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Abstract 

In two experiments, we investigated a cross-task transfer of implicit knowledge 

between two dissimilar tasks requiring manual motor activity. In the first experiment, 

participants were aware of the relevance of their experience in one task for the solution of the 

other. In this condition, we observed transfer. In the second experiment, the participants did 

not know about the relationships between the two tasks, and the transfer did not occur. 

Concurrent verbalization was harmful in the first experiment but helped participants in the 

second experiment. We conclude that one has to be metacognitively aware that one has a 

relevant representation to allow for its transfer between two dissimilar tasks. We discuss the 

obtained results within recent theories of analogous transfer from different research domains, 

such as problem-solving, implicit learning, and motor control. 

Keywords: implicit learning, transfer, verbalization, metacognition, problem-solving.   
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 Metacognitive awareness is needed for analogical transfer between dissimilar tasks 

Transfer of well-known principles to new problems is the key feature of creativity and 

learning. It is still unclear, however, how such transfer occurs. Anecdotal evidence from the 

history of scientific creativity shows that knowledge transfer may occur unconsciously or at 

least unintentionally (Khatena, 1995). It is also known that the task's characteristics influence 

the transfer's probability (Gick & McGarry, 1992; Spiridonov et al., 2019). In this paper, we 

will investigate whether a transfer of information happens between two tasks with different 

perceptual characteristics and mental models needed for their solutions, and how the 

knowledge that such transfer is possible influences this process. 

Multiple different factors may influence whether a solution will be transferred from 

one task to another. In the following, we review evidence from problem solving (both verbal 

and non-verbal) and implicit learning to shed light on various aspects of the transfer process. 

Instrumental and functional training in the 9-dot problem 

In the frequently studied 9-dot problem, participants have to draw four straight lines 

to cross 9 dots organized in the form of a 3-by-3 square. To solve the problem, the participant 

needs to continue the line outside of the ‘square’ created by the dots, and make what is called 

a non-dot turn. Simply describing the critical part of the solution – the need to draw outside 

of the ‘square’ – does not help the participants solve the problem (Weisberg & Alba, 1981). 

The probability of solving the problem increases with direct perceptual hints, such as gray 

dots in non-dot-turn locations, or training of actions very similar to those performed in the 9-

dot problem solution (e.g., training of non-dot turns) (Kershaw & Ohlsson, 2004). 

 Studies using the 9-dot problem show that information learned in a motor training 

task can be transferred to solve the 9-dot problem when that motor training is functionally 

related to the solution and not just employs the same movements, i.e. is just instrumental 

(Lung & Dominowski, 1985; Thomas & Lleras, 2009; Spiridonov et al., 2019). In the study 
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of Spiridonov and colleagues (2019), training non-dot turns before a 9-dot problem helped 

participants solve it while training to make turns with the specific angle that is needed for the 

solution did not influence their performance. This shows that the specific motor action trained 

in a separate task is not automatically transferred to the 9-dot problem. In contrast, the 

abstract idea behind the solution can be transferred from a separate task. That is what is 

called the functional relation of the training. 

Noticing in verbal problem solving 

The 9-dot problem studies show that relevant information can be acquired through 

action and later used to solve the problem. Experiments using verbal insight problems 

demonstrate that abstract transfer between tasks is possible as well if the participants notice 

the similarity between the two tasks. For example, in a study by Gick and Holyoak (1980) 

participants had to solve two problems: Duncker’s ‘radiation problem’ (Duncker, 1945) in its 

original version and the same problem reformulated as the Attack-Dispersion problem. The 

participants were able to show a transfer of the solution from one problem to another (Gick & 

Holyoak, 1980). The transfer happened less frequently when the level of analogy between the 

problems was lowered, or when no explicit hints on the connection between the two problems 

were given. 

The proposed theoretical explanation is that cross-task transfer is caused by ‘noticing’ 

– meaning that to exhibit a transfer of a solution from one problem to another, a person has to 

notice the need and possibility for such transfer (Gentner, 1989; Novick, 1988; Ross, 1987). 

Noticing, in turn, is influenced by the surface similarity of the two tasks – if the tasks are 

similar, the participants are more likely to notice that the solution can be transferred from one 

task to the other. 

In most experiments that use verbal insight problems, the participants have limited 

time to solve the problems, which may influence how often uninformed participants notice 
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the connection between the two tasks. Bowden (1985) showed that, when given enough time, 

the participants that have the information, but do not know that it is relevant, perform better 

than participants with no information at all. It is unclear whether the participants who were 

not informed about the connection between the two tasks can solve the problem because they 

consciously make that connection themselves, or because prior knowledge is implicitly 

influencing the solution. 

Furthermore, cross-task transfer is usually studied within the scope of training for a 

specific task, such as motor training or sequence learning (Vinter & Perruchet, 2000, 2002), 

perceptual training in visual search sequences (Lewicki et al., 1987; Stadler, 1989), or 

transfer between two similar tasks. Analogous transfer research classically utilizes the same 

verbal insight problems with different background stories (Needham & Begg, 1991; Novick, 

1988; Ross, 1987). This makes it difficult to dissociate between ‘noticing’ and the sheer fact 

of the transfer: tasks that have a high surface similarity may lead to improved transfer and 

improved ‘noticing’ simultaneously. 

