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Abstract  1 

While most 3-year-olds fail both in the false belief task of theory of mind and 2 

Dimensional Change Card Sorting task of cognitive control, most 4-year-olds are able 3 

to pass these tasks. Different theories have been constructed to explain this co-4 

development. To investigate the direction of the developmental relationship between 5 

false belief reasoning and cognitive control, Kloo and Perner (2003) trained 3-year-6 

olds on the false belief task in one condition and on the Dimensional Change Card 7 

Sorting task in another condition. They found that there is a mutual transfer between 8 

the two tasks, meaning that training children with the Dimensional Change Card 9 

Sorting task with feedback significantly improved children’s performance on the false 10 

belief task and vice versa. In this study, we aim to provide an explanation for the 11 

underlying mechanisms of this mutual transfer by constructing computational 12 

cognitive models. In contrast to the previous theories, our models show that the 13 

common element in the two tasks is two competing strategies, only one of which 14 

leads to a correct answer. Providing children with explicit feedback trains them to use 15 

a strategy of control instead of using a simpler reactive strategy. Therefore, we 16 

propose that children start to pass the false belief and cognitive control tasks once 17 

they learn to be flexible in their behavior depending on the current goal. 18 

 19 

Keywords: false belief reasoning; cognitive control; transfer of skills; computational 20 

cognitive modeling; cognitive development; PRIMs21 
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Introduction  22 

There are many hilarious videos on the Internet showing 2- and 3-year-olds’ failure 23 

on the hide and seek game and on the marshmallow test. On the other hand, most 4-24 

year-olds are able to hide themselves at a place where the seeker cannot find them 25 

immediately in the hide and seek game. In the marshmallow test, most 4-year-olds are 26 

able to wait for the experimenter to come back to the room in order to get more 27 

marshmallows instead of eating one marshmallow right away. The key element of 28 

success in the hide and seek game is to be able to take the perspective of the seeker 29 

and the key element is in the marshmallow test is to have self-control. 30 

 31 

In line with these videos, a number of correlational studies have shown that 32 

there is a relation between children’s development of theory of mind and cognitive 33 

control (Perner & Lang, 1999; Müller, Zelzao, Imrisek, 2005; Henning, Spinath, & 34 

Aschersleben, 2011).  Theory of mind can be defined as a general term for 35 

perspective taking by reasoning about others’ representational mental states such as 36 

beliefs, desires and knowledge (Premack & Woodruff, 1978). Cognitive control, 37 

which is an important component of executive functions, can be defined as the ability 38 

to flexibly select actions in the furtherance of chosen goals, instead of inflexibly 39 

reacting to the environment while ignoring the current goal. Therefore, cognitive 40 

control requires selecting appropriate information related to the current goal for 41 

processing and inhibiting inappropriate information and responses. For example, to 42 

succeed in the marshmallow test, children have to inhibit the urge to eat the 43 

marshmallows right away and have to consider the current goal, which is waiting for 44 

the experimenter in order to receive a larger award. Similarly, if an agent’s initial goal 45 

is to find another agent who has blue eyes and if the current goal is finding an agent 46 

who has brown shoes, then the agent should ignore the eye color of other agents and 47 

attend to the agents’ shoe color. 48 

  49 
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 There are three main theories about the relation between theory of mind and 50 

cognitive control1. The Cognitive Complexity and Control-revised theory (CCC-r; 51 

Zelazo, Müller, Frye, & Marcovitch, 2003) suggests that the common component 52 

between theory of mind and cognitive control is representational and also related to 53 

the activation and inhibition of rules. According to this theory, theory of mind and 54 

cognitive control tasks develop together because they both require a child to reason by 55 

using embedded if-if rules and both need inhibition of rules. The second theory 56 

suggests that being able to take the perspective of others improves children’s 57 

cognitive control abilities, meaning that there is transfer of skills from theory of mind 58 

to cognitive control (Perner, 1998). On the contrary, the third theory suggests that the 59 

direction of transfer is from cognitive control to theory of mind (Russell, 1996 as 60 

cited in Kloo & Perner, 2003).  61 

 62 

Although correlational studies have shown that children’s theory of mind and 63 

cognitive control abilities co-develop, as reflected in the second and third theories, 64 

there is no consensus on the direction of this relationship. In order to investigate the 65 

