusion     205 

o References      206 

 Chapter 7: English summary    211 

 Chapter 8: Nederlandstalige samenvatting  215 



Contents    6 

 

   

o De uitgestelde-geldbeloning taak en het    215 

stimulus-beloning-associatie paradigma:   

Twee paradigma’s voor het bestuderen van  

beloning/straf signalisatie  

o Het samenspel tussen voorbereidende en   217 

directe valentie signalen    

o De impact van voorbereidende en directe valentie  218 

signalen in een approach/avoidance context  

o Mogelijk toekomstig onderzoek   223 

o Algemene conclusie     224  

o Referenties      225  

 Appendix: Data storage fact sheets   231 
o Data storage information for the data of chapter 2 231 

o Data storage information for the data of chapter 3 233 

o Data storage information for the data of chapter 4 235 

o Data storage information for the data of chapter 5 237 

 



 

Acknowledgements    7 

   

ACKNOWLEDGEMENTS 

Ongeveer vier jaar geleden verhuisden Myrthe en ik naar het 

mooie en bourgoundische Gent om met mijn doctoraat project te 

mogen beginnen. Ietwat beduusd door het feit dat Ruth deze ‘reis’ 

met mij aanwilde, terwijl er gemakkelijk voor een van de vele andere 

kandidaten gekozen had kunnen worden, betrok ik kantoor 140.023 

aan de Henri Dunantlaan 2 op 1 oktober 2015. 

  First and foremost I need to thank my supervisor, Ruth Krebs. 

Thanks for all advise, optimism, and tolerance. I feel lucky to have 

had such a broad-minded supervisor whose principles rather than 

quick goal achievement and networking goals decided her 

supervision style, opinions and advises. You are seeing your PhD-

students and Post-docs as persons with their own personalities, 

opinions and thoughts, and are not judging us on the basis of success. 

If wanted, it is always possible to talk with you, and it did not matter 

whether it was work related or not. I think that your motivated and 

flat-hierarchy supervision style is exceptional, and I want to once 

again thank you for having supervised me this way! 

  Second, I want to thank my co-promotor Nico Boehler for being 

critical but righteous when giving feedback on our work. The 

paradigms and manuscripts clearly benefited from your input. 

Frederick Verbruggen, bedankt voor de fijne samenwerking. Ook al 

verliep het project waarin Ruth, jij en ik samenwerkten met het 

bedrijfsleven niet zoals vooraf gehoopt, toch had ik de ervaringen 

niet willen missen. Also special thanks to all members of my guidance 



 

Acknowledgements    8 

   

committee Senne Braem, Daniele Marinazzo, and Wim Notebaert 

for all feedback on our work.  

  Next, I want to thank Onur Asci, Robin Gerrits, Michel Quak 

and Luc Vermeylen for being the nice people that you are. I 

appreciate the moments and time that we spent, and am grateful for 

the straight and honest conversations that we had during and outside 

work hours.  

  Special thanks to all the colleagues that I liked working 

with/being around, Paul Boon, Christian Buc Calderon, Thomas 

Carsten, Charlotte Eben, Julie Hall, Ivan Ivanchei, Meltem Kiyar, 

Mariam Kostandyan, Raquel London, Merel Muylle, Lien Naert, 

Haeme Park, Arthur Prével, Christina Reimer, Elisabeth Roels, Einat 

Rashal, Vesal Rasoulzadeh, Marit Ruitenberg, Danesh Shahnazian, 

Pieter Verbeke, Helena Verhelst, Intan Kusuma Wardhani and 

everyone who I forgot to mention here.  

Ook wil ik graag van de gelegenheid gebruik maken om mijn 

masterstage begeleider Edita Poljac te bedanken voor onze 

gesprekken via Skype en Whatsapp gedurende het doctoraat project, 

en voor de kans om samen te schrijven over de ‘autisme data’. Zowel 

binnen als buiten onderzoek heb ik veel van je geleerd.  

Natuurlijk mag ook Lies Baten van deze sectie niet ontbreken. 

Met al je hulp en suggesties heb je mijn doctoraat project de 

afgelopen vier jaar zoveel eenvoudiger gemaakt, bedankt daarvoor! 

Ook bedankt, Christophe Blanckaert, voor alle ICT-hulp en de goede 

momenten. Bedankt Pascal Mestdagh voor de regelmatig benodigde 

snelle herstellingen aan de fMRI-joystick. 



 

Acknowledgements    9 

   

  Verder, schoon-pa (Thijs Princen) en schoon-ma’s (Brigitte 

Huijbens en Marieke Knoers), bedankt voor jullie warmte tijdens 

jullie bezoeken aan Gent de afgelopen vier jaar! 

  Als enerlaatste wil ik graag mijn twee Limburgse vrienden 

bedanken die de laatste vier jaar ook regelmatig de moeite genomen 

hebben om Myrthe en mij in Gent te bezoeken, en op die momenten 

dikwijls een onuitwisbare indruk hebben gemaakt op vrijwel alle 

eerder genoemde collega’s. Ron Meijers en Tjeu Theunissen, 

bedankt!  

  Ook een dikke dank-je-wel aan ons dochtertje. Hoewel je nog 

niet geboren bent, hielpen het vooruitzicht van je komst en de foto’s 

van je echo’s enorm bij het positief blijven tijdens het schrijven van 

dit boekje. 

En als laatste wil ik natuurlijk mijn ‘inner circle’ bedanken, mijn 

ouders Jan Hoofs en Irene Hoofs-Nowak, en mijn steun en 

toeverlaat, mijn vrouw Myrthe Princen. Bedankt voor jullie 

onvoorwaardelijke steun, en sorry voor alle keren dat ik door 

zogenoemde ‘bugs’, ‘non-significant results’, en werkdruk niet te 

genieten ben geweest. Ik kan me geen rechtvaardigere en lievere 

personen toewensen. 

 

 





 

Introduction    11 

   

CHAPTER 1 

INTRODUCTION 

Motivational factors play an important role in shaping and 

guiding human behavior (Kubanek, Snyder, & Abrams, 2015; Skinner, 

1984). By, for instance, providing people with a small gadget if they 

spent a minimum amount of money on groceries, or fining them in 

case that they cycled in the dark without lights, it is likely that the 

probability of these specific behaviors is increased or decreased, 

respectively. In order to better understand how motivational factors 

like reward and punishment (often referred to as ‘incentive valence’) 

are affecting behavior, psychological research started focusing on 

humans and other primates in lab contexts (e.g., Margules, 1968; 

Meyer & Offenbach, 1962; Offenbach, 1965). Further extending this 

research line, the present dissertation aims at exploring differential 

effects of specific task regimes, i.e., cue-based and target-based 

incentive valence signals, which have been mainly studied in 

isolation. 

 

The monetary incentive delay task and the stimulus-reward 

association paradigm: Two task regimes in which valence 

manipulations can be studied 

The most prominent paradigm to study incentive valence 

effects is the Monetary Incentive Delay (MID) task, in which advance 

cues signal the prospect of rewarding outcomes upon correct 

responses to the subsequent targets (e.g., Knutson & Cooper, 2005; 
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Knutson, Westdorp, Kaiser, & Hommer, 2000; Novak & Foti, 2015; 

Zhang, Li, Wang, Liu, & Zheng, 2017). In this type of tasks, 

performance improvements are generally attributed to improved 

preparatory control mechanisms in anticipation of the target. 

Depending on the type of task, such improvements entail, for 

instance, increased attentional allocation (e.g., Engelmann, 

Damaraju, Padmala, & Pessoa, 2009; Engelmann & Pessoa, 2007; 

Krebs, Boehler, Roberts, Song, & Woldorff, 2012) or reduced 

interference (e.g., Padmala & Pessoa, 2011; Van Den Berg, Krebs, 

Lorist, & Woldorff, 2014). 

More recently, another line of studies, using the so-called 

Stimulus-Research Association (SRA) paradigm, has shown that 

associating targets with reward-related features can bring about 

similar performance benefits (e.g., Krebs, Boehler, Egner, & Woldorff, 

2011; Krebs, Boehler, & Woldorff, 2010; Fig. 1). However, 

performance improvements observed in this type of trial structure, 

i.e., without advance cues, cannot be attributed to improved 

preparatory control mechanisms, but are more likely the 

consequence of immediate control processes or low-level effects, 

such as attentional capture by salient reward-related features (Krebs, 

Hopf, & Boehler, 2015; Krebs & Woldorff, 2017). 
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Figure 1: Schematic representation of a 

monetary incentive delay (MID) task (top), 

and a stimulus- response association (SRA) 

paradigm (bottom). While incentive 

valence prospect is signaled by a cue in the 

MID task (€ = reward prospect), it is 

directly associated with a stimulus feature 

of the target itself in the SRA paradigm 

(blue ink = reward prospect). In both cases    

correct responses to the target stimulus  

               will lead to a reward. 

 

  More generally, the MID (cue valence) versus SRA (target 

valence) manipulation also taps into the general dissociation 

between preparatory (i.e., pro-active) and more immediate (i.e., re-

active) reward-induced processes (Krebs & Woldorff, 2017). Pro-

active cognitive control is defined as a top-down and strategic 

preparatory mechanism facilitating the maintenance of goal-relevant 

information (e.g., Braver, Paxton, Locke, & Barch, 2009; Jimura, 

Locke, & Braver, 2010), while re-active cognitive control is considered 

a more ad hoc correction mechanism that is triggered by stimuli and 

features presented shortly before response execution (Chiew & 

Braver, 2017).  

Over the past decades, the MID task and SRA paradigm helped 

to improve our knowledge on how pro-active and re-active cognitive 

control can modulate participants’ performance. In a visual detection 

study, for instance, in which participants distinguished stimuli 

belonging to a particular category, valence cues in-advance of trial 

sequences (following the MID structure; pro-active) improved 
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participants’ detection performance. This observation was taken as 

evidence for the idea that reward and punishment prospect can 

sharpen visual attention (Engelmann & Pessoa, 2007; Engelmann et 

al., 2009). In that same vein, other studies using valence cueing 

procedures found that advance valence signals improved cognitive 

processes such as conflict processing (e.g., Padmala & Pessoa, 2011; 

Van Den Berg et al., 2014; Veling & Aarts, 2010) and working memory 

(e.g., Jimura et al., 2010; Wallis, Stokes, Arnold, & Nobre, 2015). 

Analogously to these cueing studies, studies that directly associated 

valence to particular target features (following the SRA structure; re-

active) revealed relevant insights regarding more immediate (and 

potentially automatic) processes that can be triggered by incentive 

valence signals. In a rewarded version of the color-naming Stroop 

task, for example, reward-predicting target ink colors generally 

improved task performance (Krebs et al., 2010). Similar facilitation 

effects for reward-predictive targets were found in a Simon task 

(Wang et al. 2018), as well as in a Go/NoGo task (Asci, Braem, Park, 

Boehler, & Krebs, 2019). However, these performance benefits were 

restricted to compatible trials in the former, and Go trials in the 

latter, which relates to an inherent mapping between reward and 

response execution (see below). 

Within the context of SRA paradigms, it is important to 

distinguish between re-active cognitive control and more low-level or 

even automatic processes. Support for low-level effects of reward-

related targets is provided by studies showing that even incidental 

(irrelevant) reward features can improve task performance, but also 

distract participants from the task goal (e.g., Anderson, Laurent, & 

Yantis, 2011; Hickey, Chelazzi, & Theeuwes, 2010; Krebs et al., 2010, 
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2011; Muhle-Karbe & Krebs, 2012; Sali, Anderson, & Yantis, 2014). 

Specifically, in a typical visual search task, in which participants are 

detecting and discriminating a particular stimulus, performance was 

impaired if previously-rewarded (but now task-irrelevant) features 

are presented as distractors, showing that reward-related features 

can misguide participants’ attention away from targets (Anderson et 

al., 2011; Sali et al., 2014). In that same vein, the interference effect 

of irrelevant word meanings in the color-naming Stroop task desribed 

above was amplified if the irrelevant word meaning referred to 

reward-predictive colors (Krebs et al., 2010, 2011). This pattern was 

paralleled by increased activity in prefrontal control regions that are 

implicated in response selection in the case of response conflict 

(Krebs et al., 2011). Further support for this notion comes from a 

previously mentioned study in which reward-predictive target 

features were embedded in a Simon task (Wang et al., 2018). They 

found that targets with high reward value that were presented at an 

incompatible location led to increased interference as compared to 

those with low reward value, reflecting a stronger response 

activation by stimulus location (which is by definition irrelevant in the 

Simon task but causes interference due to a mapping between 

response hand and spatial location). Together, these detrimental 

effects are thought to result from (acquired) low-level saliency of 

reward-related stimulus features which can lead to attentional 

capture (e.g., Anderson et al., 2011; Sali et al., 2014), feature priming 

effects (e.g., Hickey at al., 2010), and direct response priming (e.g., 

Krebs et al., 2011; Muhle-Karbe & Krebs, 2012; Wang et al., 2018) 

That said, SRA paradigms in which target features are actually 

relevant and hence predictive of reward are thought to probe more 

controlled cognitive processes to some extent (e.g., Krebs, 2010, 
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2011; Wang et al., 2018). However, the contribution of low-level and 

re-active cognitive control processes are hard to disentangle (Krebs 

et al., 2015). 

 

The interplay between preparatory and incidental incentive valence 

signals 

Despite of the partly overlapping effects on task performance, 

with both type of paradigms bringing about performance 

improvements if the reward feature is not in conflict with the task 

goal, MID tasks (associated with preparatory control) and SRA tasks 

(associated with immediate control or low-level effects) have to this 

date only been employed in isolation. 

The first empirical chapter (chapter 2 of this dissertation) 

therefore aims at exploring the potential interplay between 

preparatory and incidental incentive valence signals. To this end, we 

conducted a series of cuing tasks in which incentive valence was 

signaled by cues (i.e., following the classic MID structure), but could 

also be associated with the targets (i.e., following the SRA structure). 

Of note, in this initial step, these reward-associated target features 

were not actually predictive of reward (incidental), and hence 

expected to probe low-level effects rather than voluntary, re-active 

cognitive control. To briefly preempt the results, we found anecdotal 

evidence for an additive effect of preparatory (cues) and incidental 

(targets) valence signals in a fairly easy visual discrimination task, and 

an effect of preparatory valence alone in a more difficult conflict task. 

However, in a context entailing a direct overlap between the valence 

and response dimension, we observed performance benefits if both 
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types of valence signals were drawn in reward colors, and more 

response errors when a distractor was drawn in the reward color, 

which both could be the result of simple response priming by salient 

reward-related features. We consider the results of this set of 

experiments as a pilot study that has guided us with respect to the 

design choices in the following chapters. 

 

The impact of preparatory and incidental valence signals in a more 

natural response context 

The vast majority of monetary incentive studies in psychological 

research entail simple button presses. However, it seems feasible to 

assume that some of the effects, especially in SRA paradigms, may be 

driven by an ‘inherent’ approach bias towards reward. Inherent 

couplings between valence and action, with reward-approach (or 

positive-approach) and punish-avoid (or negative-avoid), are thought 

to reflect two general behavioral systems (Konorski, 1967; Thayer, 

1989). The so-called Behavioral Activation System is concerned with 

approaching the reward stimuli, whereas the Behavioral Inhibition 

System deals with withdrawal or avoidance of punish stimuli (Carver 

& Scheier, 1998; Gray, 1990). These mappings (often identified as 

valence-action biases) have been most prominently reported for 

emotional stimuli that had to be approached or avoided (e.g., Chen & 

Bargh, 1999; Krieglmeyer, Deutsch, De Houwer, & De Raedt, 2010; 

Phaf et al., 2014; Seibt, Neumann, Nussinson, & Strack, 2008). For 

example, in a set of experiments conducted by Krieglmeyer and 

colleagues (2010), participants were required to imagine themselves 

in the place of a manikin on the screen, and to move up and down on 

the screen in response to centrally presented emotion words. By 
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using a block-wise manipulation of the task instructions (e.g., ‘move 

up towards positive words and move down away from negative 

words’ vs. ‘move down away from positive words and move up 

towards negative words’), as well as the manikin’s location on the 

screen (below or above the word), this paradigm allowed to study 

valence-action biases without manikin/physical movement 

confounds. The results unveiled valence-action biases, i.e., faster 

distance decreases between the imagined self and positive words 

when approaching these, and faster distance increases when 

avoiding negative words. Importantly, these compatibility effects 

could be observed regardless of the initial manikin location and its 

movement direction (as well as were they independent of the 

participants’ physical movement directions, i.e., arm flexion or 

extension; Krieglmeyer & Deutsch, 2010), which suggests the 

activation of approach and avoidance action codes for inherently 

positive and negative events, respectively (see also Markman & 

Brendl, 2005). 

Analogously to the study by Krieglmeyer and colleagues (2010), 

other approach/avoidance studies found similar positive-approach 

and negative-avoid biases (e.g., Bargh, Chaiken, Raymond, & Hymes, 

1996; Chen & Bargh, 1999; Seibt et al., 2008). More recent studies 

translated these types of paradigms into the motivational domain by 

introducing monetary incentive manipulations (reward and 

punishment). In accordance with the notion that these different 

types of valence information are strongly related on the neural level 

and with regard to guiding participants’ actions (Pessoa, 2008, 2009), 

biases between valence and action have also been brought about in 

these studies, in that reward-related stimuli facilitate response 
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execution and impair response inhibition (e.g., Asci et al., 2019; 

Freeman, Razhas, & Aron, 2014; Guitart-Masip et al., 2011). It has 

been, however, an open question in how far these mappings can be 

influenced by goal-directed control processes that are usually 

observed as performance benefits of incentive cues across a wide 

range of cognitive tasks (e.g., Krebs et al., 2010; Novak & Foti, 2015; 

Zhang et al., 2017). For the the third and fourth empirical chapters 

(chapters 3 and 4), the manikin based approach/avoidance paradigm 

has been combined with MID and SRA manipulations in different 

versions. An illustration of such a trial structure is provided in Figure 

2. 

    

 

Figure 2. Schematic depiction of trials in a rewarded version of the manikin based 

approach/avoidance paradigm task (cf. methods chapter 4). Participants were 

explicitly instructed on the valence-color mappings prior to the experiment (here, 
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orange-reward and blue-neutral). Each trial started with the presentation of a 

square-shaped cue. In so-called cue-valence trials (following the MID structure), 

incentive valence (e.g., reward/neutral) was signaled by the cue color, while in the 

target-valence trials (following the SRA structure), valence was signaled by target 

color. Targets had to be approached (i.e., push) or avoided (i.e., pull) depending on 

their orientation. The upper panel shows an example of an approach trial, the 

lower panel displays an avoid trial. Response-congruent movement of the manikin 

followed directly upon response (as indicated by the dotted arrow), and optionally, 

a feedback screen indicated whether the performance was correct and in-time and 

whether money was won/maintained. 

 

  The second empirical chapter (chapter 3 of this dissertation) 

aims at investigating interactions between preparatory and incidental 

incentive valence signals using an intuitive approach/avoidance 

manipulation. To this end, we combined a cued MID paradigm with 

an approach/avoidance joystick task. The available incentive types 

(reward/punishment) were manipulated between-subjects, in that 

one group could win money for correct and in-time responses after 

the valence cues, while the other group avoided losing money with 

correct and in-time responses after valence cues. Moreover, similar 

to chapter 2, this paradigm also entailed incidental (irrelevant) 

valence signals bound to the targets (following the SRA structure). To 

preview the results, we found that preparatory valence signals (cues) 

induced global behavioral facilitation, while incidental valence signals 

(targets) triggered an approach bias, regardless of absolute valence 

(reward/punishment). This latter finding was rather unexpected 

considering previous observations of differential valence-action 

biases (approach-win and avoid-punish; e.g., Guitart-Masip et al., 

2011). This discrepancy is likely explained by design differences 
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related to valence context and task relevance, which led to additional 

adaptations in the next chapter.  

The third empirical chapter (chapter 4 of this dissertation) is 

closely related to the previous chapter, and aimed to directly 

compare the effects of preparatory and immediate incentive valence 

signals in an approach/avoidance task using matched within-subject 

manipulations. Most importantly, preparatory and immediate 

valence signals were both relevant with regard to obtaining reward 

or avoiding punishments. To briefly preempt the results, in a series of 

three experiments, we replicated the global response facilitation 

elicited by preparatory valence signals (cues), and again found 

performance benefits/impairments triggered by immediate valence 

signals (targets). In contrast to chapter 3, this latter effect was 

indicative of ‘signed’ valence-action biases, with performance 

benefits for approach-reward and avoid-punishment trials. The 

observation that these biases were exclusive for the target-bound 

incentive manipulation suggests that advance preparation 

counteracts inherent mapping between valence and action in favor of 

the task goal.  

As already discussed, most of previous studies employing an 

approach/avoidance response dimension focused on the effects of 

emotional valence instead of incentive valence information. In order 

to relate our differential findings for cue-based (MID) versus target-

based (SRA) valence signals back to the emotional domain, the fourth 

empirical chapter (chapter 5 of this dissertation) aimed to explore the 

effects of preparatory and immediate EMOTIONAL valence signals in 

an approach/avoidance task. To mirror our previous incentive 

approach/avoidance paradigms, the employed paradigms featured 
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symbolic associations with emotional valence. Specifically, emotional 

valence (positive/neutral) was merely signaled by cue/target stimuli 

features before response execution, while the emotional stimulus 

itself was only presented after correct and in-time responses. To 

preview the results, we observed an approach bias for both 

preparatory (cues) and immediate (targets) emotional valence 

signals, which is interesting for two main reasons. First, in contrast to 

previous work in which participants directly responded to positive 

stimuli, the bias was now triggered by the mere prospect of positive 

emotional valence. Second, in contrast to our findings in the previous 

chapter (monetary incentives), the emotional valence-action bias was 

preserved in a setting that should promoted more controlled and 

strategic processes (Chiew & Braver, 2016; Krebs & Woldorff, 2017). 

This dissociation between incentive and emotional valence 

manipulations may be due to fundamental (paradigmatic) differences 

in that responses to emotional valence are more or less fixed already 

early in development, rendering them more stable and less sensitive 

to cognitive control modulations. In contrast, monetary valence 

associations are formed later in life and are more variable, with a 

strong goal-directed nature that promotes cognitive control. 

  After the empirical chapters, the general discussion 

(chapter 6 of this dissertation) provides a brief recap of the results of 

all preceding chapters and aims to relate the present findings to each 

other and previous literature, and highlights their potential value for 

more applied contexts.  

  The last chapters (chapter 7 and chapter 8 of this 

dissertation) summarize the most important findings in English and 

Dutch, respectively. 
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The approach/avoidance task vs. the Go/NoGo and Stop-signal task  

In order to study the impact of preparatory and immediate 

valence signals on natural response tendencies (chapter 3, 4 and 5 of 

this dissertation), we could also have chosen for other experimental 

paradigms, such as the frequently used Go/NoGo (e.g., Guitart-Masip 

et al., 2011, 2012; Richter et al., 2014) or the Stop-signals task (e.g., 

Boehler, Schevernels, Hopf, Stoppel, & Krebs, 2014; Schevernels et 

al., 2015). However, we consider the approach/avoidance task the 

most suitable framework for studying our research questions, as it 

has three major advantages. First, the approach/avoidance task 

provides response time and accuracy measures in all trials, while the 

Go/NoGo task only yields response time measures in Go trials, and 

the Stop-signal task provides an indirectly calculated measure of 

stopping time (Verbruggen et al., 2019). This is especially important 

with respect to potential trade-offs between speed and accuracy 

induced by incentive valence signals. Second, both of these 

alternative tasks are typically featuring different trial probabilities, 

with a high proportion of Go trials and low proportions of NoGo and 

Stop trials. While these asymmetries are beneficial to study inhibitory 

control, in that they induce a strong bias for response execution, they 

are undesirable for our research questions. In contrast, in the 

approach/avoidance task, both response types are (and have to be) 

equally probable and also the reward contingency for both trial types 

is exactly the same, thereby preventing for strategic prioritization of 

a certain response. Finally, and related to the first point, the 

approach/avoidance task requires a response in every trial. This is 

especially important with regard to the cuing manipulation in that 

cued NoGo trials may not lead to (any) preparation or task 
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engagement (see Schevernels, Bombeke, Krebs, & Boehler, 2016), 

which would seem to put them in an exceptional position within the 

task context. 
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CHAPTER 2 

THE INTERPLAY BETWEEN PREPARATORY AND INCIDENTAL 

INCENTIVE VALENCE SIGNALS 

Motivational signals like monetary incentives are known to have a 

strong impact on human behavior. In addition to well-known 

performance benefits induced by preparatory incentive valence cues, 

more recent work has highlighted that incidental (irrelevant) valence 

features can influence task performance as well. Here, we aimed to 

explore interactions between reward cues (triggering goal-directed, 

preparatory processes) and incidental reward-associated features 

(capturing attention regardless of the task goal). We conducted three 

experiments in which participants were presented with color cues 

signaling reward or no-reward valence outcomes (Cue valence) in a 

trial-by-trial fashion. In addition, target stimuli could feature reward 

or no-reward colors but were never predictive of actual outcomes 

(Target valence association). In a visual discrimination task 

(Experiment 1), we only found anecdotal evidence for an effect of cue 

and target valence, potentially due to a global attentional facilitation 

in this fairly easy task. In a more difficult conflict task (Experiment 2), 

reward cues improved performance in terms of overall speed and 

reduction of interference. Finally, when adding a direct overlap 

between the valence and response dimension (Experiment 3), we 

observed response speeding when both cue and target were drawn in 

reward colors (in the absence of conflict), and more response errors 

when the distractor was drawn in the reward color, while the target 
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was not. Together, these data provide evidence for an influence of 

incidental reward signals embedded in a reward cuing paradigm. 

Specifically, irrelevant target valence features can amplify 

preparatory reward-cuing effects when valence and response 

dimension overlap, and impair performance when they occur as 

salient distractors in a no-reward trial, i.e., when preparatory 

attention is low. 
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Introduction 

  Motivational factors are important in shaping and guiding 

human behavior (Kubanek, Snyder, & Abrams, 2015; Skinner, 1984), 

and are therefore extensively studied in experimental psychology. 

Across a wide range of cognitive tasks, it has been shown that reward 

prospect (in the form of monetary incentives) improves performance, 

both in terms of response speed and accuracy (reviewed in Braver et 

al., 2014). The most prominent paradigm to study incentive-based 

effects is the Monetary Incentive Delay (MID) task, in which advance 

cues signal the prospect of rewarding outcomes upon correct (and in-

time) responses to upcoming targets (e.g., Knutson & Cooper, 2005; 

Knutson, Westdorp, Kaiser, & Hommer, 2000; Novak & Foti, 2015; 

Zhang, Li, Wang, Liu, & Zheng, 2017). Performance improvements in 

this task are thought to arise due to preparatory control mechanisms 

in anticipation of the target. Depending on the task at hand, these 

can for instance involve increased attentional allocation (e.g., 

Engelmann, Damaraju, Padmala, & Pessoa, 2009; Engelmann & 

Pessoa, 2007; Krebs, Boehler, Roberts, Song, & Woldorff, 2012) or 

the reduction of interference in a conflict task (e.g., Padmala & 

Pessoa, 2011; Van Den Berg, Krebs, Lorist, & Woldorff, 2014). 

  More recently, another line of studies has shown that 

associating targets with reward-related features can have similar 

beneficial effects on performance (e.g., Krebs, Boehler, Egner, & 

Woldorff, 2011; Krebs, Boehler, & Woldorff, 2010). However, given 

the trial structure (no advance cues), these effects cannot be 

attributed to preparatory control, but likely arise due to immediate 

control processes or low-level attentional capture by salient reward-

related features. Support for a rather low-level effect of reward-
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associated targets comes from studies showing that even incidental 

(irrelevant) reward features can affect task performance, which can 

be beneficial if the feature is in line with the task goal, but also 

detrimental (Krebs, Hopf, & Boehler, 2015; Krebs & Woldorff, 2017). 

Specifically, it has been shown that reward-related features can 

misguide participants’ attention away from targets in visual search 

(Anderson, Laurent, & Yantis, 2011; Hickey, Chelazzi, & Theeuwes, 

2010; Sali, Anderson, & Yantis, 2014) or increase interference in 

conflict tasks (Krebs et al., 2010; Wang et al., 2018). Of note, in the 

visual attention paradigms, reward-related features were typically 

entirely irrelevant with respect to the task goal, while in the conflict 

paradigms, they were partly overlapping with the task goal, which 

hinders a clear differentiation between immediate goal-directed 

control processes and low-level effects of reward-related features.    

  Despite the partly overlapping effects on task performance, 

reward cuing paradigms (associated with preparatory control) and 

more incidental target manipulations (associated with immediate 

control or low-level effects) have to this date only been employed in 

isolation. In the present study we aimed to explore the potential 

interplay between preparatory and incidental reward signals by 

manipulating both reward prospect (referred to as Cue valence) and 

incidental reward features (referred to as Target valence association) 

in a trial-by-trial fashion within the same paradigm. In a first step, we 

employed a fairly simple visual discrimination task (Experiment 1) in 

order to test for global additive effects of preparatory and incidental 

valence signals based on the idea that even irrelevant reward 

features capture attention - and that this should further amplify 

preparatory cuing effects in a task in which the reward feature is part 
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of the target and not a distractor. Alternatively, it is possible that 

incidental valence features at the moment of the target would lead 

to a processing bottleneck (Sigman & Dehaene, 2006) in that there 

are multiple sources of salient information within one trial (and only 

one of them is relevant). To briefly preempt the results, we found 

anecdotal evidence for an additive effect of Cue valence and Target 

valence association. In a next step, we tested whether this pattern 

would be amplified in a more demanding task context that may leave 

more room for differential attentional allocation. To this end, we 

employed the same cue and target manipulations in a conflict 

paradigm that featured no-conflict and conflict trials (Experiment 2). 

Here, we found robust cue valence effects, and some evidence for an 

interplay between cue and target valence signals, which seemed to 

point in the direction of a processing bottleneck. In the final 

experiment, participants now had to directly respond to the actual 

target color, and targets were surrounded by a distractor stimulus 

that could be in the same or opposite color (Experiment 3). In this 

paradigm, we observed response speeding if both cue and target 

featured the reward color (and in the absence of response conflict), 

and increased error rates if the distractor featured the reward color 

while the target did not. 

 

Methods Experiment 1 

  Participants. 24 participants took part in the first experiment. 

Data from one participant (female) were excluded from the data 

analyses because of a high percentage of misses (i.e., exceeding the 

range of ten percent). The remaining 23 participants (20 females) 

were between 18-33 years old (mean age ± SD, 22.9 ± 3.7), and all 
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achieved average error rates within the range of three standard 

deviations (SDs) from the group mean. The initial inclusion criteria 

were age between 18 and 35 years, right-handedness, normal color 

perception, normal or corrected-to-normal vision, and no (history of) 

diagnosed mental disorders. Participants received ten euro as base 

reimbursement for approximately 60 minutes plus an average bonus 

of 5.01 euro. 

   

  Paradigm and procedure. Participants performed a visual 

discrimination task in which they could obtain monetary incentives in 

half of the trials (Fig. 1). Participants were instructed to maintain 

their focus on a small white fixation cross that was preserved on a 

black screen throughout the experiment. Each trial started with the 

presentation of a colored cue (square, 500 ms), which was followed 

by a colored dashed circular target (100 ms) after a variable interval 

(stimulus onset asynchrony (SOA) = 2000-10000 ms; average 3350 

ms). Participants had to indicate which gap in the circle is bigger (left 

or right) by pressing the left or right arrow button on the keyboard. If 

the color of the advance cue was predictive of win outcomes, 

participants won 0.03 € for correct and in-time (max. 1200 ms) 

responses. In case the cue was colored in a no-reward or neutral 

color, no money could be earned, regardless of the participants’ 

performance. Participants were explicitly instructed regarding the 

color-reward mappings. Targets could be colored in the reward color, 

the no-reward color, or a third neutral color. However, target color 

was entirely irrelevant and never predictive of reward. Reward and 

no-reward (-associated) colors were counterbalanced across 

participants and could be blue (RGB = 0, 130, 255) or pink (RGB = 230, 
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10, 200), while the neutral color was consistently grey (RGB = 129, 

129, 129). The next trial was presented after a variable interval (SOA 

= 2000-10000 ms; average 3350 ms). Note that the pseudo-

exponential SOA between cue and target, and between target and 

the next cue was chosen based on the initial goal to extend one of 

the experiments with functional magnetic-resonance imaging (fMRI) 

at a later stage.  