Similar mental models in perceptually dissimilar tasks 

Day and Goldstone (2011) investigated whether transfer may be based on the 

similarity between mental models of the tasks, not their surface similarity. In a series of 

experiments, they used two tasks. The first task was a text-based interactive game in which 

participants were asked to influence the population of a city by varying the amount of media 

advertising. The target manipulation of the city could be to maximize or stabilize the 

population. In the second task, the participants were presented with a physical system with a 

ball placed between two rubber bands, which were attached to stationary pins. They could 

place fans in the system to change the position of the ball. Again, the goal of the task was to 

either move the ball to the right pin or stabilize it between the two pins. Crucially, the 

abstract mechanism of achieving the goals in both tasks was the same: the location of the ball 
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was analogous to the population of the city, the right elastic band was analogous to the force 

that makes the city more attractive when the population is low, and so on. By choosing these 

tasks, Day and Goldstone (2011) were able to present two problems that had the same 

underlying structure, but drastically different visual representations and ways of interacting 

with the problems (text versus graphic model). 

Day and Goldstone (2011) discovered that the solution was transferred from one task 

to another despite their perceived dissimilarity. The authors suggest that the crucial 

characteristic that influences cross-task transfer is not the surface similarity, but the similarity 

between the mental models needed for the solutions. By mental models, Day and Goldstone 

understand “simplified structured representations” of “complex real-world systems” (Day & 

Goldstone, 2011, p.552). 

Transfer in implicit learning research 

Implicit learning research shows that people can become sensitive to abstract 

regularities without being able to report them (Reber, 1967, 1993) which suggests they have 

also not noticed them. In artificial grammar learning experiments, participants are exposed to 

a set of letter strings built based on complex rules, i.e., an artificial grammar. After such 

exposure, they discriminate between new grammatical and non-grammatical strings at the 

above-chance level without being able to report any rules of the grammar (Reber, 1967). This 

effect was also observed when the testing items were composed using another set of letters 

with the same grammatical rule (Reber, 1969; Scott & Dienes, 2010) or even cross-modally 

(Dienes & Altmann, 1997), supporting the idea of unconscious learning and transfer of 

abstract grammatical structures (Reber, 1993). Thus, it may be possible to show the transfer 

between two problems without having an explicit representation of the solution or noticing 

the need for the transfer. 
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To summarize, research from the verbal insight problems suggests that surface 

similarity determines whether the information will be transferred between tasks. Studies 

using the 9-dot-problem, on the other hand, point toward the functional relatedness of the 

tasks as the crucial factor for the transfer. Day and Goldstone (2011) show that, if the two 

tasks have similar mental models underlying their solution – a concept that is similar to the 

functional relatedness discussed in the 9-dot-problem literature – the transfer is still possible, 

even if there is no surface similarity between the tasks. However, existing research largely 

focused on transfer between tasks with similar or even exactly the same solutions and mental 

models underlying these solutions. 

Mental models’ modification 

People are able to change the mental models acquired in a task (e.g. Knoblich et al., 

1999). In our experiments, we investigate whether transfer is possible between two tasks even 

if the mental models required to solve these tasks are different – as long as one model can be 

changed into another one. 

More than 50 years ago, Soviet psychologist Y.A. Ponomarev developed a paradigm 

that can be used to investigate transfer between tasks with different mental models required 

for their solutions and discovered the effect of the cross-task transfer on creative problem-

solving (Ponomarev, 1960, 1976). Ponomarev suggested that a creative act can consist of 

unconscious usage of ‘byproducts’ of previous activities.  

The paradigm that Ponomarev proposed to test this hypothesis consists of two tasks. 

In the first task, the participant has to solve a brain teaser called a ‘polytypic panel’ (referred 

to as the ‘poly-panel’ further). It consists of a platform with 16 cylindrical studs of different 

diameters and 6 wooden planks of different lengths (see Figure 1A). Each plank has holes 

with different diameters equal to those of the studs on the platform (different planks make the 

panel polytypic – in contrast to a monotypic panel used in other experiments of Ponomarev). 
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Subjects are instructed to place all the planks on the panel such that all the studs are covered, 

and every next plank is attached to the end of the previous one. There is only one possible 

solution within these constraints (see Figure 1A). Within these constraints, the poly-panel 

task is, essentially, a route-finding task. In the second task, subjects are supposed to get 

through a maze with hurdles. The maze is drawn on paper, and a piece of cardboard is placed 

on top of it so that participants can only see a small part of the maze at each point in time (see 

Figure 1B). The solution to the maze is related to the solution of the poly-panel: the 

movement pattern in the maze repeats the planks’ location on the panel (as seen in Figure 

1C). Ponomarev theorized that the movements in the maze can reflect the ‘byproduct’ the 

participants create while solving the poly-panel. Thus, the maze is covered to stop the 

participants from studying it visually, planning new possible movements, and hiding the 

influence of the poly-panel in the resulting noise. The fact that the maze is covered means 

that a ‘byproduct’ representation of the solution cannot be formed and transferred from the 

maze to the poly-panel if the tasks are reversed. The dependent variable is the number of 

errors in the maze task. Errors are defined as turning into dead ends (either a hurdle or a 

border of the maze, illustrated in Figure 1D).  

Ponomarev observed two striking effects. Firstly, after the poly-panel task, 

participants made far fewer errors in the maze. Secondly, the participants started making 

more errors when they were asked to provide verbal comments on their decisions in the maze. 