direction of the relationship, Kloo and Perner (2003) conducted a training study with 66 

children by using a theory of mind task and a cognitive control task. We provide the 67 

details of these tasks in the following subsection. Kloo and Perner’s results showed 68 

that there is a mutual transfer between cognitive control and theory of mind, meaning 69 

that training children with a cognitive control task with feedback significantly 70 

improved children’s performance on a theory of mind task and vice versa.  71 

 72 

Based on these findings, Kloo and Perner propose that the common 73 

component between the two tasks is representational. Differently from CCC-r theory, 74 

they argue that the problem 3-year-olds encounter is related to failure in redescribing 75 

an object or situation and that training children with explicit feedback helps them to 76 

understand that an object or certain situation can be described differently from 77 

different perspectives. However, Kloo and Perner stated that the exact nature of 78 

transfer effect remains to be determined.  79 

 80 

                                                
1 see Carlson, Moses, & Hix, 1998; Leslie & Polizzi, 1998; Carlson, Moses, & 
Breton, 2002 for other theories that are related to the role of other components of 
executive functions, such as inhibition and working memory. 
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The main goal of the current study is to provide an explanation for the nature 81 

of the mutual transfer between cognitive control and theory of mind by constructing 82 

computational cognitive models.  83 

 84 

How does training children help transfer of skills? According to the primitive 85 

information processing elements theory (PRIMs; Taatgen, 2013), there are two 86 

explanations for the transfer of skills that can be modeled with the same mechanism. 87 

According to Explanation 1, skills can transfer from one task to another when those 88 

tasks have a substantial overlap in their procedural knowledge. For example, multi-89 

column multiplication shares knowledge with multi-column addition, and many other 90 

pen-and-paper arithmetic algorithms. Acquiring this knowledge is a relatively slow 91 

process. On the other hand, Explanation 2 assumes that the knowledge for both tasks 92 

is already present in memory: it just has to be mobilized at the right moment. Suppose 93 

a particular task has two possible strategies, A and B, and suppose B is superior to A, 94 

but A is simpler. If parts of strategy B, in particular the parts that are necessary to 95 

select B, are trained in another task, it becomes more likely that strategy B will be 96 

chosen over strategy A.  Our models are based on Explanation 2, because the training 97 

time in the experiment is relatively short.  98 

 99 

In the following subsection, we first present the details of the theory of mind 100 

and cognitive control tasks that were used in Kloo and Perner’s training study 101 

together with a summary of the design of the study, in order to provide a sufficient 102 

background to understand our computational cognitive models and to interpret the 103 

simulation results.  104 

 105 

Kloo and Perner’s training study 106 

Kloo and Perner’s training study (Experiment 2) tested a sample of 44 children 107 

between the ages three and four (M = 45.1 months, SD = 4.9 months) at four different 108 

sessions almost one week apart from each other: i) pre-test, ii) training day 1, iii) 109 

training day 2, and iv) post-test. 110 

 111 
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 At the pre-test and post-test sessions, children were tested with a standard 112 

theory of mind task and a cognitive control task together with a verbal intelligence 113 

task.  114 

 115 

As a theory of mind task, Kloo and Perner used a standard false belief task 116 

(FB; Wimmer & Perner, 1983), which is one of the most commonly used tasks to 117 

assess young children’s development of theory of mind. During the FB task, children 118 

listened to a story accompanied by illustrations showing that a protagonist placed an 119 

object into a location, after which that object was moved to another location while the 120 

protagonist was not present. Children had to predict where the protagonist would look 121 

for the object based on the protagonist’s false belief, instead of reporting their own 122 

true belief about the location of the object. After that, children were shown another 123 

picture of the protagonist searching for the object based on her false belief (empty 124 

location) and were asked to explain the behavior of the protagonist. The same type of 125 

story with a different object and protagonists was used at the post-test session. On 126 

each false belief task, children’s scores were between 0 and 2 based on their answers 127 

for the prediction and explanation questions, not their explanations. Children did not 128 

get any feedback at the pre-test and post-test sessions. Note that Kloo and Perner also 129 

reported children’s performance on the predictions separately. For the purpose of our 130 

study, we only modeled children’s predictions.  131 

 132 

 As a cognitive control task, they used the Dimensional Change Card Sorting 133 

task (DCCS; Frye, Zelazo, & Palfai, 1995). In the standard version of the DCCS task, 134 

children are presented with two target cards, one on the left and the other one on the 135 

right. After that, an experimenter introduces a set of test cards. The test cards have 136 

two dimensions, one of which matches with one target card and the other matches 137 

with the other target card (see Figure 1). At the beginning of the experiment (pre-138 

switch phase), children are introduced to the rule of the “Animal” game. In the 139 