To get familiar with the experiment and the different cue 

meanings, participants started with a short training sequence of 10 

trials. Next, three experimental blocks of 120 trials were performed, 

which were separated by short breaks. During these breaks (and at 

the end of the experiment), participants were informed about their 

overall accuracy and the total amount of money earned so far. The 

reported accuracy was between five and ten percent below the 

actual obtained accuracy in order to keep participants motivated in 

this relatively easy task. The number of trials were equally distributed 

over 6 conditions (60 trials each). Conditions were formed by 

combinations of Cue valence (cue color) and Target valence 

association (target color). Cue colors signaled reward/no-reward 

prospect, Target colors could be reward/no-reward/neutral-

associated. Importantly, only the cue color was actually predictive of 

reward/no-reward prospect, while target color was entirely irrelevant 

with respect to obtaining rewards. This information was made 
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explicit to the participants before the experiment.  

 

Figure 1. Schematic depiction of the trials in Experiment 1. Each trial started with the presentation of a 

rectangle-shaped cue, the color (blue/pink) of which predicted whether correct and in-time responses 

were followed by a reward (reward/no-reward). After a random interval, participants responded to the 

subsequent target stimulus by indicating whether the left or right gap was biggest. The targets could be 

drawn in the reward/no-reward color (blue/pink) or in a neutral color (grey). The correct response is 

illustrated on the right.  

 

  Data analyses. The data were cleaned from trials with response 

times smaller than 150 ms as these were considered to reflect 

premature and involuntary responses. Subsequently, RTs (correct 

trials only) and error rates (in-time responses) were submitted to a 2 

x 3 repeated-measures analysis of variance (rANOVA) with factors 

Cue valence (reward/no-reward) and Target valence association 

(reward/no-reward/neutral). We also repeated the analysis without 
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neutral target valence trials (2 x 2 rANOVA) due to their special status 

in terms of low feature probability. Specifically, since the neutral 

color could only occur in targets it is significantly less frequent than 

the other colors, and could in turn induce an oddball effect. The p-

values of post-hoc contrasts were corrected for multiple comparisons 

with Bonferroni corrections. Please note that the effect size Cohen’s 

d reported for the post-hoc contrasts does not correct for multiple 

comparisons.  

 

Results Experiment 1 

  Response times. Mean response times are depicted in Figure 

2a. Participants’ responses were equally fast for the different types of 

cues (p > .3), as well as for the different types of targets (p > .1). The 

interaction between Cue valence and Target valence association was 

not significant (p > .3). However, in terms of numbers, trials that 

featured both reward cues and reward-associated targets were 

fastest, indicative of an additive effect. The analysis without neutral 

targets (which was motivated based on low feature probability) 

revealed a very similar pattern with no significant main effects or 

interactions (all p > .1).  

 

  Error rates. Mean error rates are depicted in Figure 2b. No 

differences were observed between the different cue and target 

types, neither in the full analysis (all p > .3), nor in the analysis 

without neutral trials (all p > .3). 
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Figure 2. Response times (A) and error rates (B) corresponding to the reward (left) and no-reward (right) 

cues for the different types of valence-associated targets (reward/neutral/no-reward) in Experiment 1. 

Error bars indicate ± one within-subject standard error (Cousineau, 2005). 

 

Interim summary Experiment 1 

In terms of numbers, the response time data show some 

indication for an interplay between preparatory and incidental 

valence signals, with fastest responses if both cues and targets 

carried valence information. In this task context, it is however unclear 

whether this indexes facilitation based on color repetition, or an 

actual interplay between preparatory and incidental valence signals. 

In any case, this pattern was only observed numerically, which could 

be due to a global attentional facilitation across all trials in this fairly 

easy task. Hence, in an attempt to make the task context more 

demanding and thus leave more room for differential allocation of 

attention, we adopted our valence manipulations to a conflict 

paradigm. 
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Methods Experiment 2 

  Participants. 27 participants took part in Experiment 2. Data 

from one participant (female) were excluded from the data analyses 

because of a high percentage of misses (i.e., exceeding the range of 

ten percent). The remaining 26 participants (14 females) were 

between 18-32 years old (mean age ± SD, 23.2 ± 3.3), and all 

achieved average error rates within the range of three SDs from the 

group mean. The identical inclusion criteria were applied as in 

Experiment 1. Participants received ten euro as base reimbursement 

for approximately 60 minutes plus an average bonus of 4.74 euro.  

 

  Paradigm and procedure. Participants performed a rewarded 

version of the counting Stroop paradigm (Bush et al., 1998; Bush, 

Whalen, Shin, & Rauch, 2006; Fig. 3). Participants were instructed to 

maintain their focus on a small white fixation cross that was 

presented on a black screen throughout the experiment. Similar to 

Experiment 1, participants were first presented with a cue (square, 

500 ms) in one of two colors that was either linked to reward or no-

reward availability. Next, after a variable interval (SOA = 2000-8000 

ms; average 3000 ms), participants were presented with one or two 

words on the screen (500 ms) and instructed to report the number of 

words (one or two) by pressing the left or right arrow button, 

regardless of the actual word meaning (‘EEN’/‘TWEE’; meaning 

one/two). In contrast to Experiment 1, this experiment hence 

featured a conflict dimension, in that the written word meaning 

could be conflicting with the number of words on the screen (e.g., 

the word ‘EEN’ presented twice), or not (e.g., the word ‘TWEE’ 

presented twice). If the color of the advance cue was predictive of 
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reward outcomes, participants won 0.03 € for correct and in-time 

(max. 1200 ms) responses. In case the cue was colored in a no-

reward or neutral color, no money could be earned, regardless of the 

participants’ performance. Participants were explicitly instructed 

regarding the color-reward mappings. Again, target words could be 

colored in the reward color, the no-reward color, or a third neutral 

color. However, target color was entirely irrelevant and never 

predictive of reward. Reward, no-reward, and neutral colors were 

counterbalanced across participants and could be blue (RGB = 0, 130, 

255), pink (RGB = 230, 10, 200) or orange (RGB = 230, 75, 0). The next 

trial was presented after a variable interval (SOA = 2000-8000 ms; 

average 3000 ms). In contrast to Experiment 1, we asked participants 

to press a specific button after cue presentation to indicate whether 

they expected reward prospect, or another button if they expected 

no-reward (i.e., left/right arrow button corresponded to either 

reward or no-reward, this mapping was counterbalanced across 

participants). This was done to ensure that participants actively pay 

attention to the reward information and to emphasize that only cue 

color is relevant for obtaining rewards. We explicitly indicated that 

responses to cues were not time-limited, and that erroneous 

responses to cues were not impacting the amount of money that 

they could earn. Importantly, analyses revealed no significant 

difference in errors for responses to reward and no-reward cues (p > 

.4), making this paradigm choice unlikely to have (strongly) biased 

reward and no-reward conditions differently by, for instance, 

stronger slowing of responses to targets in no-reward than reward 

conditions (for a review on post-error slowing, see Notebaert et al. 

2009).  
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 After ten practice trials to get familiar with the experiment, 

participants performed three experimental blocks of 140 trials each, 

which were separated by short breaks. During these breaks (and at 

the end of the experiment), participants were informed about their 

overall accuracy and the total amount of money earned so far. The 

reported accuracy was between five and ten percent below the 

actually obtained accuracy in order to keep participants motivated. 

The number of trials was equally distributed over twelve conditions 

(35 trials each). Conditions were formed by combinations of Cue 

valence (cue color), Target valence association (target color), and 

Conflict (word meaning vs. amount of plotted words).  

 

  Data analyses. Like in Experiment 1, the data were cleaned 

from trials with response times smaller than 150 ms. The response 

times (correct trials only) and error rates (in-time responses) of the 

remaining data were submitted to a 2 x 3 x 2 rANOVA with factors 

Cue valence (reward/no-reward), Target valence association 

(reward/neutral/no-reward), and Conflict (conflict/no-conflict). 

Again, we repeated the analysis without the neutral target trials (2 x 

2 x 2 rANOVA, see Experiment 1). 
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Figure 3. Schematic depiction of the trials in Experiment 2. Again, each trial started 

with the presentation of a colored rectangle-shaped cue predicting whether correct 

and in-time responses would yield a reward (reward/no-reward; e.g., pink/blue). 

After a variable interval, participants were presented with targets consisting out of 

one or two number words which could be drawn in the reward or no-reward color, 

or in an independent third color (e.g., orange). The participants’ task was to 

indicate how many words were on the screen, while ignoring (possibly conflicting) 

word meanings. The correct response is illustrated on the right. 

 

Results experiment 2 

  Response times. Mean response times are depicted in Figure 

4a. We observed an expected main effect of Conflict with slower 

responses in conflict compared to no-conflict trials (F(1, 25) = 60.27, 

p < .001; η2p = .707). Further, a main effect of Cue valence reflected 

faster responses after reward compared to no-reward cues (F(1, 25) = 

32.07, p < .001; η2p = .562). These main effects were qualified by an 

interaction between Cue valence and Conflict (F(1, 25) = 5.82, p = 
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.023; η2p = .189) which signified a reduction of conflict effects in 

reward (F(1, 25) = 28.41, p < .001; η2p = .532) compared to neutral 

trials (F(1, 25) = 53.38, p < .001; η2p = .681). All remaining effects, 

including Target valence association, did not reach significance (all p 

> .1). The additional analysis without neutral trials (see Experiment 1) 

revealed main effects of Conflict (F(1, 25) = 38.38, p < .001; η2p = 

.606) and Cue valence (F(1, 25) = 24.95, p < .001; η2p = .499), but no 

other main effects or interactions (all p > 2). 

 

  Error rates. Mean error rates are depicted in Figure 4b. We 

observed an expected main effect of Conflict with higher error rates 

in conflict compared to no-conflict trials (F(1, 25) = 66.20, p < .001; 

η2p = .726). Further, there was a main effect of Target valence 

association (F(2, 50) = 9.13, p < .001; η2p = .267), which was further 

qualified by an interaction with Cue valence (F(2, 50) = 4.26, p = .020; 

η2p = .146), as well as by a trend for a 3-way interaction (Cue valence 

x target valence association x Conflict F(2, 50) = 2.59, p = .085; η2p = 

.094). When breaking down these complex interaction patterns, we 

found an interplay between cue and target reward signals in conflict 

trials (F(2, 50) = 4.41, p = .017; η2p = .150) but not in no-conflict trials 

(p > .2). More specifically, within the conflict dimension, performance 

in reward trials was more accurate for neutral than reward-

associated (t(25) = -3.71; pcorr = .003; d = -0.727) and no-reward-

associated targets (t(25) = -3.73; pcorr = .003; d = -0.732), while all 

target types elicited comparable performance in no-reward trials (all 

p > .1). The respective analysis without neutral trials (see Experiment 

1) revealed a main effect of Conflict (F(1, 25) = 63.31; p < .001; η2p = 

.717) and an interaction between Cue valence and Target valence 
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association (F(1, 25) = 6.66; p = .016; η2p = .210), but no 3-way 

interaction or other effects (all p > .3). This suggests that the higher-

order interaction with conflict described above was driven by neutral 

trials, which complicates the interpretation due to their special status 

(low feature probability). That said, when only considering reward 

and no-reward target conditions (which all have the same feature 

probability), we find a surprising but robust interaction between cue 

and target valence, with lower error rates after reward cues only if 

the target was not associated with reward (no-reward target < 

reward target), and the reversed pattern after no-reward cues 

(reward target < no-reward target). 
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Figure 4. Response times (A) and error rates (B) for conflict (left) and no-conflict 

(right) trials in Experiment 2. Within these plots, the left bars represent trials 

starting with reward cues, and the right bars the ones with no-reward cues for the 

different types of valence-associated targets (reward/neutral/no-reward). Error 

bars indicate ± one within-subject standard error. 

 

Interim summary experiment 2 

  In contrast to experiment 1, we now observed robust effects of 

reward cues, in that responses were generally faster in reward as 

compared to no-reward trials, accompanied by a reduction of 

interference. The error rate data revealed a somewhat unexpected 

interaction pattern in the conflict trials, with response facilitation for 

reward cues only if they were followed by targets that were neutral 
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(i.e., non-overlapping cue and target color), and response impairment 

if these cues were followed by reward targets (i.e., overlapping cue 

and target color). While we do not have a feasible explanation for 

this pattern, it is possible that it is related to a processing bottleneck 

in that both types of information are salient in the latter case. This is, 

however, in contrast to low-level (priming) effects that may be 

expected due to a repetition of a color (e.g., Kristjánsson & Campana, 

2010; Schacter & Buckner, 1998). While these observations provided 

first evidence for an interplay between cue-related and target-related 

reward signals, the pattern is not straightforward to interpret (and 

the 3-way interaction was only a trend). Hence, we changed the 

paradigm in two main ways: In Experiment 3, participants now had to 

directly respond to the actual target color (although it was still not 

predictive of reward at this moment). This overlap between valence 

and response dimension should amplify effects of target valence 

associations, which may lead to response priming if cue and target 

valence overlap. Moreover, the target display now included a 

distractor that could be drawn in the reward or no-reward color, 

which can increase interference if the distractor is not compatible 

with the target. With this set up, it is possible to test for cue-target 

response priming effects (which would result in response facilitation 

in no-conflict trials), and whether reward distractors would 

emphasize the marginal significant interaction pattern of Experiment 

2 (i.e., performance impairment in conflict trials featuring reward-

associated distractors). 
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Methods Experiment 3 

  Participants. Twenty-four participants took part in Experiment 

3. Data from one participant (male) were excluded from the data 

analyses because of error rates exceeding the range of three SDs 

from the group mean. The remaining participants (fifteen females) 

were between 20-33 years old (mean age ± SD, 23.2 ± 3.4). The 

identical inclusion criteria were applied as in Experiment 1 and 2. 

Participants received ten euro as base reimbursement for 

approximately 60 minutes plus an average bonus of 4.81 euro.  

 

  Paradigm and procedure. Participants performed a visual 

discrimination task in which target stimuli potentially contained 

conflicting information, and responses were overlapping with the 

valence (associated) dimensions in that participants had to 

discriminate target color. Responses in this experiment were again 

administered by means of keyboard button presses (i.e., left/right 

arrow button corresponded to either blue or pink, this mapping was 

counterbalanced across participants). Participants were instructed to 

maintain their focus on a small white fixation cross that was 

maintained on a black screen throughout the experiment (Fig. 5). 

Each trial started with presentation of a cue (square, 200 ms) plotted 

in one of two colors that was either linked to reward or no-reward 

availability. Next, after a variable interval between 500-1500 ms after 

cue offset, participants were presented with a target stimulus 

consisting out of two colored overlapping circular stimuli (200 ms) of 

which they were required to report the color of the inner circle. As 

such, target stimuli could present participants with conflict 

information if the inner and outer circle were colored differently, or 
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with no-conflict information in case these were printed in the 

identical color. Independently of the cue colors, the target stimuli 

were colored in a reward- or no-reward-associated color, and were 

again completely task-irrelevant with regard to earning monetary 

bonuses. There were no neutral trials occurring with lower 

probabilities in this experiment, which should help to prevent for 

novelty/oddball phenomena (Barcelo, Escera, Corral, & Periáñez, 

2006; Parmentier, Elford, Escera, Andrés, & Miguel, 2008). By correct 

and in-time indication (max. 1200 ms) of the inner circle color, 

participants won 0.02 € if the color of the proceeding cue was 

predictive of reward. In case the cue was colored in a no-reward or 

neutral color, no money could be earned in that specific trial, 

regardless of the participants’ performance. Color meanings were 

counterbalanced across participants, and could be blue (RGB = 0, 

130, 255) or pink (RGB = 230, 10, 200). The next trial was presented 

after a variable interval between 1000-2000 ms after target onset.  

 After ten practice trials to get familiar with the experiment, 

participants performed three experimental blocks of 160 trials each, 

which were separated by short breaks. During these breaks (and at 

the end of the experiment), participants were informed about their 

overall accuracy and the total amount of money earned so far. The 

reported accuracy was between five and ten percent below the real 

obtained accuracy in order to keep participants motivated. The 

number of trials was equally distributed over eight conditions (60 

trials each). Conditions were formed by combinations of Cue valence 

(cue color), Target valence association (target color), and Conflict 

(conflict/no-conflict).  
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  Data analyses. Like in all previous experiments, the data were 

first cleaned from trials with RTs smaller than 150 ms. The response 

times (correct trials only) and error rates (in-time responses) of the 

remaining data were submitted to a 2 x 3 x 2 rANOVA with factors 

Cue valence (reward/no-reward), Target valence association 

(reward/no-reward), and Conflict (conflict/no-conflict). 

 

 
Figure 5. Schematic depiction of the trials in Experiment 3. Trials started with the 

presentation of a colored cue that predicted the availability of potential rewards 

for correct and in-time responses (reward/no-reward; e.g., pink/blue). After a 

variable interval, targets appeared that consisted of two colored circles, and 

required participants to respond to the color of the inner circle. The outer circle 

could be drawn in the same or opposite color and was meant to be ignored. The 

correct response is illustrated on the right.  
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Results Experiment 3 

  Response times. Mean response times are depicted in Figure 

6a. We observed a common main effect of Conflict in that responses 

were slower in conflict compared to no-conflict trials (F(1, 22) = 

23.86, p = < .001; η2p = .520). Further, there was a trend for a main 

effect of Cue valence with faster responses in reward compared to 

no-reward trials (F(1, 22) = 3.20, p = .088; η2p = .127). These effects 

(and trends) were qualified by a significant three-way interaction 

between Cue valence, Target valence association, and Conflict (F(1, 

22) = 7.87, p = .010; η2p = .264), which indexed an interaction 

between Cue valence and Target valence association in no-conflict 

trials (F(1, 22) = 6.46, p = .019; η2p = .227), but not in conflict trials (p 

> .2). Post-hoc contrasts revealed that reward cues as compared to 

no-reward cues facilitated responses if followed by reward-

associated targets in the no-conflict condition (t(22) = -3.08, p = .005; 

d = -0.643), while none of the remaining contrasts was significant (all 

p > .2).  

 

  Error rates. Mean error rates are depicted in Figure 6b. Again, a 

main effect of Conflict was observed with higher error rates in 

conflict as compared to no-conflict trials (F(1, 22) = 6.73, p = .017; 

η2p = .234). A marginal significant three-way interaction between 

Cue valence, Target valence association, and Conflict (F(1, 22) = 4.28, 

p = .050; η2p = .163) reflected a different pattern than in the 

response time data, with a significant interaction between Cue 

valence and Target valence association in the conflict trials (F(1, 22) = 

6.24, p = .020; η2p = .221), but not in the no-conflict trials (F(1, 22) = 

0.01, p = .923; η2p < .001). Post-hoc contrasts revealed that reward 
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cues as compared to no-reward cues improved performance if 

followed by no-reward-associated targets in the conflict condition 

(t(22) = -2.57, p = .017; d = -0.536), while none of the remaining 

contrasts was significant (all p > .3). 

 

Figure 6. Response times (A) and error rates (B) for conflict (left) and no-conflict 

(right) trials in Experiment 3. Within these plots, the left bars represent trials 

starting with reward cues, and the right bars the ones with no-reward cues for the 

different types of valence-associated targets (reward/neutral/no-reward). Error 

bars indicate ± one within-subject standard error.  
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Interim summary Experiment 3 

  We observed faster responses in trials containing both reward 

cues and reward-associated targets, consistent with our hypothesis 

that reward cues can act as response primes if the reward color and 

response dimension overlap. Importantly, the differential speeding in 

this condition only occurred in the absence of actual response 

conflict. The pattern in conflict trials was different, in that we 

observed increased error rates in only one condition, i.e., when there 

was no reward information in any of the trial events. This can be 

easily explained by the fact that in these trials, the actual target is of 

low saliency (no-reward), while the distractor is of high saliency 

(reward color) but per definition not in line with the task goal at this 

moment. Together, this study provides evidence for facilitatory and 

detrimental effects of incidental, irrelevant reward features - 

depending on whether they are in line with the task goal or not. 

 

Discussion 

  We conducted a series of three experiments to explore the 

interplay between preparatory (induced by cues) and incidental 

(bound to targets) incentive valence signals within one paradigm. In 

the first experiment, we only found anecdotal evidence for an 

interplay between cue and target valence manipulations, with fastest 

responses in trials in which reward cues were followed by reward-

associated targets. This could be considered as an additive effect (in 

contrast to a processing bottleneck), in line with our first hypothesis. 

However, the pattern was not significant, which could be due to a 

global attentional facilitation across all trials (including no-reward 
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ones), which can be considered an efficient strategy to maximize 

incentive outcomes in this fairly easy task.  

  In a next step, we hence employed the same cue and target 

manipulations in a conflict task featuring trials with high and low 

cognitive demands (conflict vs. no-conflict), based on the idea that 

such a task context would promote a more variable allocation of 

attentional resources. Here, we found performance facilitation 

induced by reward cues, with overall speeding and a reduction of 

interference, which is a replication of earlier studies employing 

reward cues in a conflict paradigm (e.g., Padmala & Pessoa, 2011; 

Van Den Berg et al., 2014; Veling & Aarts, 2010). Moreover, there 

was an interaction between cue and target valence, with reduced 

error rates when cue and target valence did not overlap. This is an 

interesting but counterintuitive pattern in that we predicted additive 

effects of the two valence signals. Here, it seemed that the additional 

valence signal at the moment of the target may have simply 

distracted participants or led to a processing bottleneck (Sigman & 

Dehaene, 2006). The latter explanation seems feasible given that the 

pattern was mainly driven by conflict trials which are already more 

demanding. That said, these interaction patterns were restricted to 

response accuracy and were not very robust statistically.  

  In order to formulate clearer predictions with regard to 

potential facilitation based on valence feature repetition (which we 

numerically observed in Experiment 1) and distracting effects of 

incidental valence features (for which there was an indication in 

Experiment 2), we changed the paradigm in two main ways: 

participants now had to response to target color (thereby creating 

actual overlap between valence and response dimensions), and the 
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target was surrounded by an irrelevant stimulus that could be drawn 

in the same or opposite color (thereby creating a direct conflict 

between reward and no-reward colors). In this third experiment, we 

found robust evidence for response speeding when both cue and 

target featured the reward color when there was no response 

conflict. This is in line with the anecdotal evidence in experiment 1, 

which makes us believe that the direct overlap between valence and 

response dimensions amplified this additive effect. Specifically, in the 

last experiment, a repetition of the reward color in the cue may have 

resulted in direct response priming (Tapia, Breitmeyer, & Shooner, 

2010; Welsh & Elliott, 2005).  

  Finally, we saw performance impairment in terms of increased 

error rates when the distractor stimulus was drawn in a reward color, 

which is in line with previous distracting effects of reward-related 

stimuli (Anderson et al., 2011; Hickey et al., 2010; Sali et al., 2014). 

More specifically, in earlier work it was found that irrelevant 

distractor words in the color-naming Stroop task increased 

interference if they were associated with an actual valence color 

(Krebs et al., 2010, 2011). In the present experiment, this increased 

interference was most likely to result from a prepotent response 

activation based on the salient distractor color - similar to the fairly 

automatic response capture by written words that underlies the 

common Stroop effect (Steinhauser & Hübner, 2009). 

Together, the results of the last experiment show that 

incidental reward features can facilitate performance if they are in 

line with the current tasks goal (here, overlapping with the required 

response) and impair performance if they are not in line with the 

current task goal (here, activating the opposite response). As such, 
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the study replicates previous findings with a different design that 

features both reward cues and incidental target reward features. 

Revisiting the results of Experiment 2 in the light of Experiment 3, the 

error rate pattern, i.e., higher error rates for trials in which cue and 

target valence did overlap, seems even more counterintuitive. 

However, given that there was no direct overlap between valence 

and response dimension, and that counting Stroop targets are more 

complex, what may have happened here is that participants 

perceived some sort of conceptual conflict between different valence 

signals (in contrast to attentional or response priming which may play 

a role in Experiments 1 and 3).  

Although the observations of the third experiment are 

interesting, the study (and hence its interpretation) has a major 

limitation. Specifically, in conflict trials, the distractor was not only 

always of the opposite color with respect to the target, but also per 

definition opposite to the actual valence cue (reward vs. no-reward). 

This means that the increased interference due to the salient valence 

distractor could only be assessed in no-reward trials. In these trials, 

preparatory attention is assumed to be low (e.g., Krebs et al., 2012; 

Schevernels, Krebs, Santens, Woldorff, & Boehler, 2014), and we can 

hence not know whether participants make more errors because 

they are less attentive or because the distractor is more salient. A 

solution for future studies would be to have at least two reward and 

two no reward colors, so that interference effects of incidental 

features can be observed in both reward and no-reward trials, where 

attention is supposedly high and low, respectively.  

In the context of the PhD dissertation, we consider the results 

of the above experiments as a pilot study that has guided us with 
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respect to general design choices in the following two chapters. To 

briefly preempt, we are employing paradigms in which responses are 

always non-overlapping with the valence dimension to avoid direct 

response-feature priming. Moreover, we use joystick movements and 

include a negative valence condition to formulate more specific 

hypotheses with regard to the impact of preparatory and incidental 

valence signals in that approach and avoidance movements are 

naturally associated with positive and negative valence, respectively. 

Finally, we implement dynamic adjustments of the response deadline 

based on individual performance. This is thought to equalize not only 

reward probability across participants, but also reduce trade-offs 

between speed and accuracy (Cornsweet, 1962). 

 

Conclusion 

  In a set of three visual discrimination experiments we saw some 

indication for an interplay between reward cuing effects and reward-

associated targets. Especially in the third experiment, which featured 

a direct overlap between the valence and response dimension, we 

found an additive effect of reward and target valence in the form of 

response speeding in no-conflict trials, and increased error rates in 

conflict trials if distractors were drawn in the reward color. 

Irrespective of several design limitations, these data provide 

evidence for an influence of incidental reward signals embedded in 

reward cuing paradigms.  
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CHAPTER 3 

INTERACTIONS BETWEEN INCENTIVE VALENCE AND ACTION 

INFORMATION IN A CUED APPROACH-AVOIDANCE TASK * 

Environmental stimuli can provoke specific response tendencies 

depending on their incentive valence. While some studies report 

positive-approach and negative-avoidance biases, others find no such 

mappings. To further illuminate the relationship between incentive 

valence and action requirement, we combined a cued monetary 

incentive paradigm with an approach/avoidance joystick task. 

Incentive type was manipulated between groups: The reward group 

won money, while the punishment group avoided losing money for 

correct and fast responses to targets following incentive cues. 

Depending on their orientations, targets had to be ‘approached’ or 

‘avoided’. Importantly, incentive valence (signaled by cue color) was 

orthogonal to action requirement (target orientation). Moreover, 

targets could carry valence-associated information or not (target 

color), which was, however, task-irrelevant. First, we observed that 

both valence cues (reward/punishment) improved performance 

compared to neutral cues, independent of the required action 

(approach/avoid), suggesting that advance valence cues do not 

necessarily produce specific action biases. Second, task-irrelevant 

valence associations with targets promoted action biases, with 

valence-associated targets facilitating approach and impairing avoid 

responses. Importantly, this approach bias for valence-associated 

targets was observed in both groups and hence occurred 

independently of absolute valence (‘unsigned’). This rather 
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unexpected finding might be related to the absence of a direct 

contrast between positive valence and negative valence within groups 

and the common goal to respond fast and accurately in all incentive 

trials. Together, our results seem to challenge the notion that 

monetary incentives trigger ‘hard-wired’ valence–action biases in that 

specific design choices seem to modulate the presence and/or 

direction of valence–action biases. 

 

* Hoofs, V., Carsten, T., Boehler, C. N., & Krebs, R. M. (2018). 

Interactions between incentive valence and action information in a 

cued approach–avoidance task. Psychological Research, 1–13. 

http://doi.org/10.1007/s00426-018-0975-x 
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Introduction 

  To make optimal decisions when facing several possible courses 

of action, people have to recognize environmental stimuli as positive 

or negative, and to decide how to respond to them appropriately. 

Theoretical accounts assume that at least two systems are involved in 

the regulation of behavior in response to different kinds of stimuli 

(e.g., Konorski, 1967; Thayer, 1989). Specifically, the so-called 

Behavioral Activation System would be concerned with approaching 

appetitive stimuli, whereas the Behavioral Inhibition System deals 

with withdrawal or avoidance of aversive stimuli (Carver & Scheier, 

1998; Gray, 1990). As such, these two systems are assumed to induce 

behavioral facilitation when a person is required to either approach 

positive stimuli, or avoid negative stimuli.  

 In previous studies, it was already shown that natural valence–

action biases can be probed in an experimental context by 

manipulating the attractiveness of stimuli (i.e., valence) and action 

requirement in an orthogonal fashion. For instance, in an early 

behavioral study, participants were faster when they were instructed 

to either pull cards with a positive word meaning towards them or to 

push cards with a negative word meaning away. In contrast, 

participants were slower when being instructed to pull negative cards 

towards them or to push positive cards away (Solarz, 1960). These 

valence–action biases for stimuli with an inherent emotional content 

are considered to reflect fairly automatic, hard-wired motivational 

tendencies, which have proven beneficial for survival (Bargh & 

Chartrand, 1999; Zajonc, 1980).  
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 To date, numerous studies have described similar biases using 

inherent emotional content in animated approach/avoidance 

computer tasks (Chen & Bargh, 1999; Krieglmeyer, Deutsch, De 

Houwer, & De Raedt, 2010; Phaf, Mohr, Rotteveel, & Wicherts, 2014; 

Seibt, Neumann, Nussinson, & Strack, 2008). For example, in a set of 

experiments conducted by Krieglmeyer et al. (2010), participants 

responded to a central emotion word by moving a manikin 

(representing the ‘self’) up and down on the screen using two 

separate buttons. In one block, positive words required upward 

movements and negative words required downward movements, 

while the reversed mapping was applied in the other block. In 

addition, the initial location of the manikin changed from trial to trial 

(below or above the word), so that the approach/avoidance 

dimension could be dissociated from the physical movement 

direction. In brief, the authors found valence–action biases, i.e., 

faster distance decreases between the imagined self and positive 

words when approaching these, and faster distance increases when 

avoiding negative words. Interestingly, these compatibility effects 

were observed regardless of the initial manikin location and physical 

movement direction (i.e., arm flexion or extension), which suggests a 

fairly automatic activation of approach and avoidance action codes 

for inherently positive and negative events, respectively (Krieglmeyer 

et al., 2010; Markman & Brendl, 2005).  

 In addition to these studies which applied inherent emotional 

content, an independent, but clearly related line of research and 

theorizing has described similar valence–action biases in the context 

of reinforcement learning, considering both Pavlovian and 

instrumental learning (Dayan, Niv, Seymour, & Daw, 2006; Geurts, 
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Huys, Den Ouden, & Cools, 2013; Huys et al., 2010). While the 

observed biases for stimuli with newly acquired valence are very 

similar to the ones found for inherently emotional stimulus material, 

this research focuses on how these associations have been 

established or learned in the first place. One important observation is 

that over-learned, automatic Pavlovian responses to appetitive and 

aversive stimuli can interfere with or overrule instrumental action-

outcome contingencies (Bouton, 1993, 2007; Guitart-Masip, Duzel, 

Dolan, & Dayan, 2014), which highlights that once established, 

valence–action associations are hard to overcome—just like the ones 

observed for inherent emotional material.  