Ponomarev explained these results within his two-system approach to creativity (Ponomarev, 

1976). According to Ponomarev, having trouble solving a task, people turn into an intuitive 

mode of behavior that allows applying regularities or principles that were unconsciously 

learned in previous experience. This is how the transfer occurs. Verbalization prevents a 

person from switching to the intuitive mode of processing. This is how the verbalization 

effect occurs. 
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The method developed by Ponomarev seems interesting to us in several respects. 

First, it allows investigating the process of interest – cross-task transfer between two 

perceptually and mentally dissimilar tasks. Second, it consists of manipulation with physical 

objects, which increases the ecological validity of the experiments. This may also be a 

possible explanation as to why the transfer was observed in this study – manipulation with 

real physical objects may involve processes that are hardly detectable in digital manipulation. 

Ponomarev’s participants, however, were aware of the connection between the two 

tasks. It is unclear whether this awareness is crucial for the transfer effect to occur. According 

to analogous transfer research, cross-task abstract transfer requires noticing, a conscious 

process. Research on visual search, motor sequence learning, and verbal insight problem-

solving shows the possibility of unconscious transfer but prioritizes low-level similarities 

between the tasks. At the same time, implicit learning shows that learning and transfer of 

abstract regularities can happen unconsciously. Some evidence suggests that when the two 

tasks are perceptually dissimilar, pointing out their connection may harm the transfer (Day 

and Goldstone, 2011). Furthermore, it is unclear if this kind of abstract transfer is possible for 

tasks that require different mental models.  

This study uses Ponomarev’s paradigm to address these questions. It sets out to 

investigate the possibility of transferring an abstract regularity learned while solving one task 

to another, without being aware of the need for such transfer. We had two main aims. The 

first aim was to replicate Ponomarev’s transfer and verbalization effects. The second aim was 

to modify the procedure so that it would allow investigation of the role of awareness in 

implicit knowledge transfer. In Ponomarev’s experiments, participants were informed that the 

optimal way through the maze is related to the positions of the planks in the previous task. In 

separate experiments, Ponomarev showed that participants were very bad at reporting the 

arrangement of the planks afterward if they had been focused on covering all the pins. That is 
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why he referred to the plank arrangement representation as implicit and called it a byproduct 

of the problem-solving activity. Therefore, in this article, we use the term “implicit” to refer 

to representations that are formed incidentally and are not in the focus of attention. 

In this paper, the first experiment was identical to the study described by Ponomarev 

and aimed to replicate the effects described in the original study. The second experiment was 

conducted without informing participants about the relationships between the two tasks to 

investigate the role of awareness in the transfer. 

Experiment 1 

Method 

Participants 

Sixty students from St. Petersburg University and the Russian Academy of National 

Economy and Public Administration volunteered in the experiment (29 females, 18–30 years 

old, M = 22.6, SD = 2.5). They were not paid for participation. All participants gave 

informed consent before participation. The study was approved by the Ethics Committee of 

the Russian Academy of National Economy and Public Administration. 

Materials 

Two tasks were presented to the participants. The first one (poly-panel) consists of a 

platform with 16 cylindrical studs of different diameters, and 6 wooden planks of different 

lengths. Each plank has holes with different diameters equal to those of the studs on the 

platform. The position of the first plank was pre-defined, and the experimenter placed it on 

the panel for the participant. The task was to place all the remaining planks on the panel such 

that all the studs are covered, and every next plank is attached to the end of the previous one. 

There is only one possible solution within these constraints (see Figure 1A). The panel’s size 

was 17.5 × 17.5 cm.  
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In the second task (maze), subjects were supposed to get through a maze with hurdles 

(see Figure 1B). There were three types of hurdles (see Figure 1D). The maze is drawn on 

paper. A piece of cardboard is placed on top of it. The participants can only see a small part 

of the maze at each point in time. The solution to the maze (seen in Figure 1C) is connected 

to the solution of the poly-panel: the movement pattern in the maze repeats the planks’ 

location on the panel. The maze was a bit larger than the panel (18 × 20.5 cm). The cover was 

even larger (36.5 × 36.5 cm). The diameter of the hole in the cover was 3 cm, so a participant 

could see one round “hall” of the maze with the very beginning of the corridors going from 

that hall. Participants could move the cover so that its hole could go to the border of the maze 

but not further. This way all the halls on the opposite side of the maze were still covered.  

 

Figure 1. A: The poly-panel (solved on the right). B: The maze task uncovered and 

covered (in the actual experiment, the cover was larger than the maze, so that the maze was 

fully covered at all times). The circle with the letter “S” is the starting point of the maze, and 

the circle with the letter “F” is the finishing point of the maze. C: The solutions to the maze 

and the poly-panel. D: Three types of hurdles in the maze task, from left to right. The first 
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hurdle (“black box”) cannot be overcome. The second hurdle (“two parallel lines”) can be 

overcome if a participant did not make any turns before entering the corridor with that 

hurdle. The third hurdle (“triangle”) can be overcome if the participants are making a 45° 

turn when entering the corridor with that hurdle.  

Procedure and design 

Participants were randomly assigned to the three groups. In the first group (N = 20), 

participants solved the poly-panel task and then the maze (P+M group). The poly-panel task 

was placed on the cardboard covering the maze, which was in turn attached to the table. 

Thus, the way in the maze mapped to the final position of the planks physically. After the 

solution of the poly-panel task, the panel was removed so that participants could not see it 

anymore. Participants were next introduced to the maze task and its rules. They were shown 

how they can use the cardboard cover and were shown the starting and final positions in the 

maze through the hole in the cover. They were told that the main aim is to reach the final 

point by getting in as few impasses as possible (including the borders of the maze). Just 

before starting the maze task, participants were informed that the optimal way in the maze 

repeats the final position of the planks in the poly-panel task. Approximately three minutes 

passed between the solution of the poly-panel and the beginning of the maze.  