“Animal” game, children are expected to sort the test cards by pointing to the target 140 

that matches to the test card with the animal type. For example, if the test card “small 141 

horse” is shown, the children are expected to point to the target card “big horse”, 142 

which is on the left.  After playing six trials of the “Animal” game, the experimenter 143 

introduces the new “How-Big” game (post-switch phase). At the post-switch phase, 144 

children have to sort the test cards based on the other dimension, namely size, also for 145 
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again six trials by pointing to the target card that matches to the test card with size. 146 

For example, if the test card “small horse” is shown, children are expected to point to 147 

the “small fish” target card, which is on the right. Even though most children around 148 

the age of three do not have major problems in sorting the cards correctly at the pre-149 

switch phase, after the rule changes, they keep sorting the cards by the pre-switch rule 150 

instead of the new post-switch rule. On the other hand, similar to 4-year-olds’ 151 

development of false belief reasoning, most children around the age four are able to 152 

sort the cards correctly at the post-switch phase as well (Doebel & Zelazo, 2015). 153 

 154 

 155 
Figure 1 (Should be printed in color). An example of the DCCS task. In this example, 156 
if the game is an “Animal” game, children are expected to sort the test card “small 157 
horse” by pointing to the target card “big horse”, which is on the left and to sort the 158 
test card “big fish” by pointing to the target card “small fish”, which on the right. If 159 
the game is a “How-Big” game, children are expected to sort the test card “small 160 
horse” by pointing to the target card “small fish”, which is on the right and to sort the 161 
test card “big fish” by pointing to the target card “big horse”, which is on the left.  162 
 163 

Different from the pre-test, children were tested with a three-boxes version of 164 

the standard DCCS task at the post-test session, which had three target cards instead 165 

of two. The reason for using three target cards at the post-test session was to control 166 

for children’s usage of a reversal shift strategy, which is pointing out the opposite 167 

target card. Children were expected to sort six cards at the post-switch phase, both in 168 

the standard DCCS and three-boxes version of the DCCS tasks. The experimenter 169 

sorted the first card as an example; therefore, children’s score was between 0 and 5. 170 

  171 

 At the training sessions, children were assigned to one of the following three 172 

training groups: i) DCCS (N = 14), ii) FB (N = 15), iii) control (N = 15). Children in 173 

the DCCS group were trained with a DCCS task with three dimension switches (i.e., 174 
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color, number, color, number). Subsequently, children were introduced with a new set 175 

of test cards while the target cards were the same and they were expected to sort the 176 

new test cards again first by color, then by number. Finally, a new set of test cards 177 

was introduced with new target cards and children were again expected to sort the 178 

cards first by color and then by number. Therefore, DCCS training consisted of ten 179 

switches in total for both training days. The experimenter provided positive and 180 

negative feedback by emphasizing which game they were playing and how they 181 

should sort the cards at each ten switches.  182 

 183 

The crucial parts of the feedback for our model of DCCS at the training 184 

session are the parts in which children were reminded that they were not playing the 185 

pre-switch phase game anymore and were asked questions about which game they 186 

were playing at the post-switch phase (e.g., “… However, we are not playing the 187 

“Animal” game, the game with “horse” and “fish” (point), anymore. Now, we are 188 

playing the “How-Big” game. This is the game with “small” and “big” (point). What 189 

game are we playing now? Right/No. We are playing the “How-Big” game now. This 190 

is the game with “small” and “big” (point)…” We explain how this feedback helps 191 

children and how training on the DCCS task with this feedback transfers to improve 192 

children’s performance on the false belief task in the following section, “Modeling the 193 

Mutual Transfer between DCCS and False Belief Task (FB)”. 194 

 195 

In the FB training group, children were trained with two false statements (Hale 196 