 Other studies demonstrated the occurrence of valence–action 

biases when using monetary incentives (reward and punishment) as 

appetitive and aversive events (Freeman, Razhas, & Aron, 2014; 

Guitart-Masip et al., 2012; Huys et al., 2011; Wagenbreth et al., 

2015). For example, Guitart-Masip et al. (2012) developed a Go/noGo 

paradigm in which participants learned to associate different cues 

(fractal images) with certain combinations of incentive valence 

(reward vs. punishment) and actions (Go vs. noGo) in a trial-and-error 

fashion. Importantly, these mappings could be compatible or 

incompatible with ‘natural’ valence–action biases (Go response to 

win money/noGo response to avoid losing money vs. noGo response 

to win money/Go response to avoid losing money). In this paradigm, 

significantly increased accuracy rates were observed for compatible 

responses (Go-to-win and noGo-to-avoid-losing) compared to 

incompatible ones (noGo-to-win and Go-to-avoid-losing), confirming 

that learned incentive value signals can produce similar valence–

action biases as emotional stimuli. Other studies which employed 
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similar versions of this Go/noGo paradigm to study the effects of 

action and valence also found such valence–action couplings. These 

studies report significantly higher accuracy rates for all possible 

compatible valence–action mappings (i.e., Go-to-win vs. Go-to-avoid-

losing and noGo-to-avoid-losing vs. noGoto-win; Richter et al., 2014), 

or at least for some selected compatible mappings (Cavanagh, 

Eisenberg, Guitart-Masip, Huys, & Frank, 2013; Guitart-Masip et al., 

2011). From the above observations, it could be concluded that 

valence and action dimensions are mutually dependent, with a fairly 

automatic tendency to approach reward-related and avoid 

punishment-related stimuli—which parallels approach/avoidance 

tendencies to emotional material. Interestingly, as a result of this 

mutual dependency, several studies aimed to influence subjective 

incentive valence towards specific unhealthy stimuli by instructing 

participants to perform an avoid response when being presented 

with such a stimulus (e.g., Becker, Jostmann, Wiers, & Holland, 2015; 

Kong et al., 2015).  

 In contrast to these observations, other studies have found no 

such biases, i.e., no difference in task performance between reward 

and punishment manipulations. For example, in a study employing a 

selective stop-change task performed by Verbruggen & McLaren 

(2016), which probes inhibitory control processes, no differences 

were observed in performance between a participant group that 

could earn rewards for correct task performance and one which 

could avoid losing money for incorrect performance. This finding 

seems rather inconsistent with the notion reported above of a 

natural mapping between reward-approach and punishment 

avoidance (cf. Guitart-Masip et al., 2012) , in that one would expect 
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that response inhibition would be facilitated in the context of 

negative valence (here, monetary loss), while response execution 

would be facilitated in the context of positive valence (here, 

monetary win). Earlier studies made a similar observation in the 

visual attention domain (Engelmann, Damaraju, Padmala, & Pessoa, 

2009; Engelmann & Pessoa, 2007; Small et al., 2005). Without going 

into much detail, these studies showed that both reward and 

punishment manipulations lead to similar performance 

improvements in the form of faster response execution in a forced 

choice task. Now, to relate these observations back to the before-

mentioned studies observing valence–action biases, we need to 

consider important paradigm differences, which might explain these 

diverging findings. One difference between studies reporting 

valence–action biases and those that do not is that reward and 

punishment information in the latter are not conveyed by unique 

stimuli, but in a contextual fashion (trial or block cues), which likely 

promotes a more controlled, strategic approach to maximize 

monetary incentives. Moreover, in the before-mentioned studies 

that did not observed clear valence–action biases (including 

Engelmann et al., 2009; Verbruggen & McLaren, 2016), response 

requirements were orthogonal to the valence information (involving 

neither clear approach nor avoidance behavior), which is in contrast 

to the fixed valence–action mappings that are often used in a 

reinforcement learning context. Related to this, valence information 

in the latter studies was merely instructed rather than learned over 

time. Finally, it is also possible that these studies failed to observe 

such biases, because the required action was a simple button press 

(or the inhibition of a button press), which might be considered as a 

relatively weak representation of approach/avoidance behavior.  



The interplay between preperatory and incidental valence signals    74 

 

   

 With the present study, we aimed to bridge between different 

types of paradigms to test under which circumstances putative 

valence–action biases can occur, thereby also illuminating the 

reasons for seemingly inconsistent findings of earlier studies. To do 

so, we employed a novel cued monetary incentive 

approach/avoidance task that manipulates valence and action in an 

orthogonal fashion. More specifically, we wanted to investigate 

whether valence–action biases can be observed when valence and 

action information were separated in time and provided in an 

orthogonal fashion while using an intuitive approach/avoidance 

manipulation (i.e., an animated joystick task) that closely matches 

studies in the emotion domain that observed robust valence–action 

biases (e.g., Krieglmeyer et al., 2010). A second, and more 

exploratory, aim of the present study was to test whether 

coincidental, but entirely irrelevant incentive valence information 

would trigger valence–action biases, assuming that a putative hard-

wired bias would occur independently of goal-directed processes. 

Specifically, previous studies have reported that task-irrelevant 

valence-related features can influence performance, either when 

these occur in another stimulus dimension within the same task (e.g., 

Krebs, Boehler, Egner, & Woldorff, 2011; Krebs, Boehler, & Woldorff, 

2010) or in an entirely independent subsequent task (e.g., Anderson, 

Folk, Garrison, & Rogers, 2016; Anderson, Laurent, & Yantis, 2011; 

Anderson & Yantis, 2013; Lee & Shomstein, 2014; Theeuwes & 

Belopolsky, 2012). Moreover, related designs using 

approach/avoidance manipulations to measure the strength of 

dispositions towards unhealthy stimuli (e.g., Wiers, Rinck, Dictus, & 

van den Wildenberg, 2009) and to reduce such tendencies (e.g., 

Becker et al., 2015) revealed that responding to task-irrelevant 
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valence features can possibly provoke valence–action biases as well 

(see also De Houwer, 2003). Based on these studies, we expect that 

task-irrelevant positive and negative incentive signals can affect 

responses and potentially promote valence–action biases.  

 To this end, we combined a cued monetary incentive paradigm 

with an approach/avoidance joystick task, and manipulated incentive 

valence between two groups of participants. The reward group won 

money, while the punishment group prevented losing money by 

correct and fast responses in incentive compared to no-incentive 

trials. Importantly, incentive valence was signaled by the cue color 

(incentive vs. no incentive), while response requirement (push vs. 

pull the joystick) was indicated by the orientation of the subsequent 

target (i.e., response requirement was orthogonal to incentive 

information). In contrast to the previous studies, this design entails a 

separation between the presentation of valence information (in the 

cue) and action information (in the target). Moreover, the target 

could be independently drawn in a color which was either associated 

with incentives or not, but importantly, target color was entirely task 

irrelevant and never predictive of the outcome. As such, participants 

in the reward group were presented with reward cues and reward-

associated targets, and participants in the punishment group were 

presented with punishment cues and punishment-associated targets, 

which were contrasted with neutral, no-incentive conditions in both 

groups. In this way, cue color was predictive of the possibility of 

earning or avoiding losing money, while target color was not.  

 Based on the partly opposing observations of the studies 

mentioned above, we can generate several hypotheses with respect 

to our main research question: Considering that incentive valence is 
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signaled by advance cues (i.e., orthogonal to action information) and 

that the common goal is to respond fast and accurately, it seems 

likely that both reward and punishment cues would facilitate 

performance in a strategic, goal-directed manner, independent of the 

required action. Alternatively, since we are probing a more intuitive 

representation of approach/avoidance behavior (animated joystick 

task) to match studies that found robust valence–action mappings in 

the emotion domain, we might observe differential effects of reward 

and punishment cues in approach and avoid trials—even if valence 

and action signals are separated in time. Regarding our second, more 

exploratory research question, we expect that task-irrelevant but 

coincidental valence associations with the target would trigger 

valence–action biases, as reflected in facilitation of approach 

responses in the reward group and facilitation of avoid responses in 

the punishment group. To test these hypotheses, the main statistical 

tests for both research questions (cue valence and target–valence 

associations) are the interactions between valence, response type, 

and group. Specifically, while a three-way interaction between these 

factors would provide evidence for a ‘signed’ valence–action bias 

(opposite direction for reward and punishment), a two way 

interaction between valence and response type across groups would 

index an ‘unsigned’ bias (same direction for reward and punishment). 

Finally, the absence of such interactions would suggest the absence 

of a valence–action bias. To preempt the results, we did not find any 

indication for valence–action biases for advance incentive valence 

cues (neither signed nor unsigned), but observed an unsigned bias for 

coincidental incentive valence associations with the target.  
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Methods 

  Participants. Eighty participants took part in the present study. 

One half was assigned to the reward group (n = 40, 29 females, mean 

age ± SD 22.1 ± 2.8, age range 18–29), and the other half to the 

punishment group (n = 39, 28 females, mean age ± SD 20.9 ± 2.5, age 

range 18–28). Data from one participant (punishment group) were 

excluded due to a large amount of too late responses (> 35%). The 

initial inclusion criteria were age between 18 and 35 years, right-

handedness, normal color perception, normal or corrected-to-normal 

vision, and no (history of) diagnosed mental disorders. The study was 

approved by the local ethics board and written informed consent was 

obtained from all participants in advance of participation. All 

procedures were in accordance with the Declaration of Helsinki from 

1964 and its later amendments. Participants received 5 euro as base 

reimbursement for 30 min plus an average bonus of 2.40 euro in the 

reward group, and 2.43 euro in the punishment group.  

 

  Paradigm and procedure. Participants performed an 

approach/avoidance task in which push and pull responses were 

administered by means of a joystick (Fig. 1). A small white fixation 

cross was maintained in the upper half of a black screen throughout 

the experiment. In each trial, participants first saw a colored cue 

(square, 200 ms) indicating reward or punishment prospect, which 

was followed by the presentation of a small manikin and a target 

stimulus (ellipse) after a variable interval (500–1500 ms). Participants 

were instructed to respond to the orientation of this target stimulus, 

which could be either oriented vertically (requiring a push response) 
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or horizontally (requiring a pull response), and which was presented 

until the response was made, or for maximal 1200 ms. When 

responding correct and fast enough, the manikin animation moved in 

the selected direction on the screen for 300 ms, serving as ‘correct’ 

feedback. When responding incorrectly or too late, the target 

disappeared and participants saw a white colored cross or a clock 

image for 300 ms, serving as ‘incorrect’ and ‘too late’ feedback, 

respectively. After a variable interval of 1500–3000 ms, the next trial 

was presented. While one of the two cue colors (i.e., blue or pink) 

was predicting reward prospect in the reward group or punishment 

prospect in the punishment group, the other color indicated neutral, 

no-incentive trials. Cue color-valence mappings were 

counterbalanced across participants within each group. In the reward 

group, participants were informed that they would start with 0 euro 

beyond the base compensation, and that they could win bonus 

money during the experiment, while in the punishment group, 

participants were informed that they would start with 3 euro, and 

that they should try to avoid losing money during the experiment. 

When responding correct and fast enough to a target stimulus that 

was preceded by a reward cue (reward group), participants earned a 

reward of 2 cents. Slow or incorrect responses after reward cues, as 

well as responses following neutral cues did not affect the monetary 

outcome. In contrast, when participants responded slow or incorrect 

to a target preceded by a punishment cue (punishment group), they 

lost 2 cents. Correct and in-time responses after punishment cues as 

well as responses following neutral cues did not affect the monetary 

outcome. To motivate all participants to perform the experiment in a 

similar way, a staircase procedure was applied, which dynamically 

adjusted the response deadline on the basis of participants’ 
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individual performance (Cornsweet, 1962). This procedure was set to 

yield 80% correct feedback per experimental condition. Importantly, 

all responses in a fixed window between 150 and 1200 ms after 

target onset were considered for the analysis—regardless of the 

staircasing procedure. To get familiar with the experiment and the 

different cue color meanings, participants started with a short 

training sequence of eight trials. Afterwards, three experimental 

blocks of 104 trials were performed, which were separated from each 

other by short breaks. During these breaks, participants were 

informed about their accuracy (based on the feedback provided to 

them during the experiment) and the total amount of money earned 

or preserved so far. The number of trials was equally distributed over 

eight conditions. Conditions were formed by combinations of the 

factors Cue valence (cue color), Target valence association (target 

color), and Response type (target orientation). Cue colors signaled 

reward/punishment prospect (reward/punishment cue vs. neutral 

cue), target colors could be reward/punishment-associated or not, 

and the response type could be push (‘approach’, vertical target) or 

pull (‘avoid’, horizontal target). Importantly, only the cue color was 

actually predicting reward/punishment prospect, while target color 

was entirely task-irrelevant. This information was made explicit to 

the participants. 
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Fig. 1 Schematic trial overview. Participants were presented with color cues 

(square). One of the cue colors (blue/pink) indicated reward prospect (reward 

group) or punishment prospect (punishment group), while the other color 

indicated the absence of reward or punishment prospect (neutral cue). After a 

variable interval, a manikin appeared together with the target (ellipse), and 

participants were instructed to respond to the orientation of the target (vertical = 

push/approach, horizontal = pull/avoid) as fast as possible. The target could be 

independently drawn in blue or pink as well, but target color was entirely task-

irrelevant. Correct in-time responses were followed by a response-congruent 

movement of the manikin. The figure illustrates two correct trials, with dotted 

arrows serving as illustration (not presented during the experiment). Incorrect or 

too late responses were followed by a black screen showing a white cross or clock, 

respectively 

 

Data analyses 

  RTs (correct trials only), response error rates (in-time 

responses), and inverse efficiency scores (RT divided by proportion of 

correct responses, cf. Bruyer & Brysbaert, 2011) were submitted to a 

2 × 2 × 2 repeated-measures analysis of variance (rANOVA) with 
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factors Cue valence (valence/non-valence cue), Target valence 

association (valenceassociated/non-valence-associated target) and 

Response type (approach/avoidance) as within-subject factors, and 

Group(reward group/punishment group) as between-subject factor. 

Note that in these analyses, the factor Cue valence reflects reward in 

the reward group and punishment in punishment group (the same 

logic applies to the factor Target valence association). As noted 

above, the main focus in the analysis is to test for interactions 

between Cue valence, Response type, and Group, as well as between 

Target valence association, Response type, and Group. Other 

interactions and main effects are reported and discussed for a 

comprehensive overview of the data pattern.  

 

Results 

  Response times (RTs). Mean RTs are depicted in Fig. 2. 

Responses in the reward group were globally faster than those of the 

punishment group (main effect of Group: F(1, 77) = 4.94, p = .029; 

η2p = .060), and approach (push) responses were globally faster than 

avoid (pull) responses (main effect of Response type: F(1, 77) = 

141.48, p < .001; η2p = .648). Moreover, valence cues led to faster 

responses as compared to neutral cues (main effect of Cue valence: 

F(1, 77) = 121.34, p < .001; η2p = .612), and this facilitation was 

stronger in the punishment compared to the reward group (Cue 

valence × Group: F(1, 77) = 5.29, p = .024; η2p = .064). Moreover, Cue 

valence interacted with Target valence association: F(1, 77) = 22.93, p 

< .001; η2p = .229, reflecting that the overall facilitation elicited by 

valence cues was further enhanced by the presence of valence-

associated targets across groups. Regarding the main research 
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question, concerning the effect of cue valence on approach/avoid 

responses, we did not find evidence for valence–action biases (Cue 

valence × Response type × Group: F(1, 77) = 0.42, p = .521; η2p = 

.005; Cue valence × Response type: F(1, 77) = 0.15, p = .7; η2p = .002). 

Rather, reward and punishment cues affected both approach and 

avoid trials in a similar manner. With regard to the second research 

question, concerning the effect of target valence associations, we 

observed an interaction between Target valence association and 

Response type: F(1, 77) = 25.26, p < .001; η2p = .247. Specifically, we 

found that valence-associated targets (as compared to neutral ones) 

led to response facilitation in approach trials: t(78) = − 6.02, p < .001, 

but to response slowing in avoid trials: t(78) = 2.64, p = .010. 

Importantly, however, this pattern did not differ between groups 

(Target valence association × Response type × Group: F(1, 77) = 0.61, 

p = .436; η2p = .008). Finally, a three-way interaction was observed 

between Cue valence × Target valence association × Response type: 

F(1, 77) = 7.35, p = .008; η2p = .087, which was due to a differential 

interaction between Cue valence and Target valence association in 

approach (F(1, 77) = 26.94, p < .001; η2p = .259) as compared to 

avoid responses (F(1, 77) = 1.85, p = .177; η2p = .024), reflecting that 

additional facilitation by valence-associated targets following valence 

cues was only observed in approach trials (Fig. 2). All remaining 

effects did not reach significance (all p > .181). To summarize the 

main findings regarding the effects of Cue valence and Target valence 

association, we calculated RT difference values (incentive minus 

neutral trials) for each factor separately (Fig. 4a). These plots 

illustrate that incentive cues (grey bars) affect both action types in 

form of a global performance benefit (neither signed nor unsigned 

valence–action bias), and that valence-associated targets (black bars) 
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modulate approach and avoid responses differently (benefit 

approach, impair avoid), but regardless of absolute valence (unsigned 

valence–action bias). Note that these plots merely serve to illustrate 

the main effects of the two incentive factors in relation to Response 

type and Group. 
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Fig. 2 RT results. The figure presents the mean RTs for approach responses (left) 

and avoid responses (right) for the reward group (top) and the punishment group 

(bottom). Error bars indicate SE of the means 

 

  Error rates. Mean error rates are depicted in Fig. 3. Error rates 

were slightly lower in the punishment compared to the reward group 

(trend for a main effect of Group: F(1, 77) = 3.72, p = .057; η2p = 

.046), indexing a performance benefit that is in opposite direction 

compared to the RT data. Like in the RT data, performance was 

improved after valence cues (main effect of Cue valence: F(1, 77) = 

13.81, p < .001; η2p = .151). Again, there was no indication for a 

valence–action bias (Cue valence × Response type × Group: F(1, 77) = 

1.18, p = .281; η2p = .015; Cue valence × Response type: F(1, 77) = 

1.07, p = .304; η2p = .014), indicating that reward and punishment 

cues affected both approach and avoid responses in a similar way. 

Regarding the effects of valence-associated targets, the groups 

differed at trend level (Target valence association × Group: F(1, 77) = 

2.79, p = .099; η2p = .035), which is the consequence of a slight error 

reduction for punishment-associated targets compared to a slight 

error increase for reward-associated targets. Similar to the RT data, 

Target valence association interacted with Response type: F(1, 77) = 

26.32, p < .001; η2p = .243, indicating that valence-associated targets 

(compared to neutral ones) led to error reduction in approach trials: 

t(78) = − 3.62, p < .001, and error increase in avoid trials: t(78) = 3.61, 

p < .001. Finally, we found a significant three-way interaction of 

Target valence association × Response type × Group: F(1, 77) = 5.07, 

p = .027; η2p = .047, indicating that valence associations carried by 

the target facilitated approach and impaired avoid responses 
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stronger in the reward group [F(1, 39) = 22.51, p < .001; η2p = .366)] 

an in the punishment group [F(1, 38) = 5.32, p = .027; η2p = .123; Fig. 

3], suggesting that the reward-approach mapping might overall be 

more robust. All remaining effects did not reach significance (all p > 

.135). Effects of Cue valence and Target valence association are 

summarized by calculating error rate difference values (incentive 

minus neutral trials) for both factors separately (Fig. 4b). While 

incentive cues (grey bars) promote a general performance benefit 

(neither signed nor unsigned valence–action bias), valence-associated 

targets (black bars) affected approach and avoid responses 

differently (benefit approach, impair avoid). While this pattern was 

observed in both groups (unsigned valence–action bias), the bias was 

more pronounced in the reward group. Note that these plots merely 

serve to illustrate the main effects of the two incentive factors in 

relation to Response type and Group. 
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Fig. 3 Error rate results. The figure presents the mean error rates for approach 

responses (left) and avoid responses (right) for the reward group (top) and the 

punishment group (bottom). Error bars indicate SE of the means 

 

  Speed-accuracy relationship. In addition to RT and error rate 

measures, an analysis of inverse efficiency scores was performed. 

These scores are calculated by dividing RT by the proportion of 

correct responses, and are used to provide an integrated 
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performance measure that is sensitive to potential speed–accuracy 

tradeoffs (Bruyer & Brysbaert, 2011). A Cue valence × Group 

interaction was observed: F(1, 77) = 6.68, p = .012; η2p = .080, again 

indicating that the data were more strongly modulated by Cue 

valence information in the punishment group than in the reward 

group. Furthermore, the Target valence association × Group 

interaction was almost significant: F(1, 77) = 3.96, p = .05; η2p = .049, 

confirming the slightly different impact of Target valence association 

in the punishment group compared to the reward group. The three-

way interaction Target valence association × Response type × Group 

that was observed in the error rate data was present in the inverse 

efficiency scores as well: F(1, 77) = 5.17, p = .026; η2p = .063, 

indicating that the approach bias was more pronounced in the 

reward group [F(1, 39) = 31.30, p < .001; η2p = .445)] than in the 

punishment group [F(1, 38) = 6.26, p = .017; η2p = .141)]. Overall, 

when combining RT and accuracy in one score, the main result 

patterns are preserved, suggesting that the results are not driven by 

a differential speed–accuracy trade-off in the different trial types. 

 

Discussion 

  In the present study, we combined a cued monetary incentive 

paradigm with an approach/avoidance joystick task to study the 

interaction between incentive valence (between-group factor) and 

action information (within-group factor). Importantly, in contrast to 

the previous studies, reward/punishment valence information (cue 

color) and action requirement (target orientation) were separated in 

time and orthogonal to one another, so that the mapping could 

change from trial to trial. Moreover, we used an animated joystick 
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task with approach (push) versus avoid (pull) responses instead of 

button presses vs. withholding of button presses, which should be 

more sensitive to pick up fairly natural approach/avoidance 

tendencies in response to incentive valence stimuli. Finally, on a 

more exploratory note, target stimuli could carry task-irrelevant 

incentive valence information (target color) to test whether task-

relevance is a perquisite to produce incentive valence–action biases. 

 The results showed that both reward and punishment cues 

(see grey bars in Fig. 4) improved performance with respect to the 

neutral conditions in the respective group, regardless of the required 

action (approach/avoid). In contrast, task-irrelevant valence 

associations carried by the target (see black bars in Fig. 4) produced 

an unsigned valence–action bias in both groups, with 

reward/punishment-associated targets leading to response 

facilitation in approach trials, but to performance decrements in 

avoid trials. This overall bias across positive and negative incentive 

valence is in contrast to emotional valence–action biases, where 

positive and negative stimuli lead to opposite action tendencies (e.g., 

Chen & Bargh, 1999; Krieglmeyer et al., 2010). In sum, valence cues 

largely improved performance regardless of response requirements 

(i.e., no valence–action bias), while both types of valence-associated 

targets promoted approach and impaired avoid responses (i.e., 

unsigned valence–action bias). In the following, we discuss these 

observations in more detail with reference to the existing research. 
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Fig. 4 Collapsed RT (a) and error rate (b) results. Difference values (incentive minus 

neutral) are averaged for valence cues (grey bars) and valence-associated targets 

(black bars) and depicted separately for approach/avoid responses in the two 

groups. Error bars indicate SE of the means 
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Effects of incentive cues 

  First, we observed general response facilitation elicited by cue 

valence in both groups, as reflected in shorter response times 

without sacrificing response accuracy. Despite the overall similarity, 

this cuing effect was more pronounced in the punishment group, 

indicating that negative-valence cues had a stronger impact on task 

preparation, which might reflect an asymmetry in which loss 

avoidance manipulations are globally more motivating, despite of the 

same absolute value being at stake. This observation is generally in 

line with earlier work describing stronger effects for negative as 

compared to positive valence in different task contexts (for review, 

see Baumeister, Bratslavsky, Finkenauer, & Vohs, 2001). However, 

others have not found significant performance differences between 

reward and punishment cues (e.g., Engelmann et al., 2009; 

Engelmann & Pessoa, 2007; Novak & Foti, 2015), suggesting that the 

global incentive cueing benefit across reward and punishment cues 

might be more robust, and that the additional benefit of negative 

incentive cues might be less reliable and dependent on the nature of 

the task (of note, the before-mentioned studies that did not observe 

differential effects all employed visual discrimination tasks). More 

important with regard to our research question was the observation 

that the incentive-based performance benefit (signaled by the cue) 

was independent of the required action, which was signaled to 

participants after a temporal delay by a different stimulus (target). 

The absence of valence–action biases under these circumstances 

suggests that these might only occur when both types of information 

coincide in time as was the case in the studies of Guitart-Masip et al., 

(2012), Cavanagh et al., (2013) and Richter et al., (2014), which all 
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featured cues of unique valence–action mappings and found 

predicted valence–action biases. These paradigms are in contrast to 

the changing trial-by-trial combinations of valence (cue) and action 

(target) information in the present study. We would argue that 

incentive cues in the present paradigm promote more strategic, goal-

directed processes, which are identical for both reward and 

punishment cues, rendering the occurrence of fairly automatic 

response biases, like observed for emotional events (Phaf et al., 

2014), less likely. Interestingly, comparable effects evoked by both 

reward and punishment incentives as observed in the present study 

have been reported by Verbruggen and McLaren (2016) using a 

selective stop-change task, which requires participants to execute a 

certain response in the majority of the Go trials, but switch to an 

alternative response in a subset of the trials (upon presentation of a 

stop-change signal). While reward and punishment prospect were 

manipulated in different groups like in the present study, they were 

active for the entire task (sustained) rather than being signaled by a 

cue in each trial. Compared to a control group that did not receive 

any incentive instructions, both incentive groups displayed 

behavioral modulations in the form of strategic slowing on regular Go 

trials and response facilitation in stop-change trials, with no 

indication for a difference between reward and punishment 

incentives (see also earlier reports by Engelmann et al., 2009; 

Engelmann & Pessoa, 2007; Novak & Foti, 2015). Together, these 

observations suggest that in situations in which reward and 

punishment are signaled by a cue or provided in a sustained fashion 

across blocks of trials, similar preparatory or strategic processes are 

triggered to obtain the task goal (i.e., ‘respond fast and accurate to 

win or keep the money’)—regardless of the type of valence, and even 
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if the task itself can be regarded as highly sensitive to pick up natural 

response biases as evidenced by studies in the emotion domain (e.g., 

Krieglmeyer et al., 2010). 

 

Effects of task‑irrelevant incentive associations with the target 

  Second, task-irrelevant valence associations with the target 

stimulus triggered unsigned valence–action biases, in that both 

reward and punishment valence associations facilitated approach 

responses, but impaired avoid responses. Considering the reward 

group alone, similar reward-approach biases have been reported 

before in different experimental designs (Chen & Bargh, 1999; 

Freeman et al., 2014; Guitart-Masip et al., 2012; Wirth, Dignath, 

Pfister, Kunde, & Eder, 2016), and these seem to be comparable to 

biases triggered positive emotional stimuli (De Houwer, Crombez, 

Baeyens, & Hermans, 2001; Solarz, 1960), as well as dispositions to 

approach appetitive stimuli that are considered unhealthy (e.g., 

Becker et al., 2015; Wiers et al., 2009). Intriguingly, and in contrast to 

our hypothesis, a similar approach bias for incentive valence-

associated targets was observed in the punishment group. 

Specifically, we expected to observe an approach bias for targets 

associated with positive incentive valence (reward), while negative 

incentive valence (punishment) was expected to produce the 

opposite bias (with performance facilitation in avoid trials and 

performance decrement in approach trials), in line with the previous 

reports using a Go/noGo task design (e.g., Guitart-Masip et al., 2012; 

Richter et al., 2014). We think that the explanation for this 

unexpected finding is related to the composition of conditions 

between groups. First, while positive and negative valence stimuli 
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were directly contrasted by Guitart-Masip et al., (2012), we 

compared the effects of positive and negative incentive valence to a 

neutral baseline condition, and hence, each group only encountered 

one type of valence. It may be argued that similarities in the effects 

of reward and punishment manipulations are the consequence of the 

absence of an explicit valence contrast. While participants in the 

reward group may feel ‘punished’ when they did not earn a reward in 

some trials, participants in the punishment group might feel 

‘rewarded’ when they successfully avoided a loss (Kim, Shimojo, & 

O’Doherty, 2006). Second, while in the study by Guitart-Masip et al., 

(2012), Go and noGo responses were leading to reward and 

punishments with equal probability, withholding a response was 

never beneficial for participants in our study, thereby potentially 

promoting a global approach bias for all incentive trials. Considering 

the absence of a direct valence contrast and the emphasis on 

response execution in our design, it is likely that each incentive 

valence was coded as the one salient signal to pay attention to during 

the task, and to respond to fast, regardless of absolute value. That 

said, albeit present in both groups, the approach bias for incentive 

valence signals was in fact more pronounced in the reward group’s 

error rate data, providing some evidence for a more robust mapping 

between approach and reward-associated target features, above and 

beyond largely overlapping performance modulations. From a more 

general perspective, performance costs elicited by task-irrelevant 

valence signals (here, in avoid trials) are not unique to this study. For 

example, performance impairments due to task-irrelevant valence 

signals have been found in a rewarded Stroop task, where reward 

related irrelevant semantic information led to stronger interference 

(Krebs et al., 2011, 2010), as well as in visual search tasks where 
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spatial attention was biased towards irrelevant reward-related 

features (Anderson, Laurent, Yantis, Grados, & Umaña, 2011; 

Anderson, Laurent, & Yantis, 2011). In the latter studies, attentional 

capture triggered by stimuli that have been associated with positive 

(Anderson, Laurent, & Yantis, 2011; Sali, Anderson, & Yantis, 2014) or 

negative incentive valence (Müller, Rothermund, & Wentura, 2016; 

Wentura, Müller, & Rothermund, 2014) can either benefit or impair 

performance depending on whether the valence feature is 

overlapping with the target or distractor of a visual search display. 

Here, we observe a similar bias in the domain of action tendencies, in 

that targets featuring salient information are more easily approached 

than avoided—even if this is detrimental for the task goal. 

 

Interactions between cue and target effects, and global group 

differences 

  In both groups, we observed that task-irrelevant valence 

associations with the target further augmented performance benefits 

induced by valence cues. This might indicate that an increase of 

attention during the cue–target interval led to a prioritization of any 

salient subsequent stimulus. Alternatively, or in addition, the 

observed additive effect of cue and target valence could reflect low-

level feature priming effects, because the specific color of the cue is 

repeated in the target (Kristjánsson & Campana, 2010; Logan, 1990; 

Schacter & Buckner, 1998). In order to differentiate between 

unspecific attentional prioritization and specific feature priming (e.g., 

Grison & Strayer, 2001; Waszak & Hommel, 2007) in these specific 

conditions, one would need a paradigm in which feature repetitions 

are excluded by design. That said, we would not assume that the 
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effects of target–valence associations observed in the present study 

could be entirely explained by attentional prioritization or feature 

priming due to the preceding valence cues. Most importantly, mere 

feature (or value) priming would predict performance benefits for 

feature repetitions across conditions—instead, we observe that 

facilitation was driven by other factors, independent of repetition. 

This is most evident when comparing the combination of reward cue 

target–reward association in approach vs. avoidance trials, which 

feature performance benefits and costs, respectively (Fig. 4). In 

addition to trial-by-trial modulations triggered by cue valence and 

target–valence associations, and their interaction, the result pattern 

is indicative of global differences between the reward and 

punishment group. Specifically, when considering the RT data, there 

is a global offset in speed, with faster responses in the reward 

compared to the punishment group. Conversely, in the error rate 

data, we find an opposite global effect (at trend level), with fewer 

errors in the punishment compared to the reward group. Such 

context effects seem to resonate with the notion that a reward 

context might particularly promote fast responses, while a 

punishment context can promote cautious responding, which has 

been demonstrated in a context where punishment rate increased 

over time (Griffiths & Beierholm, 2017). Notably, these global 

changes seem to occur more or less independently of incentive-

based performance benefits from trial to trial. For example, while the 

reward group is faster globally (context effect), participants in the 

punishment group benefit more from incentive cues (trial-by-trial 

effect). 
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Conclusion 

  Incentive valence information in the cue operated rather 

strategically, and was overall beneficial in nature. Furthermore, as 

incentive valence information in the cue was not further affected by 

the required action (i.e., no valence–action bias), this seems to 

suggest that valence–action biases may rely on the temporal 

coincidence (or other dependence) between valence and action 

information, and that the current orthogonal design emphasizes 

more strategic influences of incentive cues. The influence of 

irrelevant valence information linked to the target itself, however, 

seemed to be rather automatic in nature, in that incentive signals 

promoted approach over effect was fairly independent of the actual 

valence sign (i.e., unsigned valence–action bias). This rather 

unexpected finding might be related to the valence-to-neutral 

contrast in both groups and the common goal to respond fast in all 

incentive trials. As such, the results of the present study provide 

insights into the complex interplay between incentive valence and 

action signals, and seem to challenge the notion that monetary 

incentives trigger ‘hard-wired’ valence–action biases in that specific 

design choices seem to modulate the presence and/or direction of 

valence–action biases. 