In the second group (N = 20), participants were asked to verbally explain every move 

in the maze (P+M (V) group). Participants were asked to explain why they chose one 

alternative and not another. They were allowed to refer to guessing or intuition if they could 

not refer to a particular hypothesis or strategy. The control group (N = 20) only solved the 

maze (M group).  

According to Ponomarev's initial study, we expected the number of errors in the P+M 

group to be lower than both in the M group (transfer effect) and the P+M(V) group 

(verbalization effect).  
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Results 

Error rates and solution times in the maze are presented in Figure 2 and Table 1. 

 

Figure 2. Maze performance in three groups. Horizontal lines indicate medians, the 

lower and upper hinges correspond to the first and third quartiles; the lower and upper 

whiskers extend from the hinges to the lowest and the highest values within the corresponding 

hinge -/+ 1.5 interquartile range (the value of the third quartile - the value of the first 

quartile). In the maze error plot, we did not plot one raw data point (outlier) for the P+M (V) 

group, but its value is still taken into account for median and hinges calculation.  

Table 1 

Descriptive statistics for the maze performance in three groups 

Group Median number of errors in 
the maze (1st, 3rd quartiles) 

Median maze RT, s  
(1st, 3rd quartiles) 

P+M 7 (1, 24) 197.5 (100, 276.2) 

P+M (V) 18.5 (4, 29.75) 306 (189.8, 601.5) 

M 39.5 (24.25, 70) 307.5 (147.8, 603.5) 
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For the sake of comparison, we were able to extract the following data from the 

original experiments with the poly-panel. Ponomarev’s participants made 8-10 errors in the 

‘P+M’ condition, 70-80 errors in the ‘M’ condition, and there was just qualitative description 

for the ‘P+M (V)’ condition: “verbalization requirement lead to a dramatic increase in the 

number of errors” (Ponomarev, 1960, p. 214). 

The main comparisons of interest were P+M vs. M (transfer effect) and P+M vs. P+M 

(V) (verbalization effect). Thus, we applied a generalized linear regression with the P+M 

group as the baseline, which allowed us to estimate the significance of the contrasts 

mentioned above. 

To compare the number of errors in different conditions, we fitted a robust Poisson 

regression (Maechler et al., 2021) to our data, which was count data and had a right-skewed 

distribution accordingly. The results are presented in Table 2. The results indicate that both 

the P+M (V) and the M group made significantly more mistakes while solving the maze than 

the P+M group.  

Table 2 

Coefficients for maze mistakes by Group Poisson regression 

Group Coefficient Std. Error z-value p-value Model 
predictions 

Intercept 
(P+M) 

2.030 0.083 24.37 < 0.001 7.61 

P+M (V) 0.940 0.098 9.58 < 0.001 19.5 

M 1.684 0.091 18.58 < 0.001 41.03 

Note: The model predictions were computed in the following way. The exponentiated 

coefficient for Intercept reflects the rate of mistakes in the P+M group: exp(2.030) = 7.61. To 

obtain the estimated rate of mistakes for the P+M (V) and M groups, one needs to add 
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corresponding coefficients to the Intercept. For the P+M (V) it is exp(2.030 + 0.940) = 19.5 

For the M group it is exp(2.030 + 1.684) = 41.03.  

 

Linear regression on log-transformed maze solution times revealed significant 

differences between the P+M group and both the P+M (V) (t = 2.53, p = 0.014) and M (t = 

2.18, p = 0.033) groups. A Mann-Whitney test replicated both significant results on the raw 

data.  

Discussion 

The obtained results fit well with the results of Ponomarev’s original experiment, as 

well as the studies of analogous transfer (Gick & Holyoak, 1980). When given a hint, the 

participants are able to show a transfer of the solution from one task to another, even if the 

similarity between the two tasks is not perceptual, but rather abstract. Additionally, the 

inclusion of verbalization appears to interfere with the transfer. However, in our experiment, 

participants knew about the relevance of the first task for the maze solution. The second 

experiment was aimed at testing the implicit transfer without this information. 

Experiment 2 

Method 

Participants  

Eighty-two students from St. Petersburg University and the Russian Academy of 

National Economy and Public Administration volunteered in the experiment (63 females, 17–

33 years old, M = 19.7, SD = 3.3). They were not paid for participation. All participants gave 

informed consent before participation. The study was approved by the Ethics Committee of 

the Russian Academy of National Economy and Public Administration. 

Materials  

Materials were the same as in Experiment 1.  
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Design and procedure 

In contrast to Experiment 1, participants were not informed that the maze is related to 

the poly-panel task in any way. Additionally, to test the specificity of the verbalization effect, 

we added a control group, which solved the maze with verbalization only (M (V) group). We 

also video-recorded the maze solutions by the participants to analyze their moves more in-

depth. Participants were aware of the fact that their hand movements were recorded.  

At the end of the experiment, we asked the participants in the M and M(V) groups to 

solve the poly-panel and, after a 3-minute delay, we asked them to draw the placement of the 

poly-panel’s planks from memory. 

Results 

Error rates and solution times in the maze are presented in Figure 3 and Table 3. 