& Tager-Flusberg, 2003) and one FB task (Wimmer & Perner, 1983) at each training 197 

session. After each trial, the experimenter provided positive and negative feedback 198 

about their answers. Therefore, children got feedback six times in total at both 199 

training days. Similar to the DCCS training group, the feedback emphasized that the 200 

question was about the protagonist’s perspective, which was different from the 201 

children’s own perspective (e.g., “…Where is the shell now? Who put it there? Was 202 

Ernie able to see this?... Right/No. Ernie did not see that. So, does Ernie really know 203 

that the shell is in the red house? Right/No. Ernie does not know that the shell is in the 204 

red house now. Where does Ernie think the shell is? Right/No. Ernie still thinks that 205 

the shell is in the yellow tower…”). 206 

 207 
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 In the control group, children were trained either with four relative clauses 208 

(Perner, 1999) or with three trials of a classic number conservation task (Piaget, 209 

1965). Again, children got positive or negative feedback after each trial. 210 

 211 

The results showed that there was a transfer effect from the DCCS task to the 212 

FB task, meaning that training children with the DCCS task by providing feedback 213 

significantly improved children’s performance on the FB task at the post-test session. 214 

Similarly, there was a transfer effect from the FB task to the DCCS task, meaning that 215 

training children with the FB task by providing feedback significantly improved 216 

children’s performance on the DCCS task at the post-test session. Moreover, there 217 

was a training effect of the DCCS task, meaning that training children on the DCCS 218 

task by providing feedback significantly improved children’s performance on the 219 

DCCS task at the post-test session. Importantly, these improvements were 220 

significantly greater than children’s improvement in the control group. Finally, 221 

although children’s performance on the false belief task improved in all conditions, 222 

there was only a significant improvement in the DCCS training group. Kloo and 223 

Perner argued that the insignificant improvement of the FB prediction score in the FB 224 

training group might be due to the fact that children’s scores were already good and 225 

there was little room for further improvements. 226 

Modeling the mutual transfer between the DCCS task and 227 

the false belief task (FB) 228 

In this section, we first discuss the relevant mechanisms of the cognitive architecture 229 

PRIMs and explain our DCCS and false belief task models. Subsequently, we explain 230 

the underlying mechanism of training effect in both training groups and the 231 

underlying mechanism of the transfer effect from the DCCS task to the FB task and 232 

vice versa. After that, we present the results of our simulations by comparing them to 233 

the experimental data from Kloo and Perner’s (2003) training study. Finally, we 234 

introduce our models’ predictions. 235 

 236 
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The relevant mechanisms of the cognitive architecture PRIMs 237 

The cognitive architecture PRIMs is built as a theory of skill acquisition and of 238 

transfer of skills. It adopts the mechanisms of the declarative memory of ACT-R, 239 

which is a hybrid symbolic/sub-symbolic production-based cognitive architecture 240 

(Anderson, 2007).  241 

 242 

 Similar to ACT-R, the factual knowledge is represented in the form of chunks 243 

in declarative memory (i.e., “The president of the USA is Barack Obama”). However, 244 

in addition to the chunks of factual information, PRIMs architecture has operators 245 

(represented as hexagons in Figure 4) and goals (represented as rounded rectangles in 246 

Figure 4) in declarative memory.  Operators, like production rules in ACT-R, are in 247 

the form of IF-THEN rules (condition-action) and implement the instruction of the 248 

given task. 249 

 250 

The PRIMs architecture breaks down the complex production rules of ACT-R, 251 

which represent procedural knowledge (i.e., how to drive a car), into a fixed number 252 

of smallest possible elements, named PRIMs. PRIMs only move, compare or copy 253 

information between modules (i.e., declarative, visual, motor modules) independent 254 

from the content of the information. For example, a condition PRIM checks if 255 

working memory is empty and an action PRIM copies the visual input to working 256 

memory independently from the content of the information. Operators combine these 257 

PRIMs together to perform a task. Figure 2 presents the global outline of the PRIMs 258 

architecture. 259 

 260 

For instance, in Figure 3, the operators, which are represented by the colored 261 

nodes, represent the task-specific operators of the DCCS and FB models and combine 262 

the gray (condition) and white (action) nodes, which represent the task-general 263 

condition-action PRIMs. While the red colored nodes denote the operators of the 264 

DCCS model, the blue colored nodes denote the operators of the FB model. The 265 

yellow