 
¹ For the first 20 participants of the reward group, a single dynamically adjusted 

response interval was applied across all conditions. To prevent biasing of specific 

conditions by presenting participants with lower rates of correct feedback for 

conditions with higher average RTs, we changed the program to apply condition-

specific response intervals in the rest of the experiment. Statistical testing (one-

staircase vs. condition-specific staircases) revealed only a marginal significant Cue 

valence × Target valence association × Staircase procedure interaction in the RT 
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data: F(1, 38) = 3.41, p = .073; η2p = .082, indicating that this interaction was 

weaker for the one-staircase procedure: F(1, 19) = 0.99, p = .33; η2p = .049 than for 

the condition specific procedure: F(1, 19) = 13.07, p = .002; η2p = .407. 

Furthermore, no differences between the first 20 participants (one-staircase) and 

the second 20 participants (condition-specific staircases) within the win-valence 

group were observed in the RT or error rate data (all p > .199). 
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CHAPTER 4 

BIASING ACTIONS BY INCENTIVE VALENCE IN AN 

APPROACH/AVOIDANCE TASK* 

The present study investigates interactions between incentive valence 

and action, which mirror well-known valence-action biases in the 

emotional domain. In three joystick experiments, incentive valence 

(win/loss) and action type (approach/avoid) were signaled by distinct 

orthogonal stimulus features. By combining several design aspects, 

i.e., the use of bi-directional joystick movements, the inclusion of no-

incentive baseline trials, and cue-locked versus target-locked valence 

and action signals, we tried to bridge between paradigms used in the 

emotional and motivational domain, and to understand previous, 

partly inconsistent results. In the first task variant (Experiment 1), we 

observed performance benefits for compatible mappings (win-

approach; loss-avoid) relative to incompatible ones (loss-approach; 

win-avoid) when valence and action signals were target-locked, 

consistent with a fairly automatic response activation that can benefit 

or impair task performance. In contrast, cue-locked valence signals 

led to response facilitation (relative to a no-incentive baseline) more 

or less independent of actual valence (win/loss) and action type 

(approach/avoid), which is reminiscent of general facilitation effects 

of incentive cues across diverse cognitive tasks. Slight design 

variations did not change this main result pattern, indicating that it 

was neither driven by the close proximity between target and 

performance feedback (Experiment 2), nor by mere temporal 

coincidence of valence and action signals (Experiment 3), but rather 

by differences between preparatory (cued) and immediate (non-cued) 
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effects of incentive valence. The present study provides novel insights 

regarding the nature of valence-action biases in the motivational 

domain and helps to integrate previous, partly inconsistent findings 

across domains. 

 

* Hoofs, V., Boehler, C. N., & Krebs, R. M. (in revision). Biasing action 

by incentive valence in an approach/avoidance task. Collabra: 

Psychology 
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Introduction 

  Reaching towards a tasteful cookie and backing off from a 

spider is evidently easier than performing the opposite actions when 

facing these stimuli. This phenomenon, which has been described as 

valence-action bias (Elliot, 2006; Phaf, Mohr, Rotteveel, & Wicherts, 

2014; Solarz, 1960), is thought to arise from a fairly automatic 

evaluation of a given stimulus, which in turn triggers inherent 

approach and avoidance tendencies (Bargh, Chaiken, Raymond, & 

Hymes, 1996; Chen & Bargh, 1999; Kozlik, Neumann, & Lozo, 2015). 

However, there is also work suggesting a more indirect link between 

valence and action relying on more conscious appraisal (Phaf et al., 

2014; Rotteveel & Phaf, 2004). Regardless of the exact nature of 

these mappings between valence and action, there is consensus on 

the view that they play an important role in energizing and directing 

our behavior (Elliot & Covington, 2001; Elliot, 2006).  

 Valence-action biases, as indexed by performance facilitation 

of compatible mappings (positive-approach; negative-avoid), have 

been most prominently reported for innate emotional stimuli and 

events that have to be approached or avoided (e.g., Chen & Bargh, 

1999; Krieglmeyer, Deutsch, De Houwer, & De Raedt, 2010; Phaf et 

al., 2014; Seibt, Neumann, Nussinson, & Strack, 2008). In these 

studies, the valence dimension (ranging from positive to negative) of 

emotional information is actively manipulated, while the arousal 

dimension (ranging from exciting to calming) along which emotional 

stimuli can vary as well (Kensinger & Corkin, 2004) is generally 

unchanged. More recent studies translated these types of paradigms 

into the motivational domain by introducing monetary incentive 

manipulations (wins and losses). While it has been argued that these 
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different valence types are strongly related on the neural level and 

with regard to guiding participants’ actions (Pessoa, 2008, 2009), 

studies investigating interactions between incentive valence and 

action seem to yield partly inconsistent findings. In a series of studies, 

Guitart-Masip and colleagues found valence-action biases in an 

incentive Go/NoGo task, in that participants’ performance was 

improved in trials with compatible (‘natural’) mappings, i.e., Go-Win, 

NoGo-Avoid Losing (Guitart-Masip et al., 2011, 2012; Richter et al., 

2014). In contrast, other recent studies manipulating incentives in 

Go/NoGo, Stop-signal, or approach/avoidance tasks failed to provide 

clear evidence for such valence-action biases (Boehler, Hopf, Stoppel, 

& Krebs, 2012; Hoofs, Carsten, Boehler, & Krebs, 2018; Schevernels, 

Bombeke, Krebs, & Boehler, 2016; Verbruggen & McLaren, 2016). 

This inconsistency probably results from paradigmatic differences. 

The first regards the exact composition of valence conditions. 

Specifically, while the paradigm applied by Guitart-Masip and 

colleagues (2011, 2012) contrasted win and loss incentives directly 

(and exclusively), more recent studies included no-incentive 

conditions as well. This was either done by adding no-incentive trials 

(Schevernels et al., 2016), by comparing win and loss trials to a no-

incentive baseline in discrete groups (Hoofs et al., 2018), or by 

contrasting win, loss, and, no-incentive manipulations between 

groups (Verbruggen & McLaren, 2016). Consequentially, some of 

these studies did not feature a direct contrast between positive and 

negative valence. Second, the above tasks differed with regard to the 

exact response requirements, i.e., Go vs. NoGo (Guitart-Masip et al., 

2011, 2012), Go vs. cancel a planned response (Boehler et al., 2012; 

Verbruggen & McLaren, 2016), and approach vs. avoid (Hoofs et al., 

2018). Third, the tasks also differed in terms of valence-action 
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signaling, with some using fixed valence-action stimuli (Guitart-Masip 

et al., 2011, 2012; Richter et al., 2014; Schevernels et al., 2016), 

orthogonal valence-action mappings (Boehler et al., 2012; Hoofs et 

al., 2018), and/or group-based manipulations (Hoofs et al., 2018; 

Verbruggen & McLaren, 2016). Last, the studies differed with regard 

to the relevant trial events in that valence was either linked to cues 

(Guitart-Masip et al., 2011, 2012; Richter et al., 2014; Schevernels et 

al., 2016) or targets (Boehler et al., 2012; Freeman, Razhas, & Aron, 

2014), thereby tapping into preparatory and immediate control 

mechanisms, respectively (Krebs & Woldorff, 2017). This is 

particularly important considering that related studies in the 

emotional domain typically employed valence targets in the absence 

of pre-cues (e.g., Krieglmeyer et al., 2010). Moreover, the 

dissociation between cue-based and target-based manipulations also 

relates to differential (neural) effects of sustained and transient 

reward manipulations (Beck, Locke, Savine, Jimura, & Braver, 2010; 

Engelmann, Damaraju, Padmala, & Pessoa, 2009). Taken together, 

the inconsistencies in design and results across previous studies on 

incentive valence-action biases seem to call for further investigation.  

 With the present study we aimed to bridge between different 

types of paradigms to test under which circumstances incentive 

valence-action biases can occur, thereby also exploring the reasons 

for the rather inconsistent results of the earlier studies. To this end, 

we employed an incentive approach-avoidance paradigm that 

includes a novel combination of design features that have been 

implemented in different previous studies - both in the motivational 

and emotional domain. These include changing valence-action 

combinations from trial-to-trial, the contrast between positive, 
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negative, and no-incentive trials within-participants, and the use of 

approach/avoidance joystick movements that can be considered 

more natural as compared to button presses (and provide both speed 

and accuracy measures in all conditions). Moreover, we linked 

incentive valence (and action) signals to either cues or targets in 

discrete blocks in order to probe differential contributions from 

preparatory and immediate control processes.  

 Our first main hypothesis was that this novel experimental set-

up should bring about incentive valence-action biases that are similar 

to the ones reported by the initial approach-avoidance studies 

employing emotional stimuli (research question 1). This is based on 

the assumption that incentive valence and action requirements are 

integrated in terms of inherent response tendencies, which can 

induce performance benefits and costs when they are overlapping 

(win-approach; loss-avoid) and non-overlapping (loss-approach; win-

avoid), respectively. By associating valence and action signals to 

different trial events (cues and targets), we aimed to test a second 

hypothesis regarding the role of different ‘control’ processes 

(research question 2). Specifically, we hypothesized that valence-

action biases would emerge when valence and action signals are 

directly associated with a target stimulus (due to more immediate, 

automatic processes), and be less pronounced when they are 

signaled by advance cues (which should promote preparatory, 

strategic processes). To test these hypotheses, we focused on the 

presence/absence of valence-action biases as indexed by an 

interaction between valence and action type (research question 1), 

and in how far this interaction would be further modulated by the 

association with different trial events (i.e., target-locked/cue-locked) 
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as indexed by a 3-way interaction with block type (research question 

2). 

To briefly preview the results, in line with our hypotheses, we 

observed robust valence-action biases across three task variants 

when valence and action were signaled by the target, and general 

performance facilitation in incentive as compared to no-incentive 

trials when they were signaled by advance cues. 

 

Methods and results 

 

Methods Experiment 1 

  Participants. Forty-seven students from Ghent University 

participated in Experiment 1 (34 females, mean age ± SD: 23.3 ± 3.3 

years, age range 18-35 years). Data from one additional (male) 

participant were excluded due to high error rates (> 3.0 SD from the 

group mean). Prerequisites for participation were age between 18 

and 35 years, right-handedness, normal color perception, normal or 

corrected-to-normal vision, and no (history of) diagnosed mental 

disorders. Experimental procedures were approved by the local 

ethics board, and written informed consent was obtained from each 

participant upon arrival. Participants received a basis reimbursement 

of 10 euro for the 60-minute session, and a maximum monetary 

reward of 3 euro based on task performance in incentive trials 

(average bonus = 1.82 euro). 
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  Paradigm and procedure. Participants performed an 

incentivized cued approach/avoidance task in which pushing and 

pulling of a joystick was associated with movements of a manikin on 

the computer screen. Each trial contained a cue, a target, and a 

feedback event. The required action (approach, avoid) was indicated 

by vertical vs. horizontal target orientation (counterbalanced across 

participants). Incentive valence of a trial (win, loss, no-incentive) was 

signaled by distinct colors drawn from a set of four colors (i.e., 

orange RGB = 238, 91, 18; blue RGB = 50, 138, 255; pink RGB = 230, 

10, 200; green RGB = 27, 158, 23). The two remaining colors were 

both linked to no-incentive information. Hence, 50% of all trials were 

no-incentive trials featuring two different colors to prevent for 

asymmetries regarding color proportions between incentive and no-

incentive conditions (for similar procedure see Carsten, Hoofs, 

Boehler, & Krebs, 2018). All (no-)incentive-color mappings were 

counterbalanced across participants. Importantly, these colors could 

occur in either the cue or target stimulus in different block types 

(cue-valence, target valence blocks). The respective other trial event 

was always presented in gray (RGB = 139, 139, 139). After four 

practice trials of joystick movements (two for each orientation), 

participants were explicitly instructed about the incentive-color 

mapping. Next, half of the participants practiced eight cue-valence 

trials (two of each valence color) and subsequently performed the 

first cue-valence block, while the other half practiced eight target-

valence trials and performed the first target-valence block. After the 

first experimental block, participants practiced the respective other 

block type before starting the next experimental block. From block 

three onwards, experimental blocks were not preceded by practice 

trials anymore. Exemplary trials are depicted in Figure 1. During all 
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trials, a white fixation cross and white place holder (diameter = 4.2º 

visual angle) were visible in the upper half of the screen. Each trial 

started with the presentation of a square-shaped cue in the place 

holder for 200 ms. After a random interval between 500 ms and 1500 

ms after cue offset, an ellipse shaped target appeared in the place 

holder, accompanied by a manikin in the lower half of the screen 

(distance to target = 5.7º visual angle). Dependent on the current 

block type, either cues or targets were colored to signal incentive 

valence. Participants had to perform the correct action within a 

certain time window after target onset to win or avoid losing 

incentives (see below). Targets stayed on the screen until a response 

was given, or for a maximum interval of 1200 ms. Correct and in-time 

responses were directly followed by response-congruent movements 

of the manikin (towards or away from the target), serving as ‘correct-

feedback’, while incorrect or late responses led to the disappearance 

of the target and presentation of a white cross or white clock in the 

placeholder, respectively. All types of feedback lasted for 300 ms, 

and after a random interval between 1500 ms and 3000 ms after 

feedback offset, the next trial was presented (Figure 1). In order to 

ensure comparable overall incentive probabilities, response windows 

were dynamically adjusted for each condition on the basis of 

participants’ individual performance (Cornsweet, 1962; for similar 

procedures, see Carsten et al., 2018; Hoofs et al., 2018). This 

procedure was set to yield 80% correct feedback per experimental 

condition. Participants would receive a 2-ct gain for correct and in-

time responses in win trials, and incur a 2-ct loss for incorrect/too-

late responses in loss trials. Importantly, irrespective of the dynamic 

response window and titrated feedback rate, all responses in a fixed 

response window between 150 ms and 1200 ms after target onset 
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were included in the analyses. Specifically, responses exceeding the 

dynamically adjusted time window of a given condition were 

followed by too-late feedback, but were still analyzed if they fell 

within the pre-set response window of 150 - 1200 ms. Each block 

ended with an overview of the participants’ performance, showing 

the percentage of correct and in-time responses, and the amount of 

money earned so far (both based on the titrated feedback). Trials 

were divided over four blocks of 152 trials, which each contained 

cue-valence or target-valence trials only. Cue-valence and target-

valence blocks were alternated (‘ABAB’), with half of the participants 

starting with a cue-valence block and the other half with a target-

valence block. Conditions were formed by combining all three 

experimental factors, i.e., Block type (cue-valence/target-valence), 

Valence (win/loss/no-incentive), and Action (approach/avoid). The 

paradigm entailed 38 trials per condition for win trials, 38 trials per 

condition for loss trials, and 76 trials per condition for no-incentive 

trials (collapsed across two no-incentive colors). 
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Figure 1. Schematic depiction of trials in cue-valence (top) and target-valence 

blocks (bottom) in Experiment 1. Each trial started with the presentation of a 

square-shaped cue. In cue-valence blocks, incentive valence (win/loss/no-incentive) 

was signaled by cue color (with all targets in gray), while in target-valence blocks, 

valence was signaled by target color (with all cues presented in gray). Targets had 

to be approached (push) or avoided (pull) depending on their orientation (the 

upper panel shows an example of an approach trial, the lower panel displays an 

avoid trial). Feedback was provided directly upon response, indicating whether the 

response was correct and in-time (i.e., action-congruent movement of the manikin, 

here indicated by dotted arrow), incorrect (i.e., white cross), or too late (i.e., white 

clock). 

 

  Data analyses. Analysis procedures are the same across all 

experiments. All premature responses (defined as response times < 

150 ms) were excluded from the dataset first. Next, response times 
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(correct trials only) and error rates (in-time responses irrespective of 

the adaptive time-out procedure) were submitted to 3 x 2 x 2 

repeated-measures analyses of variance (rANOVAs), with within-

subject factors Valence (win/loss/no-incentive), Action 

(approach/avoid), and Block type (cue-valence/target-valence). A 

Greenhouse-Geisser correction was applied when the sphericity 

assumption was violated, and the p-values of post-hoc contrasts 

were corrected for the rational amount of possible comparisons by 

using Bonferroni corrections (for more information see page 1 of the 

Supplement Material). Please note that the effect size Cohen’s d 

reported for the post-hoc contrasts does not correct for multiple 

comparisons. Our main interest was the presence of valence-action 

biases as indexed by an interaction between Valence and Action 

(research question 1), and in how far such effects would be further 

modulated by Block type as indexed by a 3-way interaction between 

Valence, Action, and Block type (research question 2). In case the 

analysis revealed a Valence x Action interaction in the absence of a 3-

way interaction, we performed post-hoc contrasts based on the 2-

way interaction. In case of a significant 3-way interaction, we report 

post-hoc contrasts for the higher-order interaction. Further, we will 

describe significant main effects in the results sections of the 

individual experiments for completeness, but refer to the 

Supplement Material (Table S1) for other 2-way interactions that are 

not in the focus of this study. Finally, in the context of these 

interactions, we define valence-action biases as opposing effects of 

positive and negative valence on approach and avoidance actions. 

No-incentive trials are included to illustrate global performance 

facilitation (or impairment) due to incentive valence that may occur 

independent of the bias. 
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Results Experiment 1 

  Response times. Mean response times are depicted in Figure 

2A. The analysis revealed a main effect of Valence (F(2, 92) = 41.33, p 

< .001; η2
p = .473), with faster responses in incentive as compared to 

no-incentive trials (win vs. no-incentive: t(46) = -8.51, pcorr < .001; d 

= -1.241; loss vs. no-incentive: t(46) = -6.31, pcorr < .001; d = -0.920), 

but no significant difference between win and loss trials (pcorr > .1). 

Further, responses were generally faster in approach as compared to 

avoid trials (Action: F(1, 46) = 19.53, p < .001; η2
p = .298), and faster 

in cue-valence blocks as compared to target-valence blocks (Block 

type: F(1, 46) = 14.44, p < .001; η2
p = .239). With regard to our first 

research question, we observed the expected interaction between 

Valence and Action (F(2, 92) = 13.60, p < .001; η2
p = .228), which was 

further qualified by a significant 3-way (Valence x Action x Block type: 

F(2, 92) = 4.34, p = .016; η2
p = .086), and therefore followed up by 

post-hoc contrasts. First, focusing on target-valence blocks, we 

observed response acceleration when targets had to be approached 

in win compared to both loss trials (t(46) = -2.88, pcorr  = .018; d = -

0.421) and no-incentive trials (t(46) = -5.71, pcorr < .001; d = -0.833), 

as well as for loss compared to no-incentive trials (t(46) = -2.60, pcorr 

= .038; d = -0.379). In contrast, when targets had to be avoided, we 

found response slowing for win as compared to loss trials (t(46) = 

2.95, pcorr = .015; d = 0.431) and response acceleration in loss 

compared to no-incentive trials (t(46) = -2.81, pcorr = .022; d = -

0.410). The difference between win and no-incentive trials was not 

significant (pcorr > 1). As expected based on the 3-way interaction 

including Block type, we found a different pattern in the cue-valence 

blocks. Specifically, when targets had to be approached, responses 
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were again faster in win compared to loss trials (t(46) = -3.32, pcorr = 

.005; d = -0.484) and no-incentive trials (t(46) = -8.41, pcorr < .001; d 

= -1.226), and also in loss compared to no-incentive trials (t(46) = -

5.71, pcorr < .001; d = -0.832). In the avoid condition, we found 

significantly faster responses in both win trials (t(46) = -7.60, pcorr < 

.001; d = -1.108) and loss trials (t(46) = -5.72, pcorr < .001; d = -0.834) 

when compared to no-incentive trials, but no difference between win 

and loss incentives (pcorr > .3). Together, the results indicate that 

expected valence-action biases were only observed in target-valence 

blocks, while cue-valence blocks featured a global facilitation based 

on both incentive types. 

 

  Error rates. Mean error rates are depicted in Figure 2B. There 

was no main effect of Valence in the error rate data (p > .9). Fewer 

errors were committed in approach as compared to avoid trials 

(Action: F(1, 46) = 10.44, p = .002; η2
p = .185), as well as in cue-

valence compared to target-valence trials (Block type: F(1, 46) = 

10.26, p = .002; η2
p = .182). Further, we observed a significant 

interaction between Valence and Action (F(2, 92) = 18.98, p < .001; 

η2
p = .292), which was due to an increased error rate in incompatible 

as compared to compatible valence-action mappings, as revealed by 

post-hoc contrasts. Specifically, within the approach condition, 

participants committed fewer errors in win trials compared to loss 

trials (t(46) = -3.74, pcorr = .002; d = -0.546) and no-incentive trials 

(t(46) = -5.38, pcorr < .001; d = -0.784), with no difference between 

loss and no-incentive trials (pcorr > 1). Conversely, within the avoid 

condition, more errors were committed in win trials compared to loss 

trials (t(46) = 3.63, pcorr = .002; d = 0.529) and no-incentive trials 
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(t(46) = 3.39, pcorr = .004; d = 0.495), with no difference between 

loss and no-incentive trials (pcorr > 1). This pattern is consistent with 

the notion of incentive valence-action biases, where compatible and 

incompatible mappings lead to performance improvements and 

detriments, respectively. In contrast to the response time data, this 

pattern did not differ between Block types, as indexed by a non-

significant 3-way interaction (p > .3).   

 

Figure 2. Response times (A) and error rates (B) corresponding to cue-valence 

blocks (left) and target-valence blocks (right) for the different types of Valence 

(win/no-incentive/loss) and Action (approach/avoid) in Experiment 1. Error bars 

indicate ± one within-subject standard error (Cousineau, 2005). 
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Interim summary. In Experiment 1, we found valence-action biases in 

terms of response speed and accuracy, with performance facilitation 

for compatible (win-approach; loss-avoid) and impairment for 

incompatible valence-action mappings (loss-approach; win-avoid). In 

the response time data, these biases were moreover pronounced 

when valence was signaled by the target as compared to the cue. In 

contrast, both incentive cues led to global facilitation (faster 

responses) as compared to no-incentive trials. The differential effects 

of win versus loss incentives depending on action and block type in 

Experiment 1 are illustrated in the Supplement Material (Figure S1, 

Exp 1).  

 

Methods Experiment 2 

  In the first experiment, responses were followed directly by 

performance feedback, which represent actual incentive outcomes 

(for correct and in-time responses). Given the typical succession of 

events, the effect of such immediate performance feedback might 

have affected the data stronger in the valence-associated target 

blocks than in the valence-associated cue blocks due to the 

immediate temporal proximity of targets and feedback, hence 

potentially explaining the differences in result patterns of the block 

types. In a second experiment, we therefore introduced a systematic 

temporal delay between the target and feedback stimulus to test 

whether the amplification of the bias in target-valence relative to 

cue-valence blocks would be abolished or reduced when targets (and 

responses) are not directly followed by performance feedback. 
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  Participants. An independent sample of forty-seven students 

participated in Experiment 2 (37 females, mean age ± SD: 21.6 ± 2.9 

years, age range 18-28 years). Data from one additional (female) 

participant were excluded due to a technical problem (i.e., lost 

joystick connection). General procedures (including recruitment and 

ethical approval) were identical to Experiment 1, with the exception 

that a part of the students received a course credit (N = 18) while the 

others received a monetary reimbursement (10 Euro) for the 60-min 

session together with the earned monetary reward (average = 1.77 

euro). 

 

  Paradigm and procedure. In this experiment, we inserted a 

variable temporal delay of 1000 -2000 ms between the motor 

responses and feedback animations. In addition, to ensure that 

participants’ arm positions during feedback presentation (arm 

extension/arm flexion) were not in accordance with the direction of 

the movement feedback on the screen, feedback was postponed as 

long as the joystick was not placed back within the start position 

range (i.e., in-between the positive and negative y-axis coordinates 

for response registration). As a consequence, 0.27% of all trials 

provided feedback after an interval exceeding the 2000 ms. Because 

of longer trial durations, blocks (128 trials) and conditions (32/64 

trials) contained slightly lower amounts of trials compared to 

Experiment 1, while gains/losses were increased to 2.4-ct per 

incentive trial. In all other aspects, this Experiment was identical to 

Experiment 1. Data analysis and reporting of the results is equivalent 

to Experiment 1 (additional effects and contrasts are reported in the 

Supplement Material, Table S2). 
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Results Experiment 2 

  Response times. Mean response times are depicted in Figure 

3A. Again, we observed a main effect of Valence (F(2, 92) = 19.51, p < 

.001; η2
p = .298) with faster responses for incentive trials as 

compared to no-incentive trials (win vs. no-incentive: t(46) = -5.35, 

pcorr < .001; d = -0.780; loss vs. no-incentive: t(46) = -4.41; pcorr < 

.001; d = -0.643), but no global difference between win trials and loss 

trials (pcorr > .1). Furthermore, responses were again faster in cue-

valence as compared to target-valence blocks (Block type: F(1, 46) = 

15.46, p < .001; η2
p = .252), and also numerically faster (at statistical 

trend level) in approach as compared to avoid trials (Action: F(1,46) = 

3.17, p = .081; η2
p = .065). Above and beyond these main effects, the 

analysis again revealed a significant interaction between Valence and 

Action (F(1.76, 81.09) = 13.45, p < .001; η2
p = .226) that was driven by 

significantly faster responses within the approach condition for win 

trials than loss trials (t(46) = -3.43, pcorr = .004; d = -0.501) and no-

incentive trials (t(46) = -7.30, pcorr < .001; d = -1.065). Moreover, 

approach responses in loss trials were also faster than in no-incentive 

trials (t(46) = -3.64, pcorr = .002; d = -0.531). In the avoid condition, 

responses in loss trials were faster compared to no-incentive trials 

(t(46) = -3.56, pcorr = .003; d = -0.520), while the remaining contrasts 

were not significant (both pcorr > .2). This pattern did not differ 

between Block types as indicated by a non-significant 3-way 

interaction (Valence x Action x Block type: p > .2).  

 

  Error rates. Mean error rates are depicted in Figure 3B. Error 

rates were overall lower in cue-valence as compared to target-

valence blocks (Block type: F(1, 46) = 6.57, p = .014; η2
p = .125), while 
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the main effects of Valence and Action were not significant in the 

error rate data (both p > .2). We again observed a significant Valence 

x Action interaction (F(2, 92) = 6.89, p = .002; η2
p = .130), which was 

accompanied by a significant 3-way interaction with Block type 

(F(1.41, 65.06) = 8.61, p = .002; η2
p = .158). In this experiment, the 

interaction was driven by higher error rates in win as compared to 

loss trials (t(46) = 4.15, pcorr < .001; d = 0.605) and no-incentive trials 

(t(46) = 3.83, pcorr = .001; d = 0.559) when targets had to be avoided. 

The remaining post-hoc contrasts did not reach significance (all pcorr 

> .1). 

 

  Interim summary. Experiment 2 replicated the general 

observation of incentive valence-action biases, both in terms of 

response speed and accuracy. Moreover, the bias was again more 

pronounced when valence and action were signaled by the target, 

however, this interaction was now observed in the error rate data 

(see across-experiment analysis for further qualification). The 

differential effects of win versus loss incentives depending on action 

and block type in Experiment 2 are illustrated in the Supplement 

Material (Figure S1, Exp 2). 

 



Biasing actions by incentive valence in an approach/avoidance task     126 

 

   

Figure 3. Response times (A) and error rates (B) corresponding to cue-valence 

blocks (left) and target-valence blocks (right) for the different types of Valence 

(win/no-incentive/loss) and Action (approach/avoid) in Experiment 2. Error bars 

indicate ± one within-subject standard error. 

 

Methods Experiment 3 

  To further explore the nature of the observed valence-action 

biases, we tested whether the 3-way interaction between Valence, 

Action and Block type in Experiment 1 (response times) and 

Experiment 2 (error rates) might be due to the fact that during 

target-valence blocks, valence and action signals were presented  

simultaneously - irrespective of the associated event (here, target). In 

the third experiment, valence and action signals were hence always 
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presented simultaneously, either bound to the cue or bound to the 

target. Note that although the cue manipulation is different as 

compared to Experiment 1 and 2 (in that the cue also includes action 

information), we will keep the same block labels (i.e., cue-valence 

and target-valence) for simplicity. 

 

  Participants. Another independent sample of forty students (31 

females, mean age ± SD: 18.9 ± 0.9 years, age range 18-21) was 

recruited for Experiment 3. General procedures were identical to 

Experiment 1, except that all students received a course credit for the 

60-min session, as well as their earned monetary reward (average 

bonus = 1.81 euro). 

 

  Paradigm and procedure. Participants again performed a 

similar version of the first experiment, with the major difference that 

both valence and action information were coupled to either cues or 

targets in discrete blocks. The respective other event only provided 

temporal information in that targets in cue-valence blocks signaled 

the moment of response execution, while cues in target-valence 

blocks signaled the start of the trial. The task is illustrated in Figure 4. 

Although the cue manipulation is different from Experiments 1 and 2, 

we will keep referring to the different block types as cue-valence 

blocks and target-valence blocks for simplicity. Cues and targets were 

shaped differently in cue-valence blocks (rectangles vs. circles) 

compared to target-valence blocks (squares vs. ellipses) in order to 

help participants to dissociate the block types. Since cues in this 

experiment could contain all the required information already, we 

endeavored to prevent participants from responding to these cues 
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directly (i.e., before target presentation). To this end, an additional 

type of feedback was included in case the joystick position already 

exceeded the response threshold at the time of the target onset (‘te 

vroeg’, meaning: ‘too early’). Incorrect and late responses were 

followed by the words ‘fout’ (i.e., error) and‘te laat’ (i.e., too late), 

respectively. In all other aspects, this experiment was identical to 

Experiment 1. Data analysis and reporting of the results is equivalent 

to Experiments 1 and 2 (additional effects and contrasts are reported 

in the Supplement Material, Table S3). 

 

 

Figure 4. Schematic depiction of trials in cue-valence (top) and target-valence 

blocks (bottom) in Experiment 3. In contrast to Experiments 1 and 2, both valence 

and action information were linked to either the cues or the targets in discrete 

blocks. The respective other event (in grey) only provided temporal information in 

that targets in cue-valence blocks signaled the moment of response execution, 
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while cues in target-valence blocks signaled the start of the trial. Although the cue 

manipulation in this experiment differs from the one applied in Experiment 1 and 2, 

we keep referring to the different block types as cue-valence blocks and target-

valence blocks. 

 

Results Experiment 3 

  Response times. Mean response times are depicted in Figure 

5A. Like in Experiments 1 and 2, a main effect of Valence (F(2, 78) = 

21.73, p < .001; η2
p = .358) confirmed faster responses for win trials 

compared to loss trials (t(39) = -3.76, pcorr = .002; d = -0.594) and no-

incentive trials (t(39) = -6.05; pcorr < .001; d = -0.956), and for loss 

trials compared to no-incentive trials (t(39) = -3.28, pcorr = .007; d = -

0.519). Further, a main effect of Block type (F(1, 39) = 540.80, p < 

.001; η2
p = .933) indicated that responses in cue-valence blocks were 

faster than in target-valence blocks, consistent with the fact that a 

response could be fully prepared in this case. There was no main 

effect of Action in the response time data of this experiment (F(1, 39) 

< 0.01; p = .996; η2
p < .001). The interaction between Valence and 

Action was marginally significant (F(2, 78) = 2.99, p = .056; η2
p = .071). 

Post-hoc contrasts indicated response acceleration in win compared 

to loss trials (t(39) = -4.06; pcorr < .001; d = -0.642) as well as no-

incentive trials (t(39) = -5.55; pcorr < .001; d = -0.877), but not for loss 

compared to no-incentive trials (pcorr > .2) when targets had to be 

approached. The pattern was similar but less pronounced in avoid 

trials, with response acceleration in win as compared to no-incentive 

trials (t(39) = -3.53; pcorr = .003; d = -0.558) as well as in loss 

compared to no-incentive trials (t(39) = -3.16; pcorr = .009; d = -

0.500), and no difference between win and loss trials (pcorr > 1). The 
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3-way interaction between Valence, Action, and Block type in the 

response time data of this experiment was not significant (p > .5). 