 

Figure 3. Maze performance in four groups. Horizontal lines indicate medians, the lower and 

upper hinges correspond to the first and third quartiles; the lower and upper whiskers extend 

from the hinges to the lowest and the highest values within the corresponding hinge -/+ 1.5 

interquartile range (the value of the third quartile - the value of the first quartile).  
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Table 3 

Descriptive statistics for the maze performance in four groups 

Group Median number of errors in 
the maze (1st, 3rd quartiles) 

Median maze RT, s  
(1st, 3rd quartiles) 

P+M 64 (34, 98) 362 (213, 508) 

P+M (V) 42 (29, 77) 430 (296, 551) 

M 48 (28, 93) 294 (179, 540) 

M (V) 50 (36, 84.5) 592 (430.5, 917.5) 

 

We applied the same contrasts scheme to Experiment 2 as in the first experiment, 

except for the additional group. The results of the robust Poisson regression for the number of 

errors in four groups are presented in Table 4. In Experiment 2, the P+M group was the 

worst, having significantly more errors in the maze than any other group. 

 

Table 4 

Coefficients for maze mistakes by Group Poisson regression 

Group Coefficient Std. Error z-value p-value Model 
predictions 

Intercept 
(P+M) 

4.157 0.028 148.34 < 0.001 63.88 

P+M (V) -0.368 0.044 -8.40 < 0.001 44.21 

M -0.296 0.043 -6.91 < 0.001 47.51 

M (V) -0.202 0.043 -4.70 < 0.001 52.20 

Note: The model predictions were computed by exponentiating the coefficients. The 

exponentiated coefficient for Intercept reflects the rate of mistakes in the P+M group: 

exp(4.157) = 63.88. To obtain the estimated rate of mistakes for other groups, one needs to 
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sum the coefficient for Intercept and the coefficient for the corresponding group and then 

exponentiate this sum. 

 

In the second experiment, the study design can be represented as a two-way factorial 

experiment: TRANSFER (with / without poly-panel training) !"#$%&'()*'+),-"./012"3"

/012451"6789:;0<:104=>?")="178@A"4B"C845D"101;7AE"12:1"/45;F"97"+%'-GH$%".IJK":=F"

IJK.#>"6A?"K":=F"K.#>>"! VERBALIZATION (P+M and M vs. P+M(V) and M(V)). In 

addition to the results presented in Table 4, the Transfer ! Verbalization model demonstrated 

a significant effect of TRANSFER ! VERBALIZATION interaction, B = 0.463, Std. Error = 

0.064, z-value = 7.28, p < 0.001, suggesting that while in the transfer condition, verbalization 

helped participants, in the no-transfer condition, it decreased performance.  

A two-way Transfer ! Verbalization ANOVA for log-transformed maze solution 

times revealed a significant main effect of verbalization, F(1, 78) = 8.18, p = 0.005, 

indicating slower solution times in participants with concurrent verbalization. 

Video recording allowed us to look at the possible transfer manifestation in greater 

detail. However, we did not find any significant results related to our hypotheses. The 

detailed analysis of the moves can be found on the project page on the OSF: 

https://osf.io/c42tb. 

Combined analysis of two experiments 

To directly assess the effect of awareness on transfer, we ran a between-experiment 

analysis with the number of errors as the dependent variable and experiment (1 vs. 2) and 

transfer (with vs. without poly-panel training) as independent variables. The model showed 



AWARENESS AND ANALOGICAL TRANSFER 
 

18 

 

significant EXPERIMENT ! TRANSFER interaction: while in Experiment 1, solving the 

poly-panel decreased the number of errors in the maze, in Experiment 2, solving the poly-

panel increased it, B = -1.98, Std. Error = 0.10, z-value = -19.74, p < 0.001.  

Discussion 

According to the results obtained in Experiment 2, not pointing subjects towards 

transfer prevents them from transferring the solution from the poly-panel to the maze. 

Moreover, we found that participants solving the maze task after the poly-panel training made 

more errors than participants in all the other groups.  

At the same time, an unexpected verbalization effect was found in Experiment 2. 

Verbalization increased the accuracy after the poly-panel task. In contrast, verbalization 

hampered the accuracy of the participants who did not perform the poly-panel task 

beforehand. These results indirectly suggest that the participants’ previous experience with a 

poly-panel had some impact on their test performance in the maze.  

However, we did not find a corresponding effect in solution times, where we only 

observed a slowing due to verbalization. Figure 3 suggests a speed-accuracy tradeoff (SAT) 

in Experiment 2, while it does not seem to be present in Experiment 1 (Figure 2). However, 

on the participants' level, we observed a reversed SAT: slower participants also made more 

errors (Spearman’s rho for the correlation between solution time and the number of errors 

was 0.63 in Experiment 1 and 0.70 in Experiment 2). Nevertheless, we re-ran our analyses 

with the performance measure combining speed and accuracy (see details on the OSF: 

https://osf.io/ejz6g). The results are consistent with the accuracy data in Experiment 1 and the 

combined analysis of the two experiments. However, the reversed verbalization effect in 

Experiment 2 was not significant in the combined performance measure. This makes our 

interpretation a bit less plausible. Nevertheless, we believe that our initial interpretation is 
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worth considering since accuracy is a much less confounded measure than solution times in 

our studies. 

General discussion 

The mechanism of cross-task transfer has long been of interest because it serves as a 

basis for many higher-order cognitive processes and has been proposed as the foundation of 

creative thinking. However, different areas of research point towards different characteristics 

of that mechanism. Research from graphic insight problems, such as the 9-dot problem, 

proposes that pre-training helps to solve the 9-dot problem if that training is functionally 

related to the problem’s solution, and not just employs the same movements. The analogous 

transfer theories, as evident from their name, support an abstract transfer mechanism. 