 

  Error rates. Mean error rates are depicted in Figure 5B. The 

analysis again revealed an expected main effect of Block type (F(1, 

39) = 72.99, p < .001; η2
p = .652), with increased error rates in target-

valence as compared to cue-valence blocks. Consistent with the 

response time data, there was an interaction between Valence and 

Action (F(2, 78) = 10.97, p < .001; η2
p = .220), which was moreover 

accompanied by a significant 3-way interaction with Block type (F(2, 

78) = 12.46, p < .001; η2
p = .242). Post-hoc contrasts within target-

valence blocks revealed lower error rates in win as compared to loss 

trials (t(39) = -3.77, pcorr = .002; d = -0.596) and no-incentive trials 

(t(39) = -3.00, pcorr = .014; d = -0.474) when targets had to be 

approached. Conversely, higher error rates were observed in win 

trials compared to loss trials (t(39) = 3.79, pcorr = .002; d = 0.600) and 

no-incentive trials (t(39) = 3.65, pcorr = .002; d = 0.577) when targets 

had to be avoided. The remaining post-hoc contrasts in target-

valence blocks were not significant (both pcorr > .2). The same 

contrasts within cue-valence blocks were not significant (all pcorr > 

.1). 
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Figure 5. Response times (A) and error rates (B) corresponding to cue-valence 

blocks (left) and target-valence blocks (right) for the different types of Valence 

(win/no-incentive/loss) and Action (approach/avoid) in Experiment 3. Although the 

cue manipulation in this experiment differs from the one applied in Experiment 1 

and 2, we here refer to the different block types as cue-valence blocks and target-

valence blocks for simplicity. Note that for better visibility of the within-block 

effects and due to the strong main effect of Block Type, the y-axis for cue-valence 

blocks is different from that of the target-valence blocks (indicated by #). Error bars 

indicate ± one within-subject standard error. 

 

  Interim summary. We again observed valence-action biases in 

terms of accuracy, which were more pronounced when valence and 

action were signaled by the target – which is more consistent with 

Experiment 2 than Experiment 1 (see across-experiment analysis for 
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further qualification). Since this experiment contrasts concurrent 

valence and action signals at the moment of the target directly with 

concurrent signals at the moment of the cue, the results suggest that 

mere temporal coincidence may not be the main reason for 

pronounced biases. Instead, it seems that the association with 

different trial events (cue vs. target) is the defining factor. The 

differential effects of win versus loss incentives depending on action 

and block type in Experiment 3 are illustrated in the Supplement 

Material (Figure S1, Exp 3). 

 

Across-experiment analysis 

  In order to investigate the strength of the interaction patterns 

in response time and error rate data, and to verify potential 

systematic influences of experimental version, we combined the data 

of all participants in one rANOVA with ‘Experiment’ as between-

subject factor (N = 134). For this combined analysis, we again focused 

on the interactions corresponding to the main research questions 

(Valence x Action and Valence x Action x Block type) and their 

potential modulation by experimental version. Additional main 

effects and interactions, as well as relevant post-hoc contrasts, are 

reported in the Supplement Material (Table S4). As noted above, we 

will refer to the different block types as cue-valence and target-

valence blocks in all experiments although the cue-block 

manipulation is slightly different in Experiment 3. 
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  Response times. Mean response times collapsed across 

Experiments 1, 2 and 3 are depicted in Figure 6A. Across three 

experiments, we observed a significant interaction between Valence 

and Action (F(1.86, 243.38) = 25.33, p < .001; η2
p = .162), regardless 

of experimental version (Valence x Action x Experiment: p > .2). 

Although this is in line with our predictions, we will not further 

characterize this interaction given the presence of a higher order 

interaction, i.e., Valence x Action x Block type (F(1.72, 225.13) = 4.51, 

p = .016; η2
p = .033), which was again independent of experimental 

version (Valence x Action x Block type x Experiment  p > .7). When 

breaking down this interaction, we observed that target-valence 

blocks featured strong valence-action biases, while cue-valence 

blocks mostly featured global response acceleration for both win and 

loss incentives. Specifically, post-hoc contrasts within target-valence 

blocks showed faster responses in win as compared to loss trials 

(t(131) = -4.59; pcorr < .001; d = -0.396) and no-incentive trials (t(131) 

= -8.40; pcorr < .001; d = -0.726) when targets had to be approached. 

In contrast, responses were slower in win compared to loss trials 

(t(131) = 2.46, pcorr = .046; d = 0.212) when targets had to be 

avoided. The remaining contrasts within target-valence blocks were 

not significant (all pcorr >.1). This pattern is in line with valence-

action biases with response speeding and slowing for compatible as 

compared to incompatible mappings, respectively, again in line with 

our hypothesis. The analogous analysis in the approach trials of the 

cue-valence blocks revealed faster responses in both win compared 

to no-incentive trials (t(131) = -11.21, pcorr < .001; d = -0.968) and 

loss as compared to no-incentive trials (t(131) = -7.68, pcorr < .001; d 

= -0.664). Moreover, responses in win trials were overall faster than 

loss trials (t(131) = -5.16, pcorr < .001; d = -0.446). In the avoid 
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condition, the pattern was similar with faster responses for both win 

compared to no-incentive trials (t(131) = -9.18, pcorr < .001; d = -

0.793) and loss compared to no-incentive trials (t(131) = -9.04; pcorr 

< .001; d = -0.781), with no difference between win trials and loss 

trials (pcorr > 1). Hence, in contrast to target-valence, the cue-

valence manipulation led to global facilitation in both incentive trial 

types, more or less independent of actual valence and action type. 

 

  Error rates. Mean error rates collapsed across Experiments 1, 2 

and 3 are depicted in Figure 6B. Like in the response time data, we 

observed a significant interaction between Valence and Action 

(F(1.89, 247.97) = 32.67, p < .001; η2
p = .200), with no modulation 

based on experimental version (Valence x Action x Experiment p > .5). 

Again, this was accompanied by a significant 3-way interaction with 

Block type (F(1.62, 211.66) = 16.83, p < .001; η2
p = .114), which was 

independent of experimental version (Valence x Action x Block type x 

Experiment: p > .2). Breaking down the interaction by means of post-

hoc contrasts showed that within target-valence blocks, error rates 

were lower in win compared to loss trials (t(131) = -4.53, pcorr < 

.001; d = -0.392) and no-incentive trials (t(131) = -4.32, pcorr < .001; d 

= -0.373) when targets had to be approached. In contrast, higher 

error rates were observed in win compared to loss trials (t(131) = 

6.52, pcorr < .001; d = 0.563) and no-incentive trials (t(131) = 6.58, 

pcorr < .001; d = 0.568) when targets had to be avoided. The 

remaining contrasts within target-valence blocks were not significant 

(all pcorr >.1). Within cue-valence blocks, only one post-hoc contrast 

was significant, indexing lower error rates for win compared to no-

incentive trials (t(131) = -2.68, pcorr = .025; d = -0.232) when targets 
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had to be approached (all other pcorr > .1), suggesting that the cue-

valence manipulation had little effect on performance in terms of 

response accuracy across experiments.  

   

 

Figure 6. Response times (A) and error rates (B) corresponding to cue-valence 

blocks (left) and target-valence blocks (right) for the different types of Valence 

(win/no-incentive/loss) and Action (approach/avoid) collapsed over Experiment 1, 

2 and 3. Although the cue manipulation differs between experiments, we here 

refer to the different block types as cue-valence blocks and target-valence blocks. 

Note that (similar to Figure 5) the y-axis for cue-valence blocks is different from 

that of the target-valence blocks (indicated by #). The means per condition 

represent estimated marginal means to account for differences in amount of 

included participants between experiments. Error bars indicate ± one within-

subject standard error. 
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  Interim summary. Across three experiments, we found that 

valence-action biases are more pronounced when valence and action 

information is concurrently signaled by the target. When valence 

(and action) was, however, signaled by advance cues, we observed 

global performance benefits of both win and loss incentives, 

regardless of valence and action type. The differential effects of win 

versus loss incentives depending on action and block type across 

experiments are illustrated in the Supplement Material (Figure S1, 

Exp 1-2-3). Although each individual experiment featured this 

interaction pattern mostly in one of the dependent measures, it was 

significant in both response times and error rates in the more 

powerful analysis across experiments, and, in turn, independent of 

experimental version. 

 

Discussion 

  The aim of the present work was to examine interactions 

between incentive valence and action requirements in a paradigm 

that bridges between existing studies in the motivational and 

emotional domain. To this end, we employed a novel incentive 

approach-avoidance paradigm that includes a combination of design 

features implemented in different previous studies, including 

changing valence-action combinations from trial-to-trial, no-incentive 

trials as a neutral baseline, and more natural approach/avoidance 

movements. In line with our first hypothesis (research question 1), 

we observed incentive valence-action biases, with performance 

benefits for compatible mappings (win-approach; loss-avoid) as 

compared to incompatible mappings (loss-approach; win-avoid) 

across three experiments. This pattern generally mirrors valence-
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action biases that have been described in the emotional domain (e.g., 

Chen & Bargh, 1999; Krieglmeyer et al., 2010; Markman & Brendl, 

2005; Seibt et al., 2008), and is moreover consistent with more 

recent studies employing incentive Go/NoGo paradigms (e.g., 

Cavanagh, Eisenberg, Guitart-Masip, Huys, & Frank, 2013; Guitart-

Masip et al., 2011, 2012; Richter et al., 2014). Although we did not 

formally test the influence of the combination of different design 

features (approach/avoid movements, contrasting positive, negative, 

and no-incentive trials, changing valence-action feature 

combinations), our data hints at possible reasons why other studies 

have failed to find such clear interactions (e.g., Hoofs et al., 2018; 

Verbruggen & McLaren, 2016). Importantly, despite paradigmatic 

differences at multiple levels, one important common feature of 

studies that revealed incentive valence-action biases seems to be 

that positive, negative, and no-incentive stimulus features were 

intermixed in a trial-by-trial fashion - which is in contrast to block or 

between-subject manipulations in earlier work. Globally, it seems 

reasonable to assume that trial-by-trial manipulations (e.g., Krebs, 

Boehler, & Woldorff, 2010; Novak & Foti, 2015; Zhang, Li, Wang, Liu, 

& Zheng, 2017) promote transient effects which can induce both 

performance benefits and costs (i.e., biases), while block or group 

manipulations (e.g., Locke & Braver, 2008; Umemoto & Holroyd, 

2015) emphasize sustained attentional effects that are typically 

associated with performance benefits (Krebs & Woldorff, 2017). 

Overall, considering previous inconsistent findings in this domain, it is 

promising that the general pattern of incentive-based valence-action 

biases is replicated across different variants of the same task (with a 

total sample of 134 participants).  
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 By associating valence and action information to either cue or 

target features in different blocks within the same task, the present 

paradigm allowed to test additional predictions with regard to 

different control processes and their contribution to valence-action 

biases (research question 2). This is inspired by the observation that 

the majority of studies in the motivational domain use cuing 

procedures, that are known to trigger preparatory control 

mechanisms (Braver et al., 2014; Krebs & Woldorff, 2017), while 

studies on emotional valence-action biases mostly feature valence 

targets, thereby probing more immediate (and potentially even 

automatic) effects (Bargh et al., 1996; Chen & Bargh, 1999; Kozlik et 

al., 2015). We hypothesized that valence-action biases would be 

pronounced in trials in which valence and action signals are directly 

associated with targets as compared to cues, considering that there is 

less room for controlled, preparatory mechanisms (Chiew & Braver, 

2016), and in turn a higher probability of (automatic) response 

activation (Krebs & Woldorff, 2017; Ridderinkhof, Forstmann, Wylie, 

Burle, & van den Wildenberg, 2011). Support for this notion also 

comes from transcranial magnetic stimulation studies showing that 

positive and negative events differentially bias motor excitability that 

probes the onset of corresponding approach and avoid responses 

(Cai, Oldenkamp, & Aron, 2011; Chiu, Cools, & Aron, 2014; Swann et 

al., 2012). In line with our prediction, we found that valence-action 

biases were pronounced when valence and action were signaled by 

the target as compared to the cue, as indexed by a 3-way interaction 

between Valence, Action, and Block type in the response time data 

(Experiment 1). In two follow-up experiments, we explored potential 

alternative explanations for this result pattern. In Experiment 2, we 

tested if the difference between target-valence and cue-valence 
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blocks would be diminished or even abolished by introducing a delay 

between the target and the feedback event, based on the idea that 

immediate valence feedback might have increased the impact of 

target-valence relative to cue-valence, e.g., through associative 

learning. This manipulation again revealed pronounced valence-

action biases in the target-valence blocks, indicating that immediate 

feedback is at least not a major driving factor for this effect. Of note, 

the respective result pattern was now expressed in the error rate 

data rather than in terms of response speed (see below). Experiment 

3 was conducted to explore whether the differential effects between 

block types could be driven by mere temporal coincidence of valence 

and action signals - which is unique to target-valence blocks in 

Experiments 1 and 2. To this end, valence and action signals were 

now also concurrently presented in the cue-valence blocks. If mere 

temporal coincidence would amplify valence-action biases, there 

should be no systematic difference between block types in this setup. 

However, we again found pronounced biases in the target-valence as 

compared to the cue-valence blocks in the error rate data, suggesting 

that these differences are driven by the association with different 

trials events, i.e., cues and targets.  

 In order to test for systematic differences between 

experimental versions regarding the expression of this interaction in 

response time and error rate data, we combined the data of all 134 

participants and included experiment as between-subject factor. This 

analysis confirmed that positive and negative incentive valence led to 

a differential facilitation of approach and avoid responses when 

valence and action were signaled by the target. In contrast, if this 

information was signaled by cues ahead of time, it triggered global 
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response facilitation more or less regardless of actual valence and 

action requirements. Importantly, this pattern was present in both 

response time and error rate data and did not differ significantly 

between experiments, which seems to qualify the variations in the 

result patterns (including response time vs. error rate data) as non-

systematic. We interpret the results in the light of different control 

mechanisms (preparatory versus immediate) that are triggered by 

the different trial events. Specifically, target-locked incentives induce 

performance benefits and costs when valence and action information 

is compatible and incompatible, respectively, which likely arises due 

to a fairly automatic response activation dependent on positive and 

negative valence stimuli. In contrast, cue-locked incentives result in 

performance benefits, more or less independent of actual valence 

and action type, suggesting that preparatory processes are 

emphasized that can counteract potential inherent valence-action 

biases. This dissociation between block types is especially interesting 

considering that the task goal is identical in all trials, i.e., fast and 

correct performance to maximize incentives. It seems that inherent 

valence-action biases could not be overridden by the top-down task 

goal if there is no time for strategic preparation. Although the bias 

was mainly expressed in response times in Experiment 1 and in 

accuracy in Experiments 2 and 3, the across-experiment analysis 

provided no evidence for a systematic effect of experimental version 

in that the interaction of interest was present in both dependent 

measures and in the absence of a higher-order interaction with 

experiment.  

 The current results further illuminate the nature of valence-

action biases in that they bridge between previous studies in 
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different domains. Specifically, by linking valence and action signals 

to either targets or cues, we were able to relate the results to studies 

in the emotional domain, which first reported response biases to 

valenced target stimuli (e.g., Chen & Bargh, 1999; Krieglmeyer et al., 

2010; Markman & Brendl, 2005; Seibt et al., 2008), as well as in the 

motivational domain, which mostly employed cueing designs (e.g., 

Geurts, Huys, Den Ouden, & Cools, 2013; Guitart-Masip et al., 2011, 

2012; Hoofs et al., 2018; Wagenbreth et al., 2015). Moreover, the 

present study extends previous work in that it dissociates processes 

related to automatic evaluation and immediate response activation 

(target-locked), and more controlled influences related to 

preparatory attention (cue-locked). Specifically, the target-locked 

effects are not only in line with previous findings in the emotional 

domain (as discussed above), but also with the observation that 

reward-related stimuli can impair performance if they occur in an 

irrelevant spatial location or are linked to a competing response 

(Anderson, Laurent, Yantis, Grados, & Umaña, 2011; Anderson, 

Laurent, & Yantis, 2011; Krebs, Boehler, Egner, & Woldorff, 2011; 

Krebs et al., 2010). Interestingly, while most previous studies 

reporting valence-action biases in the motivational domain used 

learning or conditioning procedures (Freeman et al., 2014; Geurts et 

al., 2013; Guitart-Masip et al., 2011, 2012; Huys et al., 2011), we 

observed that these biases can also be brought about by instructing 

certain stimulus-valence mappings without excessive training.  

 With regard to the cue-locked effects, we also replicate well-

known facilitation effects that rely on controlled, preparatory 

attention mechanisms (Braver et al., 2014; Krebs & Woldorff, 2017; 

Pessoa & Engelmann, 2010). Interestingly, these effects of incentive 
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cue (or block) manipulations seem to be largely independent of the 

specific task requirements; and the current study furthermore 

suggests that they are even independent of ‘natural’ movement 

direction (in contrast to the target-locked effects). And related to 

this, the present results are also in line with our earlier study (Hoofs 

et al., 2018), in which we manipulated incentive valence in a cued 

approach/avoidance task in a between-subject design (group 1: win 

vs. no-incentive; group 2: loss vs. no-incentive). Despite the 

differences in design, we observed global behavioral facilitation for 

both types of valence, regardless of the required action, which is 

similar to the present study. That said, the global facilitation after 

incentive cues seems to be inconsistent with the studies by Guitart-

Masip and colleagues (2011, 2012), which featured concurrent 

valence and action signals at the moment of the cue (similar to our 

manipulation in Experiment 3). In contrast to our own findings, these 

studies revealed cue-induced valence-action biases in the expected 

direction. However, this discrepancy may be explained by additional 

important differences in the design, including Go/NoGo vs. 

approach/avoid actions, the absence vs. presence of no-incentive 

trials, fixed vs. variable valence-action combinations, and learned vs. 

instructed feature-reward associations. First, in the 

approach/avoidance paradigm, withholding a response was never 

beneficial, which is in contrast to a Go/NoGo design. In turn, 

participants would have to prepare a response in every trial in the 

present design, ameliorating basic differences between cued Go and 

NoGo trials (see Schevernels et al., 2016). Second point, the 

introduction of no-incentive trials might have impacted participants’ 

perceived value of the potential wins and losses. In our earlier study, 

we compared the impact of win and loss trials relative to their 
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respective no-incentive baseline in independent samples and found 

that they had a similar impact on performance (Hoofs et al., 2018; 

see also Verbruggen & McLaren, 2016). This is in contrast to the 

present study (and Guitart-Masip et al., 2011) and suggests that the 

trial context may modulate how positive and negative incentives are 

processed. Third, we believe that the fixed mapping between valence 

and action information in the studies by Guitart-Masip and 

colleagues renders their task easier - above and beyond the fact that 

there are fewer conditions in total (no no-incentive stimuli and no 

target-valence blocks). Specifically, once they have learned the 

contingencies, participants could in principle perform the task by 

attending to two only fractal stimuli (again assuming that NoGo cues 

did not require any preparation or action; see (Schevernels et al., 

2016). Given that the current study is more cognitively involving, it is 

all the more interesting that participants are still prone to commit 

errors in trials containing incompatible valence-action information - 

which supports the notion of some level of automaticity. Finally, we 

note that the mappings in the paradigm by Guitart-Masip and 

colleagues had to be learned (which is cognitively demanding at a 

different level), while the feature associations in the current study 

were explicitly instructed. Together, it seems possible that the 

combination of the discussed paradigmatic differences (and 

especially the response mode and the number of conditions) 

contributed to the observation of cue-triggered valence-action biases 

reported by Guitart-Masip and colleagues (2011) that were absent in 

our study. That said, testing the specific contribution of these 

different design aspects is beyond the scope of the present study, 

and our interpretations therefore remain speculative. Regardless, we 

believe that the present design allows to compare cue-locked and 
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target-locked effects of valence/action mappings in a fairly controlled 

manner. This, however, does not imply that valence-action biases 

cannot be triggered by cues in a different task context.  

 To conclude, across three experiments, we observed 

performance benefits for compatible valence-action targets versus 

incompatible ones (win-approach; loss-avoid vs. win-avoid; loss-

approach), consistent with the idea that positive and negative 

incentive stimuli trigger opposing response tendencies - similar to 

inherently emotional events. In contrast, when valence and action 

information was bound to cues, both positive and negative incentive 

stimuli led to response facilitation regardless of the actual response, 

which is reminiscent of well-known preparatory effects of incentive 

cues across diverse cognitive tasks and functions. While these 

findings help to bridge between the motivational and emotional 

domain with regard to (inherent) valence-action biases, future 

studies are needed for a more direct comparison. Finally, taking a 

broader perspective, we believe that, despite of the somewhat 

indirect link between study types, that the present results may be 

valuable for applied domains, such as behavioral approach/avoidance 

training (Adams, Lawrence, Verbruggen, & Chambers, 2017; Veling, 

Lawrence, Chen, van Koningsbruggen, & Holland, 2017). Specifically 

we think that the current study may help to optimize these 

procedures in terms of event timing, as well as in terms of the 

potential use of monetary incentives for establishing novel stimulus-

response mappings.  
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Supplement Material 

  The Supplement Materials include detailed overviews of the 

statistical tests of interest for each individual experiment (Tables S1-

S3), statistical tests across experiments 1-2-3 (Table S4),  

and a figure illustrating the differential effects of win versus loss 

incentives depending on action and block type  for each experiment 

as well as across experiments (Figure S1).  
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Supplement Material 

 

Overview of the statistical tests 

  Tables S1-S4 provide an overview of the (marginal) significant 

main effects and interactions for each individual experiment, as well 

as for the across-experiment analysis. Significant post-hoc contrasts 

are provided for significant interactions of interest (Valence x Action 

and Valence x Action x Block type). Generic table legend: rANOVA = 

repeated-measures analyses of variance, RTs = response times, ERs = 

error rates, pcorr = Bonferroni corrected p-values. Example of how to 

interpret the contrast names: win - loss | cue-valence: post-hoc 

contrast to examine the performance differences between win and 

loss trials of the cue-valence blocks. Although the cue manipulation 

differs between experiments, we here refer to the different block 

types as cue-valence blocks and target-valence blocks for simplicity. 

The Bonferroni corrections for post-hoc contrasts were based on the 

amount of possible comparisons within the specifically described 

context. For instance, the contrast of win and loss trials within the 

approach condition of cue-valence blocks has been corrected for 3 

possible comparisons (i.e., win - loss, win - no-incentive, loss - no-

incentive). Please note that Cohen’s d does not correct for multiple 

comparisons. 



Biasing actions by incentive valence in an approach/avoidance task     155 

 

   

Table S1 

 

 

 

Experiment 1 
    Factor(s) df F p η2

p 

RTs main Valence 2, 92 41.33 < .001 .473 

 rANOVA Action 1, 46 19.53 < .001 .298 

  Block type 1, 46 14.44 < .001 .239 

  Valence x Action 2, 92 13.60 < .001 .228 

  Valence x Block type 2, 92 18.60 < .001 .291 

  Action x Block type 1, 46 8.56 .005 .157 

  Valence x Action x Block type 2, 92 4.34 .016 .086 

    Contrast df t pcorr d 

  win - loss | cue-valence | approach 46 -3.32 .005 -0.484 

  win - no-incentive | cue-valence | approach 46 -8.41 <.001 -1.226 

  loss - no-incentive | cue-valence | approach 46 -5.71 <.001 -0.832 

  win - no-incentive | cue-valence | avoid 46 -7.60 <.001 -1.108 

  loss - no-incentive | cue-valence | avoid 46 -5.72 <.001 -0.834 

  win - loss | target-valence | approach 46 -2.88 .018 -0.421 

  win - no-incentive | target-valence | approach 46 -5.71 <.001 -0.833 

  loss - no-incentive | target-valence | approach 46 -2.60 .038 -0.379 

  win - loss | target-valence | avoid 46 2.95 .015 0.431 

  loss - no-incentive | target-valence | avoid 46 -2.81 .022 -0.410 

  Factor(s) df F p η2
p 

ERs main Action 1, 46 10.44 .002 .185 

 rANOVA Block type 1, 46 10.26 .002 .182 

  Valence x Action 2, 92 18.98 <.001 .292 

  Valence x Block type 2, 92 3.95 .023 .079 

    Contrast df t pcorr d 

   win - loss | approach 46 -3.74 .002 -0.546 

   win - no-incentive | approach 46 -5.38 <.001 -0.784 

   win - loss | avoid 46 3.63 .002 0.529 

   win - no-incentive | avoid 46 3.39 .004 0.495 
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Experiment 2 

    Factor(s)       df      F        p        η2
p 

RTs main Valence 2, 92 19.51 <.001 .298 

  rANOVA Action 1, 46 3.17 .081 .065 

    Block type 1, 46 15.46 <.001 .252 

  Valence x Action 1.76, 81.09 13.45 <.001 .226 

    Valence x Block type 2, 92 17.68 <.001 .278 

    Contrast df t pcorr d 

    win - loss | approach 46 -3.43 .004 -0.501 

    win - no-incentive | approach 46 -7.30 <.001 -1.065 

    loss - no-incentive | approach 46 -3.64 .002 -0.531 

    loss - no-incentive | avoid 46 -3.56 .003 -0.520 

    win - no-incentive | cue-valence 46 -5.80 <.001 -0.846 

    loss - no-incentive | cue-valence 46 -6.51 <.001 -0.950 

    Factor(s) df F p η2
p 

ERs  main Block type 1, 46 6.57 .014 .125 

  rANOVA Valence x Action 2, 92 6.89 .002 .130 

    Valence x Block type 2, 92 4.20 .018 .084 

    Action x Block type 2, 92 3.09 .085 .063 

  Valence x Action x Block type 1.41, 65.06 8.61 .002 .158 

    Contrast df t pcorr d 

  win - no-incentive | target-valence 46 2.59 .039 0.377 

    win - loss | target-valence 46 2.73 .027 0.398 

    win - loss | target-valence | avoid 46 4.15 <.001 0.605 

    win - no-incentive | target-valence | avoid 46 3.83 .001 0.559 
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Experiment 3 
    Factor(s)    df     F     p     η2

p 

RTs main Valence 2, 78 21.73 <.001 .358 

  rANOVA Block type 1, 39 540.80 <.001 .933 

    Valence x Action 2, 78 2.99 .056 .071 

    Valence x Block type 2, 78 3.43 .037 .081 

  Action x Block type 1, 39 11.22 .002 .223 

    Contrast df t pcorr d 

    win - loss | approach 39 -4.06 <.001 -0.642 

  win - no-incentive | approach 39 -5.55 <.001 -0.877 

  win - no-incentive | avoid 39 -3.53 .003 -0.558 

  loss - no-incentive | avoid 39 -3.16 .009 -0.500 

  win - loss | cue- valence 39 -3.14 .010 -0.497 

    Factor(s) df F p η2
p 

ERs main Block type 1, 39 72.99 <.001 .652 

  rANOVA Valence x Action 2, 78 10.97 <.001 .220 

    Valence x Action x Block type 2, 78 12.46 <.001 .242 

    Contrast df t pcorr d 

    win - loss | target-valence | approach 39 -3.77 .002 -0.596 

    win - no-incentive | target- valence | approach 39 -3.00 .014 -0.474 

    win - loss | target- valence | avoid 39 3.79 .002 0.600 

    win - no-incentive | target- valence | avoid 39 3.65 .002 0.577 
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Table S4 

Experiment 1-2-3 
    Factor(s)      df     F     p     η2

p 

RTs main Valence 2, 262 75.85 <.001 .367 

  rANOVA Action 1, 131 12.28 <.001 .086 

    Block type 1, 131 462.54 <.001 .779 

    Experiment 2, 131 12.30 <.001 .158 

    Valence x Action 1.86, 243.38 25.33 <.001 .162 

    Valence x Block type 2, 262 34.55 <.001 .209 

    Action x Block type 1, 131 20.51 <.001 .135 

  Action x Experiment 2, 131 3.88 .023 .056 

  Block type x Experiment 2, 131 240.98 <.001 .786 

  Valence x Action x Block type 1.72, 225.13 4.51 .016 .033 

  Valence x Block type x Experiment 4, 262 3.45 .009 .050 

  Action x Block type x Experiment 2, 131 4.29 .016 .061 

    Contrast df t pcorr d 

    win - loss | cue-valence | approach 131 -5.16 <.001 -0.446 

    win - no-incentive | cue-valence | approach 131 -11.21 <.001 -0.968 

    loss - no-incentive | cue-valence | approach 131 -7.68 <.001 -0.664 

    win - no-incentive | cue-valence | avoid 131 -9.18 <.001 -0.793 

    loss - no-incentive | cue-valence | avoid 131 -9.04 <.001 -0.781 

    win - loss | target-valence | approach 131 -4.59 <.001 -0.396 

    Win - no-incentive | target-valence | approach 131 -8.40 <.001 -0.726 

    win - loss | target-valence | avoid 131 2.46 .046 0.212 

    Factor(s) df F p η2
p 

ERs  main Action 1, 131 7.57 .007 .055 

  rANOVA Block type 1, 131 89.63 <.001 .406 

   Experiment 2, 131 6.57 .002 .091 

   Valence x Action 1.89, 247.97 32.67 <.001 .200 

   Valence x Block type 2, 262 8.02 <.001 .058 

   Action x Experiment 2, 131 3.18 .045 .046 

   Block type x Experiment 2, 131 29.91 <.001 .313 

   Valence x Action x Block type 1.62, 211.66 16.83 <.001 .114 

    Contrast df t pcorr d 

    win - no-incentive | cue-valence | approach 131 -2.68 .025 -0.232 

    win - loss | target-valence | approach 131 -4.53 <.001 -0.392 
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Figure S1 

 

    win - no-incentive | target-valence | approach 131 -4.32 <.001 -0.373 

    win - loss | target-valence | avoid 131 6.52 <.001 0.563 

   win - no-incentive | target-valence | avoid 131 6.58 <.001 0.568 
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Figure S4. Differential effects of win versus loss incentives in response times (A) and error 

rates (B) for each individual experiment (Exp 1, 2, and 3) and across experiments (Exp 1-2-3). 

Incentive difference values (win minus loss) are depicted dependent on action type 

(approach: white bars; avoid: black bars) and block type (cue-valence: left; target-valence: 

right). A relative facilitation for win as compared to loss is indexed by negative values, a 

relative facilitation by loss as compared to win is indexed by positive values. Although the 

cue manipulation differs between experiments, we here refer to the different block types as 

cue-valence blocks and target-valence blocks. For the plots across experiments, the means 

per condition represent estimated marginal means to account for differences in amount of 

included participants between experiments. Error bars indicate ± one within-subject 

standard error. 
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Chapter 5 

(Mis)guided by expecting the good: The prospect of 

positive stimuli can provoke action biases and 

undermine goal-directed behaviour* 
 

 

Positive and negative events are known to trigger opposing action 

tendencies (approach vs. avoidance). It is, however, debated in how 

far these mappings can be influenced by goal-directed control 

processes. In the present study, Valence prospect (positive/neutral) 

could be signalled by cue and target colours to probe controlled 

versus ad hoc valence processing, respectively. Orthogonal to this, 

Action type (approach/avoid) was indicated by target orientation. 

Importantly, actual valence stimuli (faces) were only presented after 

response execution to prevent for direct response capture. In two out 

of three experiments, we observed performance benefits for positive-

approach versus neutral-approach trials, which were absent in the 

avoid trials. Importantly, in contrast to previous studies requiring 

direct responses to positive stimuli, the approach bias here was 

triggered by mere valence prospect. Moreover, the bias occurred even 

when valence was signalled by advance cues, which should reduce a 

direct integration of valence and action information and promote 

more controlled processes. Finally, across experiments, the bias 

seemed to be modulated by the relative saliency of the face stimuli in 

the respective trial context. This study shows that the prospect of 

positive valence triggers approach responses that can undermine 

performance even if there is room for goal-directed control. 



(Mis)guided by expecting the good: The prospect of positive stimuli     162 

            can provoke action biases and undermined goal-directed behaviour 

   

 

* Hoofs, V. & Krebs, R. M. (under review). (Mis)guided by expecting 

the good: The prospect of positive stimuli can provoke action biases 

and undermine goal-directed behaviour. Cognition & Emotion 
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Introduction 

Inherent mappings between emotional valence and action 

tendencies have been important for surviving predators in prehistoric 

times (Elliot, 2006). In psychological research, these mappings (often 

identified as valence-action biases) refer to behavioural benefits for 

compatible (positive-approach; negative-avoid) as compared to 

incompatible (positive-avoid; negative-approach) mappings 

(Krieglmeyer, Deutsch, De Houwer, & De Raedt, 2010; Markman & 

Brendl, 2005; Seibt, Neumann, Nussinson, & Strack, 2008). It is 

generally thought that these biases result from rather automatic 

evaluation of positive and negative events probing approach and 

avoid responses (Bargh, Chaiken, Raymond, & Hymes, 1996; Chen & 

Bargh, 1999; Kozlik, Neumann, & Lozo, 2015), but there is also 

evidence for the notion that task relevance of the emotional content 

seems to be a prerequisite for these biases to occur (Phaf, Mohr, 

Rotteveel, & Wicherts, 2014; Rotteveel & Phaf, 2004). In turn, this 

would render valence-action mappings more susceptible to cognitive 

control influences. 

 In a recent line of research, similar interactions between 

valence and action have been described in the motivational domain, 

in that reward-related stimuli facilitate response execution and 

impair response inhibition (e.g., Asci, Braem, Park, Boehler, & Krebs, 

2019; Freeman, Razhas, & Aron, 2014; Guitart-Masip et al., 2011). 

Intriguingly, we have recently found that preparatory control 

processes (as induced by incentive cues) can abolish the bias and in 

turn facilitate responses in all incentive trials - regardless of the 

required action (Hoofs, Boehler, & Krebs, in revision; Hoofs, Carsten, 

Boehler, & Krebs, 2018). This is in line with the commonly observed 
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performance benefits of incentive cues across a wide range of 

congitive tasks (Botvinick & Braver, 2015; Braver et al., 2014). In 

contrast, if incentive valence was signalled by the target stimulus 

itself, which abolishes preparatory mechanisms (Chiew & Braver, 

2016; Krebs & Woldorff, 2017), we observed performance benefits 

and detriments in trials featuring compatible versus incompatible 

valence-action mappings, respectively (Hoofs et al., in revision). 

 With the present study, we aimed to test the influence of 

similar preparatory, goal-directed processes on emotional valence-

action biases, and more specifically, the approach bias triggered by 

positive valence prospect. Specifically, we employed a novel 

paradigm in which emotional valence is merely indicated by symbolic 

stimulus features (colours) before response execution (valence 

prospect), while the emotional stimulus itself is only presented after 

a correct and in-time response is made. This symbolic valence 

association was adopted to mirror our previous incentive 

approach/avoidance paradigms (see Hoofs et al., 2018; in revision), 

and at the same time serves to diminish direct response capture and 

arousal effects triggered by actual valence stimuli (Öhman, 2002; 

Stenberg, Wiking, & Dahl, 1998). Moreover, emotional valence was 

either signalled by cue and target colours in discrete blocks, to probe 

more controlled and ad hoc valence processing, respectively. 

Intriguingly, most studies in the motivational domain signal valence 

by means of cues (e.g., Novak & Foti, 2015; Schevernels, Krebs, 

Santens, Woldorff, & Boehler, 2014; Zhang, Li, Wang, Liu, & Zheng, 

2017), while in the emotional domain participants are typically 

responding to the valenced stimulus itself (e.g., Chen & Bargh, 1999; 

Dresler, Mériau, Heekeren, & Van Der Meer, 2009; Heuer, Rinck, & 
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Becker, 2007). As such, the present paradigm also bridges between 

these two different domains. In that same vein, valence prospect is 

conveyed in the form of performance-contingent feedback - which 

mirrors typical monetary incentive delay paradigms (e.g., Knutson, 

Westdorp, Kaiser, & Hommer, 2000; Oldham et al., 2018). 

  Based on our observations in the motivational domain (see 

Hoofs et al., 2018), we predicted that advance valence cues would 

reduce the approach bias triggered by positive valence prospect 

regardless of the required action. More specifically, signalling valence 

ahead of time (and ahead of the action information) may prevent for 

an automatic integration of valence and action information and 

promote a rather controlled, goal-directed process. This is in contrast 

to the concurrent presentation of emotional valence and action 

information, which typically produces a bias with performance 

benefits in compatible (positive-approach) and detriments in 

incompatible (positive-avoid) trials (Chen & Bargh, 1999; Krieglmeyer 

et al., 2010; Krieglmeyer & Deutsch, 2010). As such, the cue versus 

target valence manipulation also taps into the general dissociation 

between preparatory (pro-active) and ad hoc (re-active) reward-

induced control processes (Krebs & Woldorff, 2017). 

  To briefly preempt the results, we observed a positive-

approach bias in two of the three variants of the task. This bias 

occurred regardless of whether valence was signalled ahead of time 

(cue-valence blocks) or concurrent with the action information 

(target-valence blocks), suggesting that the integration of emotional 

valence and action information persists even if there is more room 

for goal-directed processes. Last, a modulation of the positive-

approach bias between experimental versions suggests that relative 
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saliency matters in that the bias emerged when emotional stimuli 

were overall sparser. 

 

Methods and results 

 

Methods Experiment 1 

  Participants. We based the current sample sizes on our 

previous related work in the motivational domain, in which we 

observed medium to large effect sizes for the interactions of interest 

with samples of 40 to 48 participants (see Hoofs et al., in revision). 

The data of forty-seven students from Ghent University are reported 

in Experiment 1 (33 females, mean age ± SD: 23.17 years ± 2.55 

years, age range 20-34 years). Data from one additional (female) 

participant were excluded due to a high amount of misses (>10%). 

The criteria for participant exclusion were an excessive number of 

premature responses and/or misses (>10% for either of the two), or 

an error rate above three standard deviations from the group mean. 

Prerequisites for participation were age between 18 and 35 years, 

right-handedness, normal colour perception, normal or corrected-to-

normal vision, and no (history of) diagnosed mental disorders. 

Participants received 7.50 euro reimbursement for the 45-minute 

session. 

 

  Paradigm and procedure. Participants performed an 

approach/avoidance task in which they performed push (approach) 

and pull (avoid) joystick movements that were associated with 

movements of a manikin on the computer screen (Fig. 1). The 
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required action (approach/avoid response) was indicated by the 

vertical vs. horizontal target orientation (counterbalanced across 

participants). Valence prospect in a given trial (positive/neutral face 

prospect) was signalled by distinct colours drawn from a set of three 

colours (i.e., orange RGB = 230, 75, 0; blue RGB = 0, 130, 255; pink 

RGB = 230, 10, 200). Importantly, in discrete blocks, these colours 

could occur in the cues (cue-valence blocks) or in the targets (target-

valence blocks). The respective other trial event was consistently 

presented in the remaining colour of the three-color set. Valence-

colour associations were counterbalanced across participants. 

  After a short practice phase (12 trials), participants started the 

main experiment (both administered using Presentation version 18.2; 

NeuroBehavioral Systems). During the entire task, a small white 

fixation cross and white place holder were visible in the upper half of 

the screen (Fig. 1). Each trial started with the presentation of a 

square shaped cue in the place holder for 200 ms. After a random 

interval between 500 ms and 1500 ms after cue offset, an ellipse 

shaped target appeared in the place holder together with a manikin 

in the lower half of the screen. Dependent on the current block type, 

either cue or target colour was signalling positive or neutral valence 

prospect. Participants were informed that they would see the 

respective valence stimulus only after correct and in-time responses 

to the target stimulus. Targets remained on the screen till a response 

was registered or when the response window of 1200 ms was 

exceeded. Correct and in-time responses resulted in a movement of 

the manikin in the response direction (towards/away from the target) 

for 300 ms, followed by a face stimulus corresponding to the 

predicted type of valence for 900 ms. Incorrect and too-late 
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responses were followed by a white cross and white clock in the 

place holder for 900 ms, respectively. After a random interval 

between 1500 ms and 2500 ms after feedback offset, the next trial 

was presented. The face stimuli were selected from the Radboud 

Faces Database (Langner et al., 2010), had a frontal gaze direction, 

were classified by the database as conveying “happiness” or 

“neutral” expressions, and all displayed male and female Caucasian 

adults. The latter choice should generally help minimizing other-race 

effects (Walker & Tanaka, 2003). In total, happy and neutral 

expressions of 38 models (19 females) were included. Stimulus 

selection depended on the current valence condition 

(positive/neutral) but was otherwise random. In order to ensure 

equal probabilities of positive and neutral face stimuli across 

participants, we employed a staircase procedure that dynamically 

adjusted the response deadline on the basis of participants’ 

individual performance (Cornsweet, 1962; for similar procedure see 

Carsten, Hoofs, Boehler, & Krebs, 2018; Hoofs et al., 2018; in 

revision). This procedure was set to yield 80% correct feedback per 

experimental condition. Importantly, regardless of the staircasing 

procedure, all responses within the pre-set response window (150 - 

1200 ms) were considered for the analyses. Specifically, responses 

were followed by too-late feedback if exceeding the dynamically 

adjusted response deadline of a given condition, but were still 

analysed if they fell within the pre-set response window. Each block 

ended with an overview of participants’ performance, showing the 

percentage of correct and in-time responses based on the titrated 

feedback. 
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  Trials were divided over four blocks of 104 trials, with each 

block containing exclusively cue-valence or target-valence trials. 

Block types alternated and the order was counterbalanced across 

participants. The experimental conditions were formed by the 

different levels of Valence prospect (positive/neutral face), Action 

(approach/avoid response), and Block type (cue-valence/target-

valence block). Each condition entailed 52 trials. 

 

 

Figure 1. Schematic illustration of correct and incorrect trials in cue-valence (top) 

and target-valence blocks (bottom) of Experiment 1. Each trial started with the 

presentation of a square-shaped cue. Valence prospect was either signalled by the 

cue colour (cue-valence blocks) or by the target-colour (target-valence blocks). In 

this example, orange cues/targets were associated with positive valence prospect, 

and blue cues/targets were associated with neutral valence prospect. The 

respective other trial event that did not convey any valence information was 

consistently presented in a third colour (here, pink). Targets had to be approached 

(push) or avoided (pull) depending on their orientation (vertical/horizontal). 
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Feedback was provided directly upon response, indicating whether the response 

was correct and in-time (i.e., response-congruent movement of the manikin), 

incorrect (i.e., white cross) or too-late (i.e., white clock). Moreover, after correct 

and in-time responses, participants were presented with a positive or neutral face, 

depending on the valence condition. Of note, the dotted arrows serve illustrational 

purposes only and were was not displayed in the actual experiment. 

 

  Data Analyses. Analysis procedures are the same across all 

experiments and performed in JASP version 0.9.1.0 (JASP Team, 

2018). All premature responses (i.e., < 150 ms) were excluded from 

the dataset first. Next, response times (correct trials only) and 

response error rates (responses  1200 ms irrespective of the 

adaptive time-out procedure) were submitted to a 2 x 2 x 2 repeated-

measures analysis of variance (rANOVA) with factors Valence 

prospect (positive/neutral face), Action (approach/avoid response), 

and Block type (cue-valence/target-valence block) as within-subject 

factors. Since all factors entailed two levels only, we decided to leave 

the p-values of the post-hoc tests uncorrected (Rothman, 1990; 

Perneger, 1998). Our main interest was the presence of a positive-

approach bias as indexed by an interaction between Valence 

prospect and Action, and in how far such effects would be 

differentially expressed in cue- versus target-valence blocks, as 

indexed by a three-way interaction between Valence prospect, 

Action, and Block type. Note that since there was no statistical 

evidence for this latter interaction pattern in any of the experiments 

(all p > .1), all data plots have been collapsed across the two block 

types. 

 

 



(Mis)guided by expecting the good: The prospect of positive stimuli     171 

            can provoke action biases and undermined goal-directed behaviour 

   

Results Experiment 1 

Response times. The analysis revealed a significant main effect 

of Action (F(1, 46) = 9.38, p = .004; η2
p = .169), with faster responses 

in approach as compared to avoid trials (Fig. 2A). This was 

accompanied by a significant interaction between Valence prospect 

and Action (F(1, 46) = 5.21, p = .027; η2
p = .102). Post-hoc contrasts 

revealed that this interaction resonated from response facilitation for 

positive valence approach trials as compared to positive valence 

avoid trials (t(46) = -3.78, p < .001; d = -0.551), neutral valence 

approach trials (t(46) = -2.94, p = .005; d = -0.429), and neutral 

valence avoid trials (t(46) = -3.38, p = .001; d = -0.493). Moreover, 

positive valence avoid responses were slower as compared to neutral 

valence approach responses (t(46) = 2.40, p = .021; d = 0.350). Last, 

there was a trend for faster responses in neutral valence approach as 

compared to avoid trials (t(46) = -1.99, p = .052; d = -0.290). The one 

remaining contrast (positive vs. neutral avoid trials) was non-

significant (p > .5). The three-way interaction between Valence 

prospect, Action, and Block type (p > .1), as well as the other main 

effects and interactions did not reach significance (all p > .1).  

 

  Error rates. Similar to the response time data, we observed an 

interaction between Valence prospect and Action (F(1, 46) = 6.25, p = 

.016; η2
p = .120) in the error rate data (Fig. 2B). This interaction was 

driven by reduced error rates for positive as compared to neutral 

valence approach trials (t(46) = -2.68, p = .010; d = -0.391), but no 

difference in avoid trials (p > .2). Except for increased error rates in 

neutral valence approach versus avoid trials at trend level (t(46) = 

1.78, p = .082; d = 0.259), none of the remaining post-hoc tests 
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yielded significant differences (all p > .2). The three-way interaction 

between Valence prospect, Action, and Block type (p > .1), as well as 

the other main effects and interactions did not reach significance (all 

p > .1).  

 

 
Figure 2. Response times (left) and error rates (right) for the different types of 

Action (approach/avoid) and Valence prospect (positive/neutral face) of 

Experiment 1. Error bars indicate ± one within-subject standard error (Cousineau, 

2005). 

 

  Interim summary. In Experiment 1, we observed an approach 

bias for positive trials, with faster responses for positive valence 

approach trials as compared to other conditions, and reduced error 

rates in positive versus neutral valence approach trials (for an 

illustration of the bias, see Fig. 7). This bias did not statistically differ 

between cue-valence and target-valence blocks. This result pattern 

suggests that the mere prospect of positive valence can evoke an 

approach bias, even if valence is signalled by cues ahead of time (and 

hence not presented together with the action information). Given 

this rather unexpected finding, we aimed to replicate the experiment 

with a similar, but slightly optimized design. Specifically, the feedback 
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structure of Experiment 1 differed between correct and incorrect 

trials in that correct trials were followed by a manikin movement and 

a face stimulus (signalling correct performance), while incorrect and 

late responses were only followed by a cross and a clock, 

respectively. And more importantly, it could be argued that the 

neutral condition might be considered aversive in the context of 

positive stimuli (Thayer, 1980), possibly leading to a strategic 

reducing of effort in neutral valence trials. To ameliorate this issue, 

correct feedback probability was reduced to 50% in both positive and 

neutral valence conditions.  

 

Methods Experiment 2 

  Participants. An independent sample of forty-two students 

participated in Experiment 2 (33 females, mean age ± SD: 23.45 years 

± 3.55 years, age range 19-33 years). Recruitment procedures were 

identical to Experiment 1, with the exception that the students 

received a course credit instead of monetary reimbursement for the 

45-minute session.  

 

  Paradigm and procedure. In Experiment 2, all trials entailed 

manikin movements in the direction of the response, accuracy 

feedback, and face stimuli. Specifically, while correct and in-time 

responses were followed by face stimuli (like in Experiment 1), 

incorrect or late response were followed by a scrambled version of 

the face stimulus (Fig. 3). These scrambled face stimuli were created 

using G’MIC software that is developed specially for image computing 

and manipulation¹. Furthermore, correct feedback probability was 
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now set to 50% instead of 80% in positive and neutral valence 

prospect conditions to counteract potential strategic avoidance 

behaviour in neutral trials (e.g., performing slow or incorrect to avoid 

seeing a neutral face). As a consequence of this change, we informed 

participants that the task will be challenging in that they have to stay 

within a response time window calculated based on their 

performance in the practice session. Moreover, to prevent for overall 

frustration and potential disengagement from the task, participants 

were only informed about their overall accuracy at the end of the 

experiment (see Carsten et al., 2018 for a similar procedure). In 

addition, participants now practiced cue-valence and target-valence 

blocks separately right before the respective first encounter in the 

experiment to ensure that participants were well prepared for the 

different valence signals. Finally, the three-color set was now 

selected with the help of a luminance meter to ensure that stimuli 

were isoluminant for our specific lab settings (i.e., orange RGB = 238, 

91, 18; blue RGB = 50, 138, 255; pink RGB = 230, 10, 200). All other 

experimental parameters, as well as analysis procedures, were 

equivalent to Experiment 1. 
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Figure 3. Schematic illustration of correct and incorrect trials in cue-valence (top) 

and target-valence blocks (bottom) of Experiment 2. Here, in contrast to 

Experiment 1, incorrect trials were also followed by response-congruent manikin 

movements and by a scrambled face stimulus to better match the trial structure of 

correct trials.  

 

Results Experiment 2 

  Response times. The analysis revealed a main effect of Action 

(F(1, 41) = 5.62, p = .023; η2
p = .121), with faster responses in 

approach compared to avoid trials (Fig. 4A). All other main effects 

and interactions were non-significant (p > .1), including the 

interactions of interest (Valence prospect x Action: p > .3; Valence 

prospect x Action x Block type: p > .4).  
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  Error rates. The analysis of error rates yielded a significant 

interaction between Valence prospect and Block type (F(1, 41) = 5.14, 

p = .029; η2
p = .111), driven by improved performance for positive as 

compared to neutral valence prospect trials within the cue-valence 

blocks (t(41) = -2.48, p = .017; d = -0.383), but not in target-valence 

blocks (p > .9; Fig. 4B). Furthermore, there was response facilitation 

for positive valence prospect in cues vs. targets (t(41) = -2.89, p = 

.006; d = -0.446), that was absent for neutral valence prospect (p > 

.8). Last, responses to positive valence prospect signalled by cues 

were faster than for neutral valence prospect linked to targets (t(41) 

= -2.23, p = .032; d = -0.343). The remaining post-hoc test (positive 

targets vs. neutral cues) was non-significant (p > .9). All other main 

effects and interactions were non-significant (all p > .1), including the 

interactions of interest (Valence prospect x Action: p > .7; Valence 

prospect x Action x Block type: p > .7).  

 

 
Figure 4. Response times (left) and error rates (right) for the different types of 

Action (approach/avoid) and Valence prospect (positive/neutral face) of 

Experiment 2. Error bars indicate ± one within-subject standard error.  
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Interim summary. In this experiment, which featured a matched 

feedback structure between correct and incorrect trials and lower 

correct feedback probabilities (50%), we found no indication for an 

interplay between Valence prospect and Action (for an illustration of 

the data, see Fig. 7). Considering the design differences between 

experiments, one explanation for the absence of a positive-approach 

bias in Experiment 2 could be that participants were frustrated with 

the 50% performance success and hence disengaged from the task. 

This is, however, unlikely considering that participants improved 

performance differentially after positive valence cues (reduced error 

rates). Moreover, we have employed similar manipulations 

previously that resulted in robust modulations in performance (see 

Carsten et al., 2018). It is, however, possible that feedback structure 

influenced performance in a more indirect way. Regardless of the 

feedback probability, every trial was now followed by a response-

congruent manikin movement and a face stimulus, i.e., positive or 

neutral faces for correct responses, and scrambled faces for incorrect 

responses. In other words, “intact” face stimuli are now less unique 

and hence less salient. Therefore, we repeated the experiment but 

added non-salient baseline trials in order to reduce overall 

probability and hence increase relative saliency of positive and 

neutral valence trials. Importantly, the design was otherwise identical 

to Experiment 2 (especially with regard to feedback structure and 

feedback probability), allowing to focus exclusively on potential 

context effects.  
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Methods Experiment 3 

  Participants. An independent sample of forty-seven students 

participated in Experiment 3 (41 females, mean age ± SD: 19.2 years 

± 3.5 years, age range 18-35 years). Data from one additional 

(female) participant were excluded due to a high amount of 

premature responses (>10%). Recruitment procedures were identical 

to Experiments 1 and 2, and students received a course credit for the 

60-minute session. 

 

  Paradigm and procedure. To test whether the positive-

approach bias observed in Experiment 1 can be replicated in a task 

context in which emotional valence signals are globally more salient, 

we introduced non-salient “no-face” trials (Fig. 5). These could occur 

in both cue-valence and target-valence blocks, and featured cues and 

targets of an additional fourth (counterbalanced across participants, 

newly introduced isoluminant colour to have a four-color set was 

green RGB = 27, 158, 23). Importantly, performance feedback 

(correct/incorrect) in no-face trials was always followed by an empty 

placeholder square. To ensure consistency between conditions, faces 

and scrambled faces in the valence trials were now also framed in a 

white square. This design resulted in 208 positive, 208 neutral, and 

208 no-face trials (all again equally divided over the two block types 

and two action types), and a total duration of 60 minutes. Since the 

“no-face” trials merely served to change the task context, these trials 

have not been considered for the main statistical analyses. All other 

experimental parameters and analysis procedures were equivalent to 

Experiments 1 and 2. 
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Figure 5. Schematic illustration of correct (top) and incorrect (bottom) “no-face” 

trials in Experiment 3, which were included in addition to the positive and neutral 

valence prospect trials (see Fig. 3). The no-face condition was signalled by an 

additional colour (here, green), and responses were never followed by face or 

scrambled face stimuli. In all other aspects, this experiment was identical to 

Experiment 2. 

 

Results Experiment 3 

  Response times. The analysis of response times (Fig. 6A) did not 

reveal any main effects or interactions (all p > .2; interactions of 

interest: Valence prospect x Action: p > .6; Valence prospect x Action 

x Block type: p > .6). Similar results were found if no-face trials were 

included in the analysis (all p > .1; Valence prospect x Action: p > .8; 

Valence prospect x Action x Block type: p > .5). 

 

  Error rates. We observed a significant interaction between 

Valence prospect and Action (F(1, 46) = 8.89, p = .005; η2
p = .162). 

Post-hoc contrasts revealed that this interaction was driven by 

reduced error rates for positive as compared to neutral valence 

approach trials (t(46) = -2.66, p = .011; d = -0.388), and the opposite 

trend in avoid trials (t(46) = 1.73, p = .090; d = .252; Fig. 6B). 

Furthermore, error rates were increased for neutral valence 
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approach versus avoid trials at trend level (t(46) = 1.83, p = .074; d = 

.266). The remaining post-hoc tests within this interaction were non-

significant (all p > .1). All other main effects and interactions were 

non-significant (all p > .1), including the three-way interaction of 

interest (Valence prospect, Action, and Block type p > .6). Of note, 

the interaction between Valence prospect and Action was preserved 

when including no-face trials in the analysis (F(1, 46) = 5.65, p = .005; 

η2
p = .109). Within this analysis, only one additional contrast was 

significant. Specifically, the error rate was reduced for positive 

valence versus no-face approach trials (t(46) = -2.43, p = .019, d = -

0.354). The remaining post-hoc contrasts involving no-face trials 

were non-significant (all p > .1).  

 

 

 
Figure 6. Response times (left) and error rates (right) for the different types of 

Action (approach/avoid) and Valence prospect (positive/neutral/no-face) of 

Experiment 3. Since the “no-face” trials were not incorporated in the main 

analyses, their data representations serve illustrational purposes mostly. Error bars 

indicate ± one within-subject standard error. 
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  Interim summary. In this experiment version, we observed a 

positive-approach bias in the form of improved accuracy, which is in 

line with Experiment 1, but in contrast to Experiment 2 (for an 

illustration of the bias, see Fig. 7). Considering that the inclusion of 

no-face baseline trials is the only paradigmatic difference between 

Experiments 2 and 3, we conclude that a relative increase in saliency 

of positive and neutral valence signals contributed to the observation 

of the positive-approach bias.  

 

Analysis across experiments 

  In order to explicitly test for differences between experiments 

with regard to the positive-approach bias, we combined the data of 

Experiments 1 to 3 (total N = 136) and included Experiment as 

between-subjects factor (Costafreda, 2009). As most results are 

consistent across experiments, we limit our focus here to between-

experiment differences with regard to the relevant interactions, i.e., 

Valence prospect x Action x Experiment and Valence prospect x 

Action x Block type x Experiment.  

 

  Response times. Both interactions of interest were non-

significant (Valence prospect x Action x Experiment: p > .2; Valence 

prospect x Action x Block type x Experiment: p > .4), confirming that 

there were no systematic differences in the expression of the 

positive-approach bias between experiments. To illustrate response 

facilitation and impairment due to compatible and incompatible 

valence-action combinations, the data are presented in the form of 

difference values, i.e., positive minus neutral valence depending on 
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action type in Figure 7A. Of note, albeit only reaching significance in 

Experiment 1, the pattern is the same in all experiments.  

 

  Error rates. The interaction between Valence prospect and 

Action differed between experiments (Valence prospect x Action x 

Experiment: F(2, 133) = 3.32, p = .039; η2
p = .048). Splitting this 

interaction in experiment pairs revealed significant differences 

between Experimenst 2 and 3 (Valence prospect x Action x 

Experiment: F(1, 87) = 5.90, p = .017; η2
p = .063), marginally 

significant differences between Experiments 1 and 2 (Valence 

prospect x Action x Experiment: F(1, 87) = 3.67, p = .059; η2
p = .040), 

but no differences between Experiments 1 and 3 (Valence prospect x 

Action x Experiment: p > .4). The other interaction of interest, 

Valence prospect x Action x Block type x Experiment did not reach 

significance (p > .7). To illustrate increased and reduced accuracy due 

to compatible and incompatible valence-action combinations, the 

data are presented in the form of difference values, i.e., positive 

minus neutral valence depending on action type in Figure 7B. This 

analysis confirms the presence of a positive-approach bias in 

Experiments 1 and 3, and the absence of this bias in Experiment 2 in 

direct comparison with Experiment 3 which entails the same design 

except for the inclusion of non-salient no-face trials.  
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Figure 7. Response time (A) and error rate (B) difference values (i.e., positive minus 

neutral) for each experiment. Difference values are averaged for approach (white 

bars) and avoid trials (black bars) and depicted separately for each experiment. The 

significance brackets reflect on the Valence prospect x Action (solid) and Valence 

prospect x Action x Experiment interaction (dotted), respectively. Significance level: 

* = p < .05, n.s. = non-significant. Error bars indicate ± one within-subject standard 

error.  

 

Discussion 

  The goal of the present study was to test in how far advance 

cues signalling emotional valence prospect can modulate commonly 

observed valence-action biases, and in particular the approach bias 

triggered by positive valence. This was inspired by our recent 

observations that similar biases induced by monetary incentives can 

be abolished if valence is signalled by advance cues (Hoofs et al., in 

revision). Consequently, we hypothesized that the approach bias to 

positive emotional stimuli would be diminished if valence is signalled 

by advance cues, and hence separated from action information which 

should reduce the direct integration of the two signals and in turn 



(Mis)guided by expecting the good: The prospect of positive stimuli     184 

            can provoke action biases and undermined goal-directed behaviour 

   

promote more controlled processes. To this end, we employed 

different variants of an approach/avoidance joystick paradigm in 

which valence prospect and action type were signalled by cue and 

target features in separate blocks. In line with previous work in the 

emotional domain (e.g., Chen & Bargh, 1999; Krieglmeyer et al., 

2010; Krieglmeyer & Deutsch, 2010; Seibt et al., 2008), we observed 

valence-action interactions in the form of an approach bias triggered 

by positive valence prospect in two out of three experiments.  

 Intriguingly, this is to our knowledge the first study reporting 

such bias for the mere prospect of emotional valence (signalled by 

symbolic colour features), which has been adopted from our previous 

monetary incentive paradigms (see Hoofs et al., 2018). While this is 

not in the focus of the present study, this observation provides 

further support for the notion that symbolic features can acquire 

emotional saliency by means of association (Kim et al., 2015). 

Interestingly, in contrast to previous work, the associations between 

symbolic features and emotional valence was explicitly instructed in 

the beginning of the experiment rather than acquired over time. That 

said, the valence feedback stimulus can be considered as a 

confirmation of the instruction, but was not necessary for learning 

the associations.  

 More importantly, the positive-approach bias occurred 

regardless of whether valence was signalled by cues ahead of time 

(cue-valence blocks) or at the moment of the target - and hence 

concurrent with the action information (target-valence blocks). This is 

in contrast to our prediction that a temporal dissociation of valence 

and action signals would hinder their direct integration and hence 

reduce the bias. And as such, it is also in contradiction to the pattern 
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observed in a comparable monetary incentive paradigm, in which 

advance reward cues abolish valence-action biases and instead 

promote task performance regardless of the action (Hoofs et al., 

2018). In our view the current unexpected finding can be interpreted 

in two main ways (which seem to be two sides of the same coin): 

First, it seems that the temporal dissociation between valence and 

action information in the cue-valence blocks does not hinder a direct 

integration of the signals. In other words, the inherent mapping is too 

robust to be overridden by the actual task goal. Second, and 

relatedly, the motivational value of the cues may have been low (and 

especially compared to a task that involves monetary incentives), 

which could result in low levels of cue-triggered control to optimize 

performance. These two aspects are mutually related in that a 

combination of a strong (inherent) bias and low levels of cognitive 

control can result in the observed pattern. That said, we believe that 

there is some evidence in our data to dismiss a simple motivational 

explanation in that participants in the second experiment 

differentially improved performance after positive valence cues. 

Moreover, the effect of trial context (discussed below) provides 

indirect evidence for trial-by-trial modulations of cognitive control in 

the current design. 

 Regardless of the specific mechanism, it is intriguing that the 

positive-approach bias persists in a context in which valence prospect 

is merely signalled by a colour feature in advance of the actual target. 

And again, this contradicts our findings in a similar paradigm using 

monetary incentives (Hoofs et al., in revision). A straightforward 

explanation for this discrepancy is that emotional stimuli are 

inherently salient (or at least saliency is acquired early in the 
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development), while the value of monetary incentives is learned at 

later stages. We tried to ameliorate this difference by using symbolic 

feature associations for the emotional valence paradigm as well - but 

it is possible that the inherent difference between incentive and 

emotional signals was transferred to the symbolic stimulus. 

Moreover, albeit emotional and incentive paradigms were highly 

similar in structure, monetary incentives have a higher relevance in 

the lab context. Specifically, despite that in both tasks correct and in-

time performance was leading to valence outcomes (either incentives 

or faces), the behavioural relevance is much more evident in the 

incentive context in that participants will typically optimize their 

behaviour to obtain the reward. While there are some indications 

that positive emotional valence has a similar motivational value, 

reward stimuli typically display stronger effects on behaviour (Chiew 

& Braver, 2011, 2014). Together, while inherent differences between 

emotional and incentive manipulations certainly complicate any 

direct comparison, it is still intriguing that the positive-approach bias 

persisted in the present cuing paradigm, and in turn impaired goal-

directed behaviour. 

 The across-experiment analysis revealed additional interesting 

insights regarding the role of the specific trial context and valence-

action interactions. Specifically, we observed a positive-approach bias 

in Experiments 1 and 3, but not in Experiment 2. While the design of 

Experiment 1 is different in multiple aspects (rendering the direct 

comparison more difficult), the only difference between Experiments 

2 and 3 is the inclusion of non-salient baseline trials in the latter. The 

underlying assumption here was that the overall probability of 

positive and neutral face stimuli would change their relative saliency, 
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in that they would be more salient in a context of other non-salient 

events (see e.g., Brown & Slovic, 1988; Thayer, 1980). And indeed, in 

this non-salient trial context, we observed the expected positive-

approach bias, thereby replicating Experiment 1 with a slightly 

different design, as well as previous related work (e.g., Chen & Bargh, 

1999; Krieglmeyer et al., 2010; Krieglmeyer & Deutsch, 2010; Seibt et 

al., 2008). 

Another potentially related explanation for the presence of the 

bias in Experiment 3 but not in Experiment 2 is related to 

modulations in cognitive control. Specifically, we assume that trials in 

which valence and action are incompatible due to their inherent 

mapping are inducing a response conflict, which is generally known 

to increase cognitive control to overcome the conflict (Miller & 

Cohen, 2001; Ridderinkhof, Nieuwenhuis, & Braver, 2007). While 

conflict trials typically impair performance on a trial-by-trial level, 

these conflict effects decrease with higher conflict probability due to 

globally increased cognitive control - which is known as the 

proportion-congruency effect (Logan & Zbrodoff, 1979). Translated to 

the present study, it seems feasible to assume that incompatible 

valence-action mappings lead to stronger biases in a context in which 

these conflict trials are more rare (i.e., in Experiment 3). This is not to 

say that valence-action biases can only occur when valence stimuli 

are rare - as there is ample evidence both in the emotional and 

motivational domain. What we can say is that trial context and 

relative saliency seem to matter in the present task context, in which 

the mapping between valence and action may not be as direct in that 

participants do not directly respond to the valence stimulus itself. 
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 Another additional observation from the across-experiment 

analysis is the variation in terms of the affected dependent measure. 