Furthermore, in the analogous transfer theories, it is surmised that cross-task transfer is 

necessarily conscious, while implicit learning research suggests the possibility of 

unconscious transfer.  

In the current study, we used a paradigm proposed by Ponomarev (1960, 1976), in 

which two tasks are very dissimilar in all dimensions from perceptual features to mental 

models. Nevertheless, their solutions can be transferred between the two tasks. Participants 

were informed about the connection between the two tasks in the first experiment but not in 

the second. This allowed us to compare conscious transfer driven by the instruction with a 

potentially implicit transfer. 

The results obtained in our experiments show that, when the participants were 

informed of the relationship between two tasks (Experiment 1), they transferred the solution 

of the poly-panel to the maze task. This was demonstrated by the reduced number of errors in 

comparison to the non-transfer condition – the solution of the maze task without a preceding 

poly-panel solution. We also found that concurrent verbalization during the maze task 

interfered with this transfer effect. However, when participants were not informed of the 
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connection between the two tasks (Experiment 2), the pattern was reversed: the participants 

who solved the maze task after the poly-panel made more errors than the participants who 

solved only the maze task. Verbalization, in turn, eliminated this effect, reducing the number 

of errors to the level of the non-transfer condition.  

Mental models as mid-level representations 

 The described results provide what at first glance seems to be a curious discrepancy: 

Experiment 1 seems to support the notion that cross-task transfer is possible even between 

dissimilar tasks, and verbalization suppresses transfer; Experiment 2 showed the opposite 

effects. Crucially, in Experiment 2, participants were not informed that the two tasks were 

connected. We argue that, for a solution to be transferred between Ponomarev’s tasks, the 

mental model of one task has to be recoded to fit in the motor and perceptual features of 

another task.  

To explore the recoding process, one needs to first examine the representation formed 

during problem solving. When interacting with complex real-world systems, people tend to 

use mental models, or simplified structured representations of these systems (Gentner & 

Stevens, 1983). People develop mental models by interacting with a system (Norman, 1983). 

Imagine a child using a calculator for the first time to calculate something: initially, they 

might not have any idea how to use it, but through trial and error they come to understand 

how a calculator works – that is, they construct a mental model of the calculator – enough to 

achieve their goal. The constructed mental model is incomplete and subjective: most likely, it 

does not align perfectly with how the calculator actually works. 

Studies of mechanical reasoning show that the mental models people use to represent 

mechanical systems are not strictly verbal and, instead, have a prominent spatial component 

(Hegarty, 2004). For example, people tend to use gestures when explaining how a certain 

real-world system works, and when participants have to perform a mechanical reasoning task 
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alongside a working memory task, the amount of interference is larger when the working 

memory task is visuospatial than when it is verbal (Sims & Hegarty, 1997). 

 Recent research from various fields suggests the existence of representational formats 

that are not purely perceptual or motor, but not purely abstract either: for example, studies of 

sequence learning suggest the existence of effector-independent motor representations that 

encode motor sequences without connecting them to specific muscles (Bapi et al., 2000; 

Wiestler et al., 2014; Verwey et al., 2015; see also Hommel et al., 2001). Recent studies of 

visual working memory show that even representations of low-level visual features, such as 

orientations of grating stimuli, are recoded into a more abstract format (Kwak & Curtis, 

2022).  

 The characteristics of these mid-level representations align quite well with the 

descriptions of mental models (Hegarty, 2004; Norman, 1983): they contain some perceptual 

and spatial information (a child using a calculator surely remembers some details of the 

calculator’s appearance and the arrangement of its buttons), as well as more abstract 

information. 

In this framework, it is possible that the information transferred between two tasks in 

Ponomarev’s paradigm is not entirely abstract and explicit, but not fully perceptual or motor 

either, and the representation formed during the poly-panel task is, in fact, a mid-level 

representation of the problem solution. We can speculate that to be used across motorically 

and perceptually dissimilar tasks, such as the poly-panel task and the maze task, that 

information requires some kind of recoding. Therefore, the analogy of two tasks should be 

consciously represented – what analogous transfer theories describe as ‘noticing’ (Gentner, 

1989; Novick, 1988; Ross, 1987). If it is not consciously represented – when no hint is given 

and when a participant does not notice it themselves – motor and perceptual components of 

the mental model formed during the previous task will be activated implicitly and will 
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interfere with the task at hand. In our Experiment 1, this recoding might have happened 

because the participants knew that it was needed. This led to a successful transfer. In our 

Experiment 2, the participants did not recode the mental model of the poly-panel’s solution. 

As a result, the transfer harmed their performance in the maze, because the information being 

transferred did not match the task’s motor and perceptual characteristics.  

In terms of Keele and colleagues’ (2003) dual-system theory, the panel task 

representation had some elements encapsulated in the unidimensional, effector-dependent, 

dorsal stream modules. For the transfer of the poly-panel representation to a dissimilar task, a 

multidimensional system should be involved, which requires attention to initially irrelevant 

dimensions. Keele and colleagues (2003) proposed that attention is needed at the stage of 

learning, whereas we can hypothesize that retrospective attention processes are also 

beneficial for building multidimensional representations required for transfer. On the more 

global theoretical level, we can relate our results to the global workspace theory, suggesting 

that consciousness is needed for the global availability of representations formed in separate 

cognitive modules (Baars, 1993; Dehaene & Naccache, 2001). 