While in Experiment 1 the positive-approach bias was present in both 

response speed and accuracy, it was only observed in the accuracy 

measure of Experiment 3. This is generally in line with our previous 

work on valence-action biases in the motivational domain, where 

effects on response accuracy seemed to be more robust as compared 

to speed (Hoofs et al., in revision). We think that the differential 

expression of the bias is meaningful considering the nature of such 

response biases in the light of typical conflict paradigms (see 

Ridderinkhof, Forstmann, Wylie, Burle, & van den Wildenberg, 2010; 

Ridderinkhof, Scheres, Oosterlaan, & Sergeant, 2005). Specifically, 

response biases in conflict tasks but also in the present 

approach/avoidance paradigm, are assumed to result from an 

automatic response activation (here, triggered by positive valence 

prospect). The stronger this response capture, the more likely it is to 

actually result in an erroneous response. Therefore, it seems feasible 

to consider increased error rates as an index of the bias strength. In 

contrast, response times are taken from trials in which the correct 

response was given, but potentially delayed due to the bias. Hence, 

response time modulations are likely associated with cognitive 

control allocation to counteract the bias and comply with the task 

goal. The observation of significant accuracy modulations in two out 

of three experiments - even in trials which allow for more controlled 

processes, seems indicative of a fairly strong valence-triggered 

response activation. In that same vein, it is important to consider in 

how far the bias we observe in Experiments 1 and 3 is the result of 

strategic modulations in response speed versus accuracy (Bruyer & 

Brysbaert, 2011). The observation that the response time data is 
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either pointing in the same direction (Experiment 1) or is unaffected 

by our manipulation (Experiment 3) makes us confident that the 

pattern is not driven by typical speed-accuracy trade offs. 

  Finally, since the paradigm does not entail an explicit negative 

condition, it is important to consider the role of general arousal. 

Specifically, although emotional stimuli were only presented after the 

response, it is possible that the symbolic colours induced 

modulations in arousal which could have affected the subsequent 

response. However, even if this is the case, increased arousal should 

lead to facilitation (or impairment) in both approach and avoid trials - 

which is not what we observe here. Relatedly, in addition to a 

differential behavioural facilitation in positive approach trial, there 

was a trend for the opposite pattern in neutral valence trials in 

Experiments 1 and 3, with reduced error rates for avoid versus 

approach responses. This flip is typically observed when directly 

comparing positive and negative emotional valence (Chen & Bargh, 

1999; Krieglmeyer et al., 2010; Krieglmeyer & Deutsch, 2010), 

supporting the common notion that neutral valence may be 

perceived as negative in the context of positive valence stimuli 

(Thayer, 1980). 

 

Conclusion 

  In two out of three experiments, we observed an approach bias 

in trials that were associated with positive valence prospect, with 

differential performance benefits for positive approach trials. 

Intriguingly, the bias persisted even if valence was signalled ahead of 

time, hindering a direct integration of valence and action signals and 
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leaving more room for controlled processes. These observations 

provide further evidence for a fairly automatic response activation by 

positive valence, in that a) the mere anticipation of positive valence is 

sufficient to trigger this bias, and b) this bias seems unaffected by 

advance preparation that should promote correct task performance. 

Together, the results show that the mere anticipation of emotional 

signals in a lab context can (mis)guide our actions and undermine 

goal-directed behaviour. 

 
¹ For more information see https://gmic.eu/. We used the interface G’MIC Online 

for dividing the face stimuli in tiles (20 x 20) and performing shuffling of these. 

 

Acknowledgements 

  We thank Onur Asci for his input regarding the experimental 

procedure, and Myrthe Princen for commenting on the manuscript. 

 

Data Accessibility Statement 

  De-identified data, and statistical output will be made available 

after manuscript publication via this Open Science Framework page: 

https://osf.io/4yfpm/ 

 

 

 

 

https://gmic.eu/


(Mis)guided by expecting the good: The prospect of positive stimuli     191 

            can provoke action biases and undermined goal-directed behaviour 

   

Funding Information 

  This study was supported by a starting grant of the European 

Research Council (ERC) under the Horizon 2020 framework (grant No. 

636116 awarded to RMK). 

 

Competing interests 

  The authors have no competing interests to declare. 

 

Ethical approval 

  The study was approved by the local ethics board and written 

informed consent was obtained from all participants in advance of 

participation. All procedures were in accordance with the Declaration 

of Helsinki from 1964 and its later amendments. 

 

 

 

 

 

 

 

 

 



(Mis)guided by expecting the good: The prospect of positive stimuli     192 

            can provoke action biases and undermined goal-directed behaviour 

   

References 

Asci, O., Braem, S., Park, H. R. P., Boehler, C. N., & Krebs, R. M. 
(2019). Neural correlates of reward-related response tendencies 
in an equiprobable Go/NoGo task. Cognitive, Affective, & 
Behavioral Neuroscience, 1–13. http://doi.org/10.3758/s13415-
019-00692-5 

Bargh, J. A., Chaiken, S., Raymond, P., & Hymes, C. (1996). The 
automatic evaluation effect: Unconditional automatic attitude 
activation with a pronunciation task. Journal of Experimental 
Social Psychology, 32(1), 104–128. 
http://doi.org/10.1006/jesp.1996.0005 

Botvinick, M., & Braver, T. (2015). Motivation and Cognitive Control: 
From Behavior to Neural Mechanism. Annual Review of 
Psychology, 66(1), 83–113. http://doi.org/10.1146/annurev-
psych-010814-015044 

Braver, T. S., Krug, M. K., Chiew, K. S., Kool, W., Andrew Westbrook, 
J., Clement, N. J., … Somerville, L. H. (2014). Mechanisms of 
motivation-cognition interaction: Challenges and opportunities. 
Cognitive, Affective and Behavioral Neuroscience. 
http://doi.org/10.3758/s13415-014-0300-0 

Brown, T.C. and Slovic, P. (1988). “Effects of Context on Economic 
Measures of Value.” In George L. Peterson, B. L. Driver, and 
Robin Gregory (eds.), Integrating Economic and Psychological 
Knowledge in Valuations of Public Amenity Resources. State 
College, PA: Venture, pp. 23–30. 

Bruyer, R., & Brysbaert, M. (2011). Combining speed and accuracy in 
cognitive psychology: is the Inverse Efficiency Score (IES) a 
better dependent variable than the mean Reaction Time (RT) 
and the Percentage of Errors (PE)? Psychologica Belgica, 51(1), 
5–13. 



(Mis)guided by expecting the good: The prospect of positive stimuli     193 

            can provoke action biases and undermined goal-directed behaviour 

   

Carsten, T., Hoofs, V., Boehler, C. N., & Krebs, R. M. (2018). Are losses 
more effective than rewards in improving performance in a 
cognitive task? Motivation Science. 
http://doi.org/10.1037/mot0000117 

Chen, M., & Bargh, J. A. (1999). Consequences of Automatic 
Evaluation: Immediate Behavioral Predispositions to Approach 
or Avoid the Stimulus. Personality and Social Psychology Bulletin, 
25(2), 215–224. http://doi.org/10.1177/0146167299025002007 

Chiew, K. S., & Braver, T. S. (2011). Positive affect versus reward: 
Emotional and motivational influences on cognitive control. 
Frontiers in Psychology. 
http://doi.org/10.3389/fpsyg.2011.00279 

Chiew, K. S., & Braver, T. S. (2014). Dissociable influences of reward 
motivation and positive emotion on cognitive control. Cognitive, 
Affective and Behavioral Neuroscience, 14(2), 509–529. 
http://doi.org/10.3758/s13415-014-0280-0 

Chiew, K. S., & Braver, T. S. (2016). Reward favors the prepared: 
Incentive and task-informative cues interact to enhance 
attentional control. Journal of Experimental Psychology: Human 
Perception and Performance, 42(1), 52–66. 
http://doi.org/10.1037/xhp0000129 

Cornsweet, T. N. (1962). The Staircase-Method in Psychophysics. The 
American Journal of Psychology, 75(3), 485. 
http://doi.org/10.2307/1419876 

Costafreda, S. G. (2009). Pooling fMRI data: meta-analysis, mega-
analysis and multi-center studies. Frontiers in Neuroinformatics, 
3, 33. 

Cousineau, D. (2005). Confidence intervals in within-subject designs: 
A simpler solution to Loftus and Masson’s method. Tutorials in 
Quantitative Methods for Psychology, 1(1), 42–45. Retrieved 



(Mis)guided by expecting the good: The prospect of positive stimuli     194 

            can provoke action biases and undermined goal-directed behaviour 

   

from http://www.tqmp.org/RegularArticles/vol01-
1/p042/p042.pdf 

Dresler, T., Mériau, K., Heekeren, H. R., & Van Der Meer, E. (2009). 
Emotional Stroop task: Effect of word arousal and subject 
anxiety on emotional interference. Psychological Research, 
73(3), 364–371. http://doi.org/10.1007/s00426-008-0154-6 

Elliot, A. J. (2006). The Hierarchical Model of Approach-Avoidance 
Motivation. Motiv Emot, 30, 111–116. 
http://doi.org/10.1007/s11031-006-9028-7 

Freeman, S. M., Razhas, I., & Aron, A. R. (2014). Top-down response 
suppression mitigates action tendencies triggered by a 
motivating stimulus. Current Biology : CB, 24(2), 212–6. 
http://doi.org/10.1016/j.cub.2013.12.019 

Guitart-Masip, M., Fuentemilla, L., Bach, D. R., Huys, Q. J. M., Dayan, 
P., Dolan, R. J., & Duzel, E. (2011). Action dominates valence in 
anticipatory representations in the human striatum and 
dopaminergic midbrain. The Journal of Neuroscience : The 
Official Journal of the Society for Neuroscience, 31(21), 7867–75. 
http://doi.org/10.1523/JNEUROSCI.6376-10.2011 

Heuer, K., Rinck, M., & Becker, E. S. (2007). Avoidance of emotional 
facial expressions in social anxiety: The Approach-Avoidance 
Task. Behaviour Research and Therapy, 45(12), 2990–3001. 
http://doi.org/10.1016/j.brat.2007.08.010 

Hoofs, V., Boehler, C. N., & Krebs, R. M. (in revision). Biasing actions 
by incentive valence. Collabra: Psychology 

Hoofs, V., Carsten, T., Boehler, C. N., & Krebs, R. M. (2018). 
Interactions between incentive valence and action information 
in a cued approach–avoidance task. Psychological Research, 1–
13. http://doi.org/10.1007/s00426-018-0975-x 



(Mis)guided by expecting the good: The prospect of positive stimuli     195 

            can provoke action biases and undermined goal-directed behaviour 

   

JASP Team. (2018). JASP (Version 0.9)[Computer software]. 
[Computer Software]. Retrieved from https://jasp-stats.org/ 

Kim, J., Schultz, J., Rohe, T., Wallraven, C., Lee, S.-W., & Bulthoff, H. H. 
(2015). Abstract Representations of Associated Emotions in the 
Human Brain. Journal of Neuroscience, 35(14), 5655–5663. 
http://doi.org/10.1186/1471-2202-10-50 

Knutson, B., Westdorp, A., Kaiser, E., & Hommer, D. (2000). FMRI 
visualization of brain activity during a monetary incentive delay 
task. NeuroImage, 12(1), 20–27. 
http://doi.org/10.1006/nimg.2000.0593 

Kozlik, J., Neumann, R., & Lozo, L. (2015). Contrasting motivational 
orientation and evaluative coding accounts: On the need to 
differentiate the effectors of approach/avoidance responses. 
Frontiers in Psychology. 
http://doi.org/10.3389/fpsyg.2015.00563 

Krebs, R. M., & Woldorff, M. G. (2017). Cognitive Control and 
Reward. In The Wiley Handbook of Cognitive Control (pp. 422–
439). Chichester, UK: John Wiley & Sons, Ltd. 
http://doi.org/10.1002/9781118920497.ch24 

Krieglmeyer, R., Deutsch, R., De Houwer, J., & De Raedt, R. (2010). 
Being Moved: Valence Activates Approach-Avoidance Behavior 
Independently of Evaluation and Approach-Avoidance 
Intentions. Psychological Science, 21(4), 607–613. 
http://doi.org/10.1177/0956797610365131 

Krieglmeyer, R., & Deutsch, R. (2010). Comparing measures of 
approach–avoidance behaviour: The manikin task vs. two 
versions of the joystick task. Cognition & Emotion, 24(5), 810–
828. http://doi.org/10.1080/02699930903047298 

Langner, O., Dotsch, R., Bijlstra, G., Wigboldus, D. H. J., Hawk, S. T., & 
van Knippenberg, A. (2010). Presentation and validation of the 



(Mis)guided by expecting the good: The prospect of positive stimuli     196 

            can provoke action biases and undermined goal-directed behaviour 

   

Radboud Faces DataBASe. Cognition & Emotion, 24(8), 1377–
1388. http://doi.org/10.1080/02699930903485076 

Logan, G. D., & Zbrodoff, N. J. (1979). When it helps to be misled: 
Facilitative effects of increasing the frequency of conflicting 
stimuli in a Stroop-like task. Memory & Cognition, 7(3), 166–174. 
http://doi.org/10.3758/BF03197535 

Markman, A. B., & Brendl, C. M. (2005). Constraining Theories of 
Embodied Cognition. Psychological Science, 16(1), 6–10. 
http://doi.org/10.1111/j.0956-7976.2005.00772.x 

Miller, E. K., & Cohen, J. D. (2001). An integrative theory of prefrontal 
cortex function. Annual Review of Neuroscience, 24, 167–202. 
http://doi.org/10.1146/annurev.neuro.24.1.167 

Novak, K. D., & Foti, D. (2015). Teasing apart the anticipatory and 
consummatory processing of monetary incentives: An event-
related potential study of reward dynamics. Psychophysiology, 
52(11), 1470–1482. http://doi.org/10.1111/psyp.12504 

Öhman, A. (2002). Automaticity and the Amygdala: Nonconscious 
Responses to Emotional Faces. Current Directions in 
Psychological Science, 11(2), 62–66. 
http://doi.org/10.1111/1467-8721.00169 

Oldham, S., Murawski, C., Fornito, A., Youssef, G., Yücel, M., & 
Lorenzetti, V. (2018). The anticipation and outcome phases of 
reward and loss processing: A neuroimaging meta-analysis of 
the monetary incentive delay task. Human Brain Mapping, 39(8), 
3398–3418. http://doi.org/10.1002/hbm.24184 

Perneger, T.. (1998). What’s wrong with Bonferroni adjustments. 
BMJ, 316(7139), 1236. 
http://doi.org/10.1136/bmj.316.7139.1230 

Pessoa, L., Kastner, S., & Ungerleider, L. G. (2002). Attentional control 
of the processing of neutral and emotional stimuli. Cognitive 

http://doi.org/10.1111/psyp.12504


(Mis)guided by expecting the good: The prospect of positive stimuli     197 

            can provoke action biases and undermined goal-directed behaviour 

   

Brain Research, 15(1), 31–45. http://doi.org/10.1016/S0926-
6410(02)00214-8 

Phaf, R. H., Mohr, S. E., Rotteveel, M., & Wicherts, J. M. (2014). 
Approach, avoidance, and affect: a meta-analysis of approach-
avoidance tendencies in manual reaction time tasks. Frontiers in 
Psychology, 5, 378. http://doi.org/10.3389/fpsyg.2014.00378 

Ridderinkhof, K. R., Forstmann, B. U., Wylie, S. A., Burle, B., & van den 
Wildenberg, W. P. M. (2010). Neurocognitive mechanisms of 
action control: Resisting the call of the Sirens. Wiley 
Interdisciplinary Reviews: Cognitive Science, 2(2), 174–192. 
http://doi.org/10.1002/wcs.99 

Ridderinkhof, K. R., Nieuwenhuis, S., & Braver, T. S. (2007). Medial 
frontal cortex function: An introduction and overview. Cognitive, 
Affective and Behavioral Neuroscience. 
http://doi.org/10.3758/CABN.7.4.261 

Ridderinkhof, K. R., Scheres, A., Oosterlaan, J., & Sergeant, J. A. 
(2005). Delta plots in the study of individual differences: New 
tools reveal response inhibition deficits in AD/HD that are 
eliminated by methylphenidate treatment. Journal of Abnormal 
Psychology, 114(2), 197–215. http://doi.org/10.1037/0021-
843X.114.2.197 

Rothman, K. J. (1990). No adjustments are needed for multiple 
comparisons. Epidemiology, 1(1), 43–46. 
http://doi.org/10.1097/00001648-199001000-00010 

Rotteveel, M., & Phaf, R. H. (2004). Automatic Affective Evaluation 
Does Not Automatically Predispose for Arm Flexion and 
Extension. Emotion, 4(2), 156–172. 
http://doi.org/10.1037/1528-3542.4.2.156 

Schevernels, H., Krebs, R. M., Santens, P., Woldorff, M. G., & Boehler, 
C. N. (2014). Task preparation processes related to reward 



(Mis)guided by expecting the good: The prospect of positive stimuli     198 

            can provoke action biases and undermined goal-directed behaviour 

   

prediction precede those related to task-difficulty expectation. 
NeuroImage, 84, 639–647. 
http://doi.org/10.1016/j.neuroimage.2013.09.039 

Seibt, B., Neumann, R., Nussinson, R., & Strack, F. (2008). Movement 
direction or change in distance? Self- and object-related 
approach–avoidance motions. Journal of Experimental Social 
Psychology, 44(3), 713–720. 
http://doi.org/10.1016/j.jesp.2007.04.013 

Stenberg, G., Wiking, S., & Dahl, M. (1998). Judging Words at Face 
Value: Interference in a Word Processing Task Reveals 
Automatic Processing of Affective Facial Expressions. Cognition 
& Emotion, 12(6), 755–782. 
http://doi.org/10.1080/026999398379420 

Thayer, S. (1980). The effect of expression sequence and expressor 
identity on judgments of the intensity of facial expression. 
Journal of Nonverbal Behavior, 5(2), 71–79. 
http://doi.org/10.1007/BF00986510 

Walker, P. M., & Tanaka, J. W. (2003). An encoding advantage for 
own-race versus other-race faces. Perception, 32(9), 1117–1125. 
http://doi.org/10.1068/p5098 

Zhang, Y., Li, Q., Wang, Z., Liu, X., & Zheng, Y. (2017). Temporal 
dynamics of reward anticipation in the human brain. Biological 
Psychology, 128, 89–97. 
http://doi.org/10.1016/j.biopsycho.2017.07.011 

 

 



   General discussion     199 

 

   

Chapter 6 

General discussion 

 

This general discussion summarizes the main conclusions of the 

studies that were performed in the context of the thesis. Moreover, 

we formulate potential routes for future research. 

 

Main conclusion 1: ‘Incidental reward features can facilitate and 

impair performance when they are compatible or incompatible with 

the task goal, respectively’ 

  The first empirical chapter (chapter 2 of this dissertation) 

aimed at exploring the potential interplay between preparatory and 

incidental incentive valence signals. We conducted a series of cuing 

tasks in which incentive valence was signaled by cues (i.e., following 

the classic MID structure), but could also be associated with the 

targets (i.e., following the SRA structure). We revealed anecdotal 

evidence for an additive effect of cue and target valence in an easy 

visual discrimination task, and an effect of reward cues on 

themselves in a more difficult conflict task. In a third experiment, 

which entailed an overlap between the valence and response 

dimension, the valence effects were more robust. Specifically, we 

observed response speeding if both cues and targets were associated 

with reward. However, there were also more response errors when 

an additionally introduced distractor was drawn in the reward color. 

The results of the last experiment showed that incidental reward 

features can facilitate performance if they are in line with the current 

task goals (i.e., overlapping with the correct response) and impair 
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performance if they are not (i.e., activating an erroneous response). 

These latter detrimental effects of incidental reward features are in 

line with previously reported distracting effects of reward-related 

stimuli in visual search (Anderson, Laurent, & Yantis, 2011; Hickey, 

Chelazzi, & Theeuwes, 2010; Sali, Anderson, & Yantis, 2014), as well 

as conflict tasks (Krebs et al., 2010, 2011). In the present experiment, 

we assume that the performance impairment is a consequence of 

prepotent response activation based on the salient distractor color. 

Note that by design, the reward-related distractor could only occur in 

no-reward trials in which preparatory attention is assumed to be low 

(Krebs, Boehler, Roberts, Song, & Woldorff, 2012; Schevernels, Krebs, 

Santens, Woldorff, & Boehler, 2014), which complicates the 

interpretation. In the context of this dissertation, we consider the 

results of these experiments as a pilot study that has led us with 

regard to design choices in the following chapters. Among these is 

the choice for paradigms in which responses are always non-

overlapping with the valence dimension to avoid direct response-

feature priming which likely played a role in the third experiment. 

 

Main conclusion 2: ‘Action biases induced by incentive valence can be 

counteracted by preparatory control processes’ 

  In the second and third empirical chapter (chapter 3 and 

chapter 4 of this dissertation) we employed closely related paradigms 

that again entailed valence signals bound to cues and valence(-

associated) information coupled to targets, but are now using more 

natural approach/avoidance joystick movements. The use of bi-

directional joystick movements in these chapters was of special 

interest as it allowed to formulate more specific hypotheses with 
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regard to the impact of preparatory and incidental valence signals 

(i.e., approach and avoidance movements are naturally associated 

with reward and punishment, respectively). In chapter 3, we aimed to 

investigate interactions between preparatory and incidental incentive 

valence signals using an intuitive approach/avoidance manipulation. 

In chapter 4, we directly compare the effects of preparatory and 

immediate incentive valence signals using matched within-subject 

manipulations. As such, the most important changes with respect to 

chapter 3 were a) the within-subject manipulation of valence, b) the 

use of relevant cue and relevant target valence, and c) isolated cue 

and target manipulations in discrete blocks. 

  In both chapters we observed that preparatory valence cues 

improved performance globally as compared to no-incentive cues, 

i.e., independent of valence sign (reward/loss) and action type 

(approach/avoid). This is in line with most earlier work that employed 

preparatory valence manipulations (e.g., Knutson & Cooper, 2005; 

Knutson, Westdorp, Kaiser, & Hommer, 2000; Novak & Foti, 2015; 

Zhang, Li, Wang, Liu, & Zheng, 2017). In contrast, valence signals 

associated with the targets produced action biases - and these 

differed between chapter 3 and chapter 4. Specifically, while an 

approach bias was observed for reward and punishment target 

associations in chapter 3 (group manipulation), we observed 

common compatibility effects with reward-approach and 

punishment-avoid facilitation in chapter 4 (within-subject 

manipulation). We believe that this dissociation is resulting from 

design differences in that reward and punishment were directly 

contrasted in chapter 4 but not in chapter 3, and maybe more 

importantly, reward signals associated with targets were relevant for 
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obtaining incentives in chapter 4 but not in chapter 3. More broadly, 

this difference between chapters suggests that the trial context can 

modulate how positive and negative incentives are processed (see 

also Verbruggen & McLaren, 2016). This notion does, however, not 

affect the main conclusion derived from these results - and we 

consider the study design of chapter 4 to be superior in that it 

features more powerful within-subject manipulations, includes 

relevant cue and target valence signals, and manipulates cue and 

target valence in discrete blocks (which prevents for interactions such 

as low-level priming effects; e.g., Grison & Strayer, 2001; Waszak & 

Hommel, 2007). 

  Together, the main finding of these studies is that targets 

signaling positive and negative valence facilitate approach and 

avoidance responses, respectively. This pattern is indicative of a fairly 

automatic integration of valence and action signals, regardless of the 

task goal, which parallels observations in the emotional domain (e.g., 

Chen & Bargh, 1999; Krieglmeyer, Deutsch, De Houwer, & De Raedt, 

2010; Seibt, Neumann, Nussinson, & Strack, 2008). If, however, 

valence and action are signaled by advance cues, increased 

preparation time probing  more controlled processes (Chiew & 

Braver, 2016; Krebs & Woldorff, 2017) causes counteracting of these 

biases to optimize performance and maximize the outcome.  
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Main conclusion 3: ‘Action biases can be triggered by the mere 

prospect of emotional valence, even in task contexts probing more 

controlled processes’  

The fourth empirical chapter (chapter 5 of this dissertation) aimed at 

exploring preparatory and incidental EMOTIONAL valence signals in 

an approach/avoidance task. To this end, we translated the paradigm 

applied in chapter 4 into the emotional domain by introducing 

emotional valence prospect in the form of positive/neutral face 

feedback. The respective type of emotional face was signalled by 

different cues or targets in discrete blocks, while the type of action 

type was always signalled by the target. We observed a positive-

approach bias, in that there was response facilitation for positive-

approach vs. neutral-approach, which was absent in the avoid trials. 

Relating this back to the vast majority of studies that required direct 

responses to positive stimuli (e.g., Chen & Bargh, 1999; Krieglmeyer 

et al., 2010; Krieglmeyer & Deutsch, 2010; Seibt et al., 2008), the bias 

was here thus elicited by the mere prospect of positive valence only. 

  Furthermore, in two of the three experiments, we did not 

observe statistical differences in the biases triggered by the 

preparatory and immediate emotional valence signals, meaning that 

a separation of valence and action signals in time could not hinder 

the bias. In other words, probing preparatory mechanisms by 

advance valence cues (Chiew & Braver, 2016; Krebs & Woldorff, 

2017) did not counteract the bias between emotional valence and 

action - which is in contrast to the pattern in our comparable 

monetary incentive paradigms (chapters 3 and 4). This discrepancy 

may arise from fundamental differences between incentive and 

emotional valence associations, which are potentially related to the 
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time and mode of their acquisition and their behavioral relevance in 

general. 

 Finally, across experiments it was observed that the bias was 

modulated by the relative saliency of the face stimuli in the 

respective trial context (see e.g., Brown & Slovic, 1988; Thayer, 

1980). Together, this study shows that positive valence prospect 

triggers approach responses that cannot be overridden by goal-

directed control.  

 

Possible future research 

Taking a broader perspective, we consider the present results 

not only valuable from a basic psychology perspective, but also for 

more applied domains, such as behavioral training procedures in the 

context of food choices and substance abuse (e.g., Becker, Jostmann, 

Wiers, & Holland, 2015; Verbeken, Braet, Naets, Houben, & 

Boendermaker, 2018; Wiers, Eberl, Rinck, Becker, & Lindenmeyer, 

2011). One of the underlying rationales here is that the repeated 

pairing of certain stimuli with simple avoidance responses or the 

withholding of a response (Go/NoGo task) can lead to a subjective 

devaluation of these stimuli (Chen, Veling, Dijksterhuis, & Holland, 

2016; Verdejo-Garcia, 2016). In turn, when being exposed to these 

stimuli or objects after training, participants (or patients) would be 

less inclined to approach or consume them. As such, these 

procedures aim to modify habitual response patterns related to 

acquired valence-action biases. In this context, the present results 

may help to optimize these procedures as they highlight the 

contribution of controlled versus more automatic mechanisms. 
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Further, the present results shed light on the possibility of using 

monetary incentives as a strategy to establish novel stimulus-

response mappings that are helpful to override the suboptimal 

associations (and resulting bad habits), and hence improve people’s 

quality of life. 

 

General conclusion 

Taken together, the studies presented in this dissertation 

investigated how preceding and immediate valence signals guide 

responses in cognitive tasks. We consider the observation that fairly 

automatic biases triggered by incentive valence can be counteracted 

by preparatory control to be our first main contribution to the field. 

Second, our results provide novel insights regarding the nature of 

valence-action biases in the motivational versus emotional domain. 

While there is overlap in the automatic integration of valence and 

action information across domains, preparatory control overrides 

these biases only when monetary incentives are at stake. We think 

that our findings on the prerequisites and nature of valence-action 

biases in both the motivational and emotional domain helps to better 

integrate previous (partly inconsistent) findings, and hope that they 

will contribute to the development of efficient training applications. 
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Chapter 7 

English summary 

 
  The central goal of this dissertation was to explore differential 

effects of incentive valence signals in MID (Monetary Incentive Delay; 

associated with preparatory control) and SRA tasks (Stimulus-

Research Association; associated with immediate control or low-level 

effects) within one single paradigm. While numerous applications of 

these task types performed over the past decades helped improving 

our knowledge on how preparatory and immediate incentive valence 

signals influence participants’ performance across a variety of tasks, 

studies combining the key characteristics of cue-valence based MID 

and target-valence based SRA tasks within one single paradigm seem 

missing. The present dissertation aimed to directly compare the 

effects of preparatory and immediate incentive valence signals and 

potential interactions in cognitive tasks. 

  In a first set of visual discrimination and conflict experiments 

requiring simple button presses (chapter 2 of this dissertation), we 

observed that preparatory incentive valence signals (i.e., cue-based 

valence; MID) improved task performance globally, especially in the 

more difficult contexts with conflicting information in the targets. 

Immediate incidental incentive valence signals (i.e., target-based 

valence; SRA), on the other hand, showed a more diverse pattern, 

with possibly improving or impairing performance dependent on 

whether these signals occurred in the response relevant or distractor 

dimension. The latter observation could be explained by direct 

response priming triggered by immediate valence signals, which 
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inspired us to move to paradigms in which responses were not 

overlapping with the valence dimension for the subsequent studies in 

this dissertation. 

  In the second series of experiments (chapter 3 of this 

dissertation), we studied the effects of cue-based valence (MID) and 

target-based valence (SRA) in a manikin based approach/avoidance 

paradigm. The rationale behind this paradigm choice was that 

inherent couplings between valence and action, with reward-

approach (or positive-approach) and punish-avoid mappings (or 

negative-avoid), should amplify potential valence effects on behavior, 

and in particular in the case of the immediate valence signals. 

Furthermore, we now directly compared positive (reward) and 

negative (punishment) incentive valence manipulations in a between-

group design. Specifically, one group could win money for correct 

and in-time responses after reward cues, and a second group avoided 

losing money with correct and in-time responses after punishment 

cues. The results showed that preparatory incentive valence again 

improved task performance globally, while immediate incidental 

incentive valence signals (reward and punishment) triggered an 

approach bias, i.e., response facilitation for approach versus avoid 

trials. This latter pattern was unexpected in that we predicted 

opposing valence-action biases for positive and negative incentive 

signals. The pattern may be explained in terms of an arousal effect 

that lowers the threshold for approach responses regardless of 

absolute valence. Moreover, other paradigm features may have 

contributed to this unexpected observation, such as the trial context 

(i.e., participants within each group were presented with one type of 

valence only) and task relevance (i.e., only cues were actually 
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predictive of incentive valence). We therefore created a new 

paradigm that we consider superior to the one of chapter 3. 

  The next set of approach/avoidance studies (chapter 4 of this 

dissertation) featured more powerful within-subject manipulations, 

included relevant cue and relevant target valence signals, and 

employed cue and target valence in discrete blocks (to prevent low-

level priming effects). We replicated the performance improvements 

induced by preparatory reward and punishment signals (cue-based 

valence; MID). Importantly, immediate reward and punishment 

signals (target-based valence; SRA), which were now relevant with 

regard to obtaining incentive outcomes, produced the predicted 

pattern of valence-action biases (facilitation for reward-approach and 

avoid-punishment). The differential pattern between cue-based and 

target-based valence signals supports the view that the inherent 

automatic integration of valence and action signals (target-based) 

can be counteracted by preparatory processes (cue-based). This 

difference between this observation and the previous chapter 

suggests that putative valence-action biases are modulated by task 

relevance of immediate valence signals as well as the trial context 

(direct contrast between positive and negative valence within 

participants). 

  In the last empirical chapter (chapter 5 of this dissertation), we 

wanted to relate our findings to the field in which biases between 

valence and action were most prominently reported, which is the 

emotional domain. Here, these biases are observed when 

participants have to approach and avoid positive and negative 

emotional stimuli, respectively. In order to match our incentive 

valence paradigms, we replaced the prospect of reward by the 
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prospect of encountering positive face stimuli after correct and in-

time responses. Emotional valence (positive/neutral) was predicted 

by the color of the cues (preparatory EMOTIONAL valence; MID) or 

targets (immediate EMOTIONAL valence; SRA) in discrete blocks. We 

found expected response facilitation in the form of an approach bias 

for positive valence prospect as compared to neutral valence in two 

out of three experiments. Intriguingly, and in contrast to our findings 

in the motivational domain, this positive-approach bias occurred 

regardless of whether valence was signaled by cues (preparatory) or 

targets (immediate). In other words, even in a more controlled task 

context, positive valence triggered approach responses, thereby 

undermining the task goal if approaching was not the required 

response. This is indicative of fundamental differences between 

incentive and emotional valence associations, which are potentially 

related to the time and mode of their acquisition (truly ‘inborn’ in the 

case of emotional valence and less susceptible to control 

manipulations) and their behavioral relevance (incentive outcomes 

are more relevant in the lab context thereby inducing stronger 

preparatory control modulations). 

  In sum, the work presented in this dissertation brought about 

several interesting findings. In our view, the two main observations 

are a) that the integration of incentive/emotional valence and action 

information is fairly automatic, as indexed by performance benefits 

and costs for compatible and incompatible mappings, respectively, 

and b) that these biases can be overridden by goal-directed 

processes in the incentive but not in the emotional domain. 
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Chapter 8 

Nederlandstalige samenvatting 

 

  Beloning en straf spelen een belangrijke rol in het promoten en 

ontmoedigen van specifiek gedrag (Kubanek, Snyder, & Abrams, 

2015; Skinner, 1984). Helaas is dit een relatief slecht bewaard 

geheim, en worden kinderen (of diens familieleden) niet zelden 

gedwongen tot het eten van ongezonde producten zodat kinderen 

bijvoorbeeld een nieuwe ‘Flippo’ kunnen toevoegen aan hun 

collectie. Op een gelijke manier kan bepaald gedrag ook ontmoedigd 

worden. Zodra bijvoorbeeld bekend is dat bekeuringen uitgeschreven 

worden indien zonder licht door de nacht gefiets wordt, is de kans 

groter dat men ervoor kiest om fietslampjes te gebruiken. In 

psychologisch onderzoek wordt veelal gefocust op hoe beloningen en 

straffen ertoe leiden dat bepaald gedrag gevormd wordt (zie 

bijvoorbeeld Margules, 1968; Meyer & Offenbach, 1962; Offenbach, 

1965). Hierop verder bouwend, is het doel van deze thesis om bij te 

dragen aan het in kaart te brengen van hoe beloning en straf gedrag 

beïnvloeden. 

 

De uitgestelde-geldbeloning taak en het stimulus-beloning-

associatie paradigma: Twee paradigma’s voor het bestuderen van 

beloning/straf signalisatie 

  Het meest gebruikte paradigma om de impact van 

beloning/straf (ook wel valentie genoemd) te bestuderen is de 

uitgestelde-geldbeloning taak (zie bijvoorbeeld Knutson & Cooper, 
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2005; Knutson, Westdorp, Kaiser, & Hommer, 2000; Novak & Foti, 

2015; Zhang, Li, Wang, Liu, & Zheng, 2017). Hierin wordt eerst de 

valentie informatie aan een proefpersoon gepresenteerd 

(bijvoorbeeld een cue die het symbool ‘€’ toont), gevolgd door een 

target stimulus waarop gereageerd dient te worden (bijvoorbeeld 

woordkleur identificeren (‘groen’); Van Den Berg, Krebs, Lorist, & 

Woldorff, 2014). Als de valentie informatie in dit type paradigma’s 

met cues helpt om beter te presteren, worden deze verbeteringen 

veelal toegeschreven aan verbeterde strategische en voorbereidende 

controle processen (zogenoemde pro-actieve cognitieve controle). 

 Recenter, daarentegen, heeft een nieuw type paradigma zijn 

intrede gedaan, genaamd het stimulus-beloning-associatie paradigma 

(zie bijvoorbeeld Krebs, Boehler, Egner, & Woldorff, 2011; Krebs, 

Boehler, & Woldorff, 2010). In dit type paradigma, waarin geen cues 

gepresenteerd worden, maar slechts targets waarvan een bepaalde 

eigenschap de betreffende valentie van die trial aangeeft 

(bijvoorbeeld diens kleur), moeten proefpersonen alle taak en 

valentie informatie direct en simultaan verwerken. Hierbij dienen 

proefpersonen wederom bijvoorbeeld de woordkleur te benoemen 

(‘groen’), terwijl de blauwe inkt kleur dit keer geassocieerd is met 

beloningen voor correcte en snelle responses (Krebs et al., 2010). 

Verbeterde prestaties in dit type paradigma worden toegeschreven 

aan snelle controle processen (zogenoemde re-actieve cognitieve 

controle) en/of automatische processen waarover proefpersonen 

geen zeggenschap hebben. 

Kortom, door verschillen toe te passen in de timing van de 

aanbieding van de valentie informatie maken deze twee paradigma 

types het mogelijk om verschillende cognitieve mechanismen te 
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activeren en te bestuderen. Pro-actieve cognitieve controle, veelal 

bestudeerd met de uitgestelde-geldbeloning taak, is voorbereidend 

en strategisch (zie bijvoorbeeld Braver, Paxton, Locke, & Barch, 2009; 

Jimura, Locke, & Braver, 2010). Re-actieve cognitieve controle, dat 

goed bestudeerd kan worden met het stimulus-beloning-associatie 

paradigma, wordt beschouwd als snel en bijsturend (Chiew & Braver, 

2017). 

 

Het samenspel tussen voorbereidende en directe valentie signalen 

De uitgestelde-geldbeloning taak en het stimulus-beloning-

associatie paradigma zijn tot op heden voornamelijk in isolatie van 

elkaar uitgevoerd, waardoor het onbekend is of er ook een mogelijke 

samenspel tussen de verschillende types van valentie signalisaties 

kan plaatsvinden. Vandaar is de onderzoeksvraag die we trachtten te 

beantwoorden in het eerste empirsche hoofdstuk (hoofdstuk 2 van 

deze thesis): Wordt gedrag gevormd door interacties tussen 

voorbereidende en directe geld valentie signalen in cognitieve 

experimenten? 

Het hoofdstuk beschrijft drie experimenten waarin valentie 

signalisatie consistent plaatsvond door de cues, terwijl de targets in 

een (taak-irrelevante) beloningsgeassocieerde kleur gepresenteerd 

werden. In een eenvoudige visuele visuele discriminatie taak 

(grootste van twee openingen classificatie) observeerden we 

anekdotisch bewijs voor een additief effect van valentie signalisatie 

door cues en targets, en een effect van de beloningscues op zichzelf 

in een meer complexe conflict taak (aantal telwoorden classificatie 

met diens semantiek mogelijk verwijzend naar telwoorden). Echter, 
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wanneer een directe overlap tussen de valentie en response 

dimensie toegepast werd (beloningsinformatie en taak waren beide 

kleurgerelateerd) in een conflict taak (kleur identificatie van een 

cirkel die omringd is door een andere gekleurde cirkel) werd een 

meer divers patroon geobserveerd. Hier werden verbeterde 

prestaties gezien indien cues en targets beide in de beloningskleur 

gepresenteerd werden, en meer fouten in responses als de distractor 

(de buitenste cirkel in conflict trials) in een beloningskleur 

weergegeven werd. Verslechterde prestaties door 

beloningsgeassocieerde informatie zijn niet uniek (zie ook Krebs et 

al., 2010, 2011), en hier waarschijnlijk gedreven door weggeleiding 

van aandacht (zie ook Anderson, Laurent, & Yantis, 2011; Hickey, 

Chelazzi, & Theeuwes, 2010; Sali, Anderson, & Yantis, 2014) en 

automatische activatie van incorrecte responses (zie ook Muhle-

Karbe & Krebs, 2012) door beloningsgeassocieerde stimuli. De 

geobserveerde impact van paradigma keuzes, zoals van de valentie 

vs. response dimensie, heeft ons geholpen bij de ontwikkeling van de 

vervolgexperimenten in deze thesis. 

 

De impact van voorbereidende en directe valentie signalen in een 

approach/avoidance context 

Voor psychologisch onderzoek met geldbeloningen kan ook 

gebruik gemaakt worden van zogenoemde approach/avoid (joystick) 

responses. Dit is interessant aangezien bepaalde effecten, 

voornamelijk die geobserveed kunnen worden met het stimulus-

beloning-associatie paradigma, gekenmerkt worden door een directe 

relatie met de response mogelijkheden binnen dit paradigma type 

(beloning-approach en straf-avoid/inhibitie; zie bijvoorbeeld Asci, 
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Braem, Park, Boehler, & Krebs, 2019; Freeman, Razhas, & Aron, 2014; 

Guitart-Masip et al., 2011). Deze relatie, vaak geïdentificeerd als 

valentie-actie mappingen, wordt ook vaak geobserveed voor 

emotionele stimuli (positief-approach en negatief-avoid; zie 

bijvoorbeeld Chen & Bargh, 1999; Krieglmeyer, Deutsch, De Houwer, 

& De Raedt, 2010; Phaf et al., 2014; Seibt, Neumann, Nussinson, & 

Strack, 2008). Het was echter nog een open vraag hoe deze valentie-

actie mappingen in het geldbeloning domein beïnvloed worden als 

valentie signalisatie plaatsvindt door cues (uitgestelde-geldbeloning 

taak context). Vandaar is de onderzoeksvraag van het tweede 

empirsche hoofdstuk (hoofdstuk 3 van deze thesis): Wordt gedrag 

gevormd door interacties tussen voorbereidende geld valentie 

signalen en directe geld valentie-associaties in een 

approach/avoidance context? 

Het hoofdstuk bestaat uit een onderzoek dat een combinatie is 

van de uitgestelde-geldbeloning taak (valentie signalisatie door cues), 

het stimulus-beloning-associatie paradigma (targets werden mogelijk 

gepresenteerd in een beloningsgeassocieerde kleur), en een 

approach/avoidance joystick taak. Zoals in het eerste empirische 

hoofdstuk vond valentie signalisatie consistent plaats door de cues, 

terwijl de targets wederom in een (taak-irrelevante) 

beloningsgeassocieerde kleur gepresenteerd konden worden. De 

beschikbare valentie types werden gemanipuleerd tussen groepen, 

hetgeen betekent dat er een win- en strafgroep deelnamen aan dit 

onderzoek. De win groep startte met 0 euro en kon bonusgeld 

verdienen, terwijl de andere groep met bonusgeld startte en slechts 

kon voorkomen geld te verliezen. De targets vereisten wederom 

eenvoudige classificatie (horizontale/verticale oriëntatie), maar nu 
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gebeurde dit door middel van het bewegen van een joystick 

(approach/avoid). De joystick bewegingen triggerden op hun beurt 

animaties van een mannetje op het scherm naar de target toe of van 

de target af die in overeenstemming waren met de proefpersonen 

hun arm bewegingen (zie ook Krieglmeyer et al., 2010; Krieglmeyer & 

Deutsch, 2010). De resultaten in beide groepen waren gelijkend: De 

resultaten toonden globaal verbeterde responses indien cues 

valentie (win/straf vs. neutraal) signaleerden (zie ook Knutson & 

Cooper, 2005; Knutson et al., 2000; Novak & Foti, 2015; Zhang et al., 

2017), terwijl de targets een meer diverse patroon lieten zien. Indien 

targets valentie signaleerden, leidde dit tot verbeterde approach 

responses en verslechterde avoid responses. De observatie dat deze 

valentie-approach bias alleen gezien werd voor de targets, die 

gekenmerkt worden door weinig tijd voor de integratie van valentie 

informatie in de response (Chiew & Braver, 2016; Krebs & Woldorff, 

2017), suggereert dat een context die voorbereidings- en meer 

strategische processen promoot (cue valentie blok) in staat is om 

taak uitvoer in overeenstemming met taakdoelen te bewerkstelligen, 

leidend tot een absente bias. Het feit dat er geen verschil 

geobserveerd werd tussen beloning en straf in de acties die ze 

triggerden (beide faciliteerden approach responses), is waarschijnlijk 

toe te schrijven aan design keuzes zoals dat targets irrelevant waren 

met betrekking tot het daadwerkelijk verdienen/behouden van geld 

en dat de groepen met alleen beloning of straf vs. neutraal 

gepresenteerd werden. Om dit verder te kunnen onderzoeken, 

hebben we een aantal paradigma veranderingen toegepast in de 

vervolg experimenten. 
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Het derde empirische hoofdstuk (hoofdstuk 4 van de thesis) 

bestaat uit een serie van experimenten die zich richt op een 

gerelateerde onderzoeksvraag: Hoe verhouden voorbereidende en 

directe geld valentie signalen zich tot elkaar in een 

approach/avoidance context met gematchte binnen-proefpersonen 

manipulaties? Zoals de onderzoeksvraag al aangeeft, gebruikten we 

ditmaal een paradigma waarin alle types van valentie 

(win/straf/neutraal) aan alle proefpersonen werden aangeboden, 

met verschillende blokken voor valantie signalisatie door cues 

(uitgestelde-geldbeloning taak structuur) en targets (stimulus-

beloning-associatie paradigma structuur), en waarin beide elementen 

daadwerkelijk valentie voorspellend waren. Proefpersonen 

reageerden wederom op de oriëntatie van targets met behulp van 

joystick bewegingen die animaties triggerden naar de targets toe of 

ervanaf. Het eerdere resultaatpatroon, met actie-afhankelijke 

gedragsmodulaties, werd ook hier geobserveerd. Echter, in 

tegenstelling tot hoofdstuk 3, werd nu niet slechts valentie-approach 

facilitatie gezien, maar gedragsverbeteringen voor beloning-approach 

en straf-avoid ten opzichte van straf-approach en beloning-avoid. 

Deze compatibiliteit specifieke verbeteringen in hoofdstuk 4 ten 

opzichte van hoofdstuk 3 suggereren dat proefpersonen de waarde 

van de valentie ervaren aan de hand van de beschikbare valentie 

types. Een wellicht nog belangrijker verschil is dat de valentie 

signalisatie door zowel cues als targets alleen in hoofdstuk 4 

daadwerkelijk taak-relevant was. Desalniettemin beïnvloedt dit 

verschil in resultaten van de hoofdstukken de voornaamste conclusie 

van deze datasets niet, namelijk dat voorbereidings- en strategische 

processen in staat zijn om taak uitvoer in overeenstemming met 
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taakdoelen te bewerkstelligen en de mappingen tussen valentie en 

actie informatie dus te beïnvloeden.  

Zoals eerder besproken werden de valentie-actie mappingen 

tot op heden voornamelijk bestudeerd met behulp van emotionele 

stimuli (zie bijvoorbeeld Chen & Bargh, 1999; Krieglmeyer et al., 

2010; Phaf et al., 2014; Seibt et al., 2008). Om onze resultaten met 

geldbeloningen te relateren aan de bevindingen in het emotionele 

domein, hebben we onze oorspronkelijke approach/avoidance 

joystick paradigma’s vertaald naar toepassingen in het emotionele 

domein. Hiervoor hebben we de geldbeloningen in een paradigma 

van hoofdstuk 4 vervangen door presentatie van positieve/neutrale 

gezichten na de response. De onderzoeksvraag die we vandaar met 

de experimenten in het vierde empirsche hoofdstuk (hoofdstuk 5 van 

de thesis) willen beantwoorden is: Hoe verhouden voorbereidende en 

directe EMOTIONELE valentie signalen zich tot elkaar in een 

approach/avoidance context? 

In de experimenten van hoofdstuk 5 waren er cue (uitgestelde-

geldbeloning taak structuur) en target kleuren (stimulus-beloning-

associatie paradigma structuur) in gescheiden blokken die 

voorspelden of positieve of neutrale gezichten gezien kon worden na 

correcte en snelle responses. Proefpersonen voerden wederom een 

eenvoudige target-classificatie taak uit met behulp van joystick 

bewegingen die animaties triggerden naar targets toe of ervanaf. De 

resultaten toonden dat, in tegenstelling tot al het eerder onderzoek 

in het emotionele domein waarin de positieve emotionele informatie 

consistent werd aangeboden tijdens de response (zie bijvoorbeeld 

Chen & Bargh, 1999; Krieglmeyer et al., 2010; Phaf et al., 2014; Seibt 

et al., 2008), mappingen tussen valentie en actie (hier, response 
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facilitatie voor positief-approach) ook getriggerd kunnen worden 

door slechts het vooruitzicht van positieve emotionele informatie. In 

tegenstelling tot de resultaten van hoofdstuk 3 en 4 zien we ook een 

fundamenteel verschil in deze valentie-actie mappingen, namelijk dat 

deze in het emotionele domein niet overreden kunnen worden in een 

context met meer tijd tussen valentie en actie informatie presentatie, 

welke meer strategische en voorbereidende controle processen 

faciliteert (Chiew & Braver, 2016; Krebs & Woldorff, 2017). Deze 

resultaten suggereren fundamentele verschillen tussen 

geldbeloningen en emotionele stimuli in hoe zij acties triggeren. 

Bovendien werden verschillen in de bias geobserveerd tussen de 

experimenten, waarbij de inclusie van minder beladen trials (zonder 

gezichten) in een subset van de trials de positief-approach mapping 

faciliteerde. Op basis hiervan concluderen wij dat verschillen in 

beladenheid tussen trials blijkbaar van belang zijn voor de bias 

modulatie in het emotionele domein. 

 

Mogelijke toekomstig onderzoek 

  Onzes inziens zijn de huidige resultaten interessant voor meer 

klinische toepassingen, zoals gedragstrainingen om positive 

associaties met stimuli als ongezond eten, drank of drugs te 

reduceren (zie bijvoorbeeld Becker, Jostmann, Wiers, & Holland, 

2015; Verbeken, Braet, Naets, Houben, & Boendermaker, 2018; 

Wiers, Eberl, Rinck, Becker, & Lindenmeyer, 2011). De onderliggende 

logica van deze methode is dat herhaaldelijke koppeling van deze 

ongezonde stimuli met avoid responses of het inhiberen van 

responses (Go/NoGo taak; zie bijvoorbeeld Guitart-Masip et al., 

2011) zou leiden tot devaluatie van deze stimuli (Chen, Veling, 
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Dijksterhuis, & Holland, 2016; Verdejo-Garcia, 2016), hetgeen 

vermindere consumptie uiteindelijk zou kunnen bewerkstelligen. De 

huidige resultaten kunnen helpen om a) de meest geschikte timing 

toe te passen waarin deze biases geobserveerd en dus mogelijk 

gereduceerd kunnen worden, en b) beloning/straf in de vorm van 

geld te overwegen als (blijkbaar effectief) middel om deze associaties 

te beïnvloeden. 

 

Algemene conclusie 

  De studies die we gepresenteerd hebben, richtten zich op hoe 

voorafgaande en directe valentie signalen response selectie in 

cognitieve taken berwerkstelligen. Als eerste voornaamste bevinding 

beschouwen wij de observatie dat de actie biases getriggerd door 

geldbeloningen overreden kunnen worden door meer strategische en 

voorbereidingsprocessen. Als tweede voornaamste bevinding 

beschouwen wij de nieuwe inzichten betreffende de mappingen in 

het emotionele domein. Deze bleken van nog sterkere automatische 

aard te zijn dan die in het motivationele domein, aangezien het 

stimuleren van meer strategische en voorbereidingsprocessen niet 

ertoe leidde dat deze mappingen overreden konden worden ten 

faveure van de huidige taakdoelen (dat wilt zeggen met verbeterede 

prestatie voor emotioneel geladen stimuli te allen tijde; zie positief-

avoid). We denken dat onze resultaten helpen om eerdere 

inconsistente bevindingen beter te begrijpen, en hopen dat ze 

uiteindelijk zullen bijdragen aan de ontwikkeling van efficiënte 

training toepassingen. 
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Appendix 

Data storage fact sheets 

 
Data storage information for the data of chapter 2 
% Data Storage Fact Sheet  
% Name/identifier study 
% Author: Vincent Hoofs 
% Date: March 11, 2019  
1. Contact details 
=========================================================== 
1a. Main researcher 
----------------------------------------------------------- 
- name: Vincent Hoofs 
- address: Henri Dunantlaan 2, 9000 Gent 
- e-mail: vincent.hoofs@ugent.be 

1b. Responsible Staff Member (ZAP)  
----------------------------------------------------------- 
- name: Ruth Krebs 
- address: Henri Dunantlaan 2, 9000 Gent 
- e-mail: ruth.krebs@ugent.be 

If a response is not received when using the above contact details, please send an email to 
data.pp@ugent.be or contact Data Management, Faculty of Psychology and Educational Sciences, Henri 
Dunantlaan 2, 9000 Ghent, Belgium. 
 
2. Information about the datasets to which this sheet applies  
=========================================================== 
* Reference of the publication in which the datasets are reported: 
* Which datasets in that publication does this sheet apply to?: This sheet applies to all data reported in 
chapter 2 
 
3. Information about the files that have been stored 
=========================================================== 
3a. Raw data 
----------------------------------------------------------- 
* Have the raw data been stored by the main researcher? [x] YES / [ ] NO 
If NO, please justify: 
 
* On which platform are the raw data stored? 
  - [x] researcher PC 
  - [x] research group file server 
  - [x] other (specify): Main researcher’s external HD 
 
* Who has direct access to the raw data (i.e., without intervention of another person)? 
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  - [x] main researcher 
  - [x] responsible ZAP 
  - [ ] all members of the research group 
  - [ ] all members of UGent 
  - [ ] other (specify): … 
 
3b. Other files 
----------------------------------------------------------- 
* Which other files have been stored? 
  - [ ] file(s) describing the transition from raw data to reported results. Specify: For these procedures, 
see the Method section of chapter 2  
  - [x] file(s) containing processed data. Specify: Cleaned and aggregated data 
  - [x] file(s) containing analyses. Specify: Statistical output 
  - [ ] files(s) containing information about informed consent  
  - [x] a file specifying legal and ethical provisions. Specify: Documents submitted to the Ethical 
Committee as well as their letter of approval are saved on the main researcher’s PC and research group 
file server 
  - [ ] file(s) that describe the content of the stored files and how this content should be interpreted. 
Specify: ...  
  - [ ] other files. Specify: ... 
 
* On which platform are these other files stored?  
  - [x] individual PC 
  - [ ] research group file server 
  - [x] other: Main researcher’s external HD   
 
* Who has direct access to these other files (i.e., without intervention of another person)?  
  - [x] main researcher 
  - [ ] responsible ZAP 
  - [ ] all members of the research group 
  - [ ] all members of UGent 
  - [ ] other (specify): ...     
 
4. Reproduction  
=========================================================== 
* Have the results been reproduced independently?: [ ] YES / [x] NO 
 
* If yes, by whom (add if multiple): 
   - name:  
   - address:  
   - affiliation: 
   - e-mail:  
 
v0.2 
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Data storage information for the data of chapter 3 
% Data Storage Fact Sheet  
% Name/identifier study 
% Author: Vincent Hoofs 
% Date: March 11, 2019 
1. Contact details 
=========================================================== 
1a. Main researcher 
----------------------------------------------------------- 
- name: Vincent Hoofs 
- address: Henri Dunantlaan 2, 9000 Gent 
- e-mail: vincent.hoofs@ugent.be 

1b. Responsible Staff Member (ZAP)  
----------------------------------------------------------- 
- name: Ruth Krebs 
- address: Henri Dunantlaan 2, 9000 Gent 
- e-mail: ruth.krebs@ugent.be 

If a response is not received when using the above contact details, please send an email to 
data.pp@ugent.be or contact Data Management, Faculty of Psychology and Educational Sciences, Henri 
Dunantlaan 2, 9000 Ghent, Belgium. 
 
2. Information about the datasets to which this sheet applies  
=========================================================== 
* Reference of the publication in which the datasets are reported: Hoofs, V., Carsten, T., Boehler, C. N., 
& Krebs, R. M. (2018). Interactions between incentive valence and action information in a cued 
approach–avoidance task. Psychological Research, 1–13. http://doi.org/10.1007/s00426-018-0975-x 
* Which datasets in that publication does this sheet apply to?: This sheet applies to all data reported 
chapter 3 and the published manuscript 
 
3. Information about the files that have been stored 
=========================================================== 
3a. Raw data 
----------------------------------------------------------- 
* Have the raw data been stored by the main researcher? [x] YES / [ ] NO 
If NO, please justify: 
 
* On which platform are the raw data stored? 
  - [x] researcher PC 
  - [x] research group file server 
  - [x] other (specify): Main researcher’s external HD 
 
* Who has direct access to the raw data (i.e., without intervention of another person)? 
  - [x] main researcher 
  - [x] responsible ZAP 
  - [] all members of the research group 
  - [] all members of UGent 
  - [] other (specify):  
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3b. Other files 
----------------------------------------------------------- 
* Which other files have been stored? 
  - [ ] file(s) describing the transition from raw data to reported results. Specify: For the main procedures, 
see the Method section of chapter 3 and the published manuscript 
  - [x] file(s) containing processed data. Specify: Cleaned and aggregated data 
  - [x] file(s) containing analyses. Specify: Statistical output 
  - [ ] files(s) containing information about informed consent  
  - [x] a file specifying legal and ethical provisions. Specify: Documents submitted to the Ethical 
Committee as well as their letter of approval are saved on the main researcher’s PC and research group 
file server 
  - [ ] file(s) that describe the content of the stored files and how this content should be interpreted. 
Specify: ...  
  - [ ] other files. Specify: ... 
 
* On which platform are these other files stored?  
  - [x] individual PC 
  - [ ] research group file server 
  - [x] other: Main researcher’s external HD     
 
* Who has direct access to these other files (i.e., without intervention of another person)?  
  - [x] main researcher 
  - [ ] responsible ZAP 
  - [ ] all members of the research group 
  - [ ] all members of UGent 
  - [ ] other (specify): ...     
 
4. Reproduction  
=========================================================== 
* Have the results been reproduced independently?: [ ] YES / [x] NO 
 
* If yes, by whom (add if multiple): 
   - name:  
   - address:  
   - affiliation: 
   - e-mail:  
 
v0.2 
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Data storage information for the data of chapter 4 

% Data Storage Fact Sheet  
% Name/identifier study 
% Author: Vincent Hoofs 
% Date: March 11, 2019 
1. Contact details 
=========================================================== 
1a. Main researcher 
----------------------------------------------------------- 
- name: Vincent Hoofs 
- address: Henri Dunantlaan 2, 9000 Gent 
- e-mail: vincent.hoofs@ugent.be 

1b. Responsible Staff Member (ZAP)  
----------------------------------------------------------- 
- name: Ruth Krebs 
- address: Henri Dunantlaan 2, 9000 Gent 
- e-mail: ruth.krebs@ugent.be 

If a response is not received when using the above contact details, please send an email to 
data.pp@ugent.be or contact Data Management, Faculty of Psychology and Educational Sciences, Henri 
Dunantlaan 2, 9000 Ghent, Belgium. 
 
2. Information about the datasets to which this sheet applies  
=========================================================== 
* Reference of the publication in which the datasets are reported: 
* Which datasets in that publication does this sheet apply to?: This sheet applies to all data reported in 
chapter 4  
 
3. Information about the files that have been stored 
=========================================================== 
3a. Raw data 
----------------------------------------------------------- 
* Have the raw data been stored by the main researcher? [x] YES / [ ] NO 
If NO, please justify: 
 
* On which platform are the raw data stored? 
  - [x] researcher PC 
  - [x] research group file server 
  - [x] other (specify): Main researcher’s external HD, OSF 
 
* Who has direct access to the raw data (i.e., without intervention of another person)? 
  - [x] main researcher 
  - [x] responsible ZAP 
  - [x] all members of the research group 
  - [x] all members of UGent 
  - [x] other (specify): Data will be made publicly available on OSF after manuscript publication 
 
3b. Other files 
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----------------------------------------------------------- 
* Which other files have been stored? 
  - [ ] file(s) describing the transition from raw data to reported results. Specify: These steps are reported 
in the Method section of chapter 4 
  - [x] file(s) containing processed data. Specify: Cleaned and aggregated data (main researcher PC, main 
researcher’s external HD) 
  - [x] file(s) containing analyses. Specify: Statistical output (main researcher PC, main researcher’s 
external HD, OSF) 
  - [ ] files(s) containing information about informed consent  
  - [x] a file specifying legal and ethical provisions. Specify: Documents submitted to the Ethical 
Committee as well as their letter of approval are saved on the main researcher’s PC and research group 
file server 
  - [ ] file(s) that describe the content of the stored files and how this content should be interpreted. 
Specify: ...  
  - [ ] other files. Specify: ... 
 
* On which platform are these other files stored?  
  - [x] individual PC 
  - [ ] research group file server 
  - [x] other: Main researcher’s external HD, OSF (see previous section for the data stored per platform)     
 
* Who has direct access to these other files (i.e., without intervention of another person)?  
  - [x] main researcher 
  - [ ] responsible ZAP 
  - [ ] all members of the research group 
  - [ ] all members of UGent 
  - [x] other (specify): See previous sections for who has direct accesses to which files     
 
4. Reproduction  
=========================================================== 
* Have the results been reproduced independently?: [ ] YES / [x] NO 
 
* If yes, by whom (add if multiple): 
   - name:  
   - address:  
   - affiliation: 
   - e-mail:  
 
v0.2 
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Data storage information for the data of chapter 5 

% Data Storage Fact Sheet  
% Name/identifier study 
% Author: Vincent Hoofs 
% Date: March 11, 2019 
1. Contact details 
=========================================================== 
1a. Main researcher 
----------------------------------------------------------- 
- name: Vincent Hoofs 
- address: Henri Dunantlaan 2, 9000 Gent 
- e-mail: vincent.hoofs@ugent.be 

1b. Responsible Staff Member (ZAP)  
----------------------------------------------------------- 
- name: Ruth Krebs 
- address: Henri Dunantlaan 2, 9000 Gent 
- e-mail: ruth.krebs@ugent.be 

If a response is not received when using the above contact details, please send an email to 
data.pp@ugent.be or contact Data Management, Faculty of Psychology and Educational Sciences, Henri 
Dunantlaan 2, 9000 Ghent, Belgium. 
 
2. Information about the datasets to which this sheet applies  
=========================================================== 
* Reference of the publication in which the datasets are reported: 
* Which datasets in that publication does this sheet apply to?: This sheet applies to all data reported in 
chapter 6 
 
3. Information about the files that have been stored 
=========================================================== 
3a. Raw data 
----------------------------------------------------------- 
* Have the raw data been stored by the main researcher? [x] YES / [ ] NO 
If NO, please justify: 
 
* On which platform are the raw data stored? 
  - [x] researcher PC 
  - [x] research group file server 
  - [x] other (specify): Main researcher’s external HD, OSF 
 
* Who has direct access to the raw data (i.e., without intervention of another person)? 
  - [x] main researcher 
  - [x] responsible ZAP 
  - [x] all members of the research group 
  - [x] all members of UGent 
  - [x] other (specify): Data will be made publicly available on OSF after manuscript publication 
 
3b. Other files 
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----------------------------------------------------------- 
* Which other files have been stored? 
  - [ ] file(s) describing the transition from raw data to reported results. Specify: These steps are reported 
in the Method section of chapter 6 
  - [x] file(s) containing processed data. Specify: Cleaned and aggregated data (main researcher PC, main 
researcher’s external HD) 
  - [x] file(s) containing analyses. Specify: Statistical output (main researcher PC, main researcher’s 
external HD, OSF) 
  - [ ] files(s) containing information about informed consent  
  - [x] a file specifying legal and ethical provisions. Specify: Documents submitted to the Ethical 
Committee as well as their letter of approval are saved on the main researcher’s PC and research group 
file server 
  - [ ] file(s) that describe the content of the stored files and how this content should be interpreted. 
Specify: ...  
  - [ ] other files. Specify: ... 
 
* On which platform are these other files stored?  
  - [x] individual PC 
  - [ ] research group file server 
  - [x] other: Main researcher’s external HD, OSF (see previous section for the data stored per platform)     
 
* Who has direct access to these other files (i.e., without intervention of another person)?  
  - [x] main researcher 
  - [ ] responsible ZAP 
  - [ ] all members of the research group 
  - [ ] all members of UGent 
  - [x] other (specify): See previous sections for who has direct accesses to which files     
 
4. Reproduction  
=========================================================== 
* Have the results been reproduced independently?: [ ] YES / [x] NO 
 
* If yes, by whom (add if multiple): 
   - name:  
   - address:  
   - affiliation: 
   - e-mail:  
 
v0.2 

 
 

 