The role of verbalization 

Ponomarev was one of the first to show the interference between verbalization and 

implicit processing. It has been shown with other paradigms many times since, e.g. in the 

form of verbal overshadowing (Fallshore & Schooler, 1993), concurrent verbalization 

(Dickson et al., 2000; see review in Moroshkina et al., 2019), or concurrent metacognitive 

reports (Ivanchei et al., 2019; Ivanchei & Moroshkina, 2018). There are several accounts of 

this effect. Some of them assume switching from visual processing to verbal (Chin & 

Schooler, 2008) or from holistic to analytical processing (Moroshkina et al., 2019; Ivanchei et 

al., 2019), or shifting criteria in decision-making (Chin & Schooler, 2008).  
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Why do we think that the representation of the poly-panel task was at least partially 

implicit? Participants had difficulties in reporting the exact planks position after solving the 

poly-panel task. We asked 28 participants from the M and M(V) groups in the second 

experiment to draw the planks locations 3 minutes after they completed the poly-panel task 

(they did it after the maze for this specific reason). Almost everyone was able to draw the 

correct locations of the first two planks (27 out of 28 participants), but only four participants 

could correctly draw all six planks. This is understandable because their attention was 

focused on covering the studs and not on the figure formed by the planks. Therefore, it was 

called a “by-product” by Ponomarev. And as we clarified in the introduction – by implicit 

representations, we mean representations that are formed incidentally and were not the focus 

of attention. 

The obtained results are in line with the verbalization effect on implicit processes 

referenced above. When the recoding of a mid-level solution representation has happened and 

an implicit representation effective for the maze task is formed (i.e. transfer condition in 

Experiment 1), verbalization is detrimental to performance. That could happen because 

participants switch from holistic to analytical processing when asked to verbalize their 

decisions (Ivanchei et al., 2019; Ivanchei & Moroshkina, 2018; Moroshkina et al., 2019). 

When the solution representation was not recoded (i.e. transfer condition in Experiment 2), its 

implicit nature was harmful to the performance in the new task. However, now verbalization 

was helpful for the performance – it interfered with a (not useful) implicit representation and 

made performance better. Note, though, that the general effect of verbalization (in the no-

transfer condition) was detrimental in our experiment, which made a transfer"!"verbalization 

interaction significant in Experiment 2. This most probably happened because verbalization 

generally increases task demands, which, for example, increases the solution times – the 
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participants need time to formulate and report verbal explanations of their decisions. This is 

why we mostly focused on accuracy instead of solution times. 

One possible alternative explanation for the verbalization effect in Experiment 1 is 

that verbalization could interfere with recall – as in articulatory suppression or irrelevant 

speech studies (e.g. Murray et al., 1988; Neath, 2000). However, in our study, verbalization 

was directly related to the memorized material, therefore verbalization could only support 

recall, as e.g. is assumed in the verbal overshadowing research (e.g. Chin & Schooler, 2008). 

Conditions for transfer  

 According to our explanation above, a surface similarity between the two tasks is not 

necessary for transfer. However, it makes the transfer easier in several ways. Firstly, the 

possibility of transfer is consciously noticed with a higher probability when two tasks are 

similar, thus making the recoding possible. Secondly, less recoding is needed if the surface 

similarity is high. The awareness of the transfer possibility/need is not necessary for transfer 

to happen (as evident from the implicit learning literature). However, it ensures that the 

recoding of information will happen, and the correct representation of the solution will be 

transferred. 

 The results acquired in our experiments are, in fact, consistent with the model of 

transfer proposed by Ponomarev (1960, 1976). According to Ponomarev, creative acts 

include intuitive usage of what he called ‘by-products’ of previous activities, whereas 

verbalization of actions suppresses the intuitive mode of thinking (see Moroshkina et al. 

(2019) for the discussion of this idea in the context of more recent findings). The results 

acquired in the current study show that the ‘by-products’ acquired in one activity can be more 

or less similar to the processes required for another activity – and, thus, more or less useful 

for it. If the consistency between two tasks is low, recoding will be needed for the transfer of 

the solution from one task to another. This is the novel idea that we can formulate based on 
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the presented results and recent theories of motor action. The probability of recoding depends 

on the subject’s awareness of the possibility of such transfer and the perceptual or motor 

similarity between the tasks – what the analogous transfer theories call surface similarity 

(Gentner, 1989; Novick, 1988; Ross, 1987). This idea must be directly tested in future 

experiments. 

Awareness of the possibility of the transfer can be also viewed as a crucial condition 

for turning instrumental movement training into functional. Spiridonov et al. (2019) showed 

that only functional motor training was beneficial for insight problem solving, while 

instrumental training (e.g. serial reaction time task employing the exact movements needed 

for the solution of the subsequent problem) was not. The design of Experiment 3 in 

Spiridonov et al. (2019) was close to the present Experiment 2. Interestingly, consistent with 

our results, they also found a decrease in the solution rates when participants had relevant 

(instrumental) training but were not aware of its relevance. That result can be also explained 

by the harmful impact of relevant, but not recoded, representations. 

Day and Goldstone (2011) studied cross-task transfer between two perceptually 

dissimilar tasks with equivalent underlying mental models. In the experiments of Day and 

Goldstone (2011), a direct analogy could be made between each pair of elements: the moving 

ball in one task corresponded to the changing population of a city in the other task, and the 

elastic bands that influenced the location of the ball corresponded to the forces that influence 

the population of the city, and so on. The relationships between all the elements are also 

preserved in both tasks and are governed by the same formula. The same cannot be said about 

the present study. If we consider both the poly-panel task and the maze task as route-finding 

tasks, then the pins and holes on the poly-panel that restrict the placement of the planks are 

analogous to the hurdles that restrict movement through the maze. However, the actual 

restrictions created by the pins in the poly-panel are not analogous to the restrictions created 
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by the hurdles in the maze. For example, the participants can go two halls up from the start in 

the maze, and then take a 90-degree right turn – such a route is legal in the maze, but not on 

the panel. Similarly, the two long planks in the poly-panel can be used one after the other, 

which creates routes that are legal on the panel, but not in the maze (since the participants 

could not cross the borders of the maze). Additionally, the goals of the two tasks are 

analogous in Day and Goldstone (2011): stabilize, maximize, or minimize either the location 

of the ball or the population of the city. In our tasks, the goals of the two tasks are completely 

different on the surface: in the poly-panel, the participants simply have to cover all the pins 

according to the task’s restrictions, while in the maze, the goal is to get from the start to the 

finish. 

In the experiments of Day and Goldstone (2011), transfer happened even when the 

participants were not informed about the connection between the two tasks. Letting the 

participants know that the tasks are connected did not affect the transfer. However, when the 

participants were asked to explicitly match the analogous elements of the two tasks, the effect 

of the transfer disappeared. These results are in line with our explanation of the transfer 

process. We argue that, in the experiments of Day and Goldstone (2011), recoding was not 

necessary for the transfer to happen. Furthermore, asking the participants to explicitly match 

the corresponding elements of the two tasks could play the same role as verbalization in our 

experiments. Taken together, our results and the results of Day and Goldstone (2011) suggest 

that transfer between two tasks can happen even when participants do not know that such 

transfer is possible. Whether this transfer will improve performance depends on the similarity 

of the mental models underlying the two tasks. Explication, including verbalization, kills 

transfer. 

 Our results are also consistent with the idea that global metacognitive (but not 

detailed) awareness of the nature of implicit knowledge you possess, is necessary for the 
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strategic control over this knowledge (Norman, Price, Duff, & Mentzoni, 2007; Desender, 

Van Opstal, & Van den Bussche, 2014; Ivanchei, 2014; Norman, Scott, Price, & Dienes, 

2016). Norman & Price attribute this effect to the fringe feelings accompanying implicit 

knowledge relevant to the task at hand (Price & Norman, 2008). In our study, we did not 

measure fringe feelings per se. However, we observed that, when people explicitly know that 

they have a relevant representation, they can strategically use this knowledge. It seems to 

suggest that even propositional metacognitive knowledge can be used for the adaptive control 

of implicit representations.  

Limitations and future directions 

Our study was just a first step in showing how we can combine very dissimilar tasks 

to study transfer. More research in this vein is needed. Our experiments employed unusual 

paradigms that are difficult to reproduce. Therefore one of the developments of the current 

research could be a conceptual replication of our experiments with more easily accessible 

paradigms. The first option could be to program computer tasks close to the poly-panel and 

the maze that we used. Another possibility could be a combination of the widely used serial 

reaction time task and the 9-dot problem – instead of the poly-panel and the maze 

respectively (see an example of such combination in Spiridonov et al., 2019, Experiment 3). 

Note, however, that in this case the physical aspect of that task will be lost, therefore, the 

nature of task representations will be different.  

Our conclusions regarding the verbalization effect allow for other interpretations. 

New experiments could resolve this uncertainty. For example, our study did not directly 

measure awareness of the task representations, e.g. plank positions in the poly-panel task. A 

logical step would be to do that using methods from implicit learning/memory research to 

fully address the question of task representation awareness in cross-task transfer.  
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Our study is based on the assumption of different mental models that participants 

create for two tasks. That is the crucial difference between our experiments and Day & 

Goldstone’s experiments. To further test our interpretation one could manipulate the 

similarity between mental models required by the two tasks. Going from a situation where all 

the elements of two tasks are analogous and do not require recoding to our situation, where 

there was no direct correspondence between the elements of the two tasks, one could 

systematically study how higher-order task similarity (i.e. similarity of their mental models) 

affects transfer with respect to the awareness of the connection between two tasks.  

Conclusions 

Different fields of research propose different explanations regarding the nature of 

cross-task transfer, its relationship to awareness, and abstract/specific task representations. 

We used a paradigm that consists of two tasks with different perceptual characteristics and 

mental models needed for their solutions to test the possibility of implicit abstract transfer, as 

well as examine the roles of awareness and verbalization in such transfer. We discovered that, 

consistent with Ponomarev’s experiments (1976), when informed about the connection 

between two tasks, participants can carry over the solution of one problem to another, with 

verbalization suppressing this effect. However, when the participants were not told about the 

connection between the tasks, they demonstrated a reversed effect of verbalization.  

We propose that the information needed for the cross-task transfer in Ponomarev’s 

paradigm is a mid-level representation of the solution, which needs to be recoded to be used 

in a dissimilar problem. Whether the representation will be recoded depends on the low-level 

similarity of the two tasks, as well as the subject’s awareness of the tasks’ 

interconnectedness. The role of global metacognitive awareness for the use of implicit 

representations is consistent with the recent views on metacognitive feelings in implicit 

learning research.  
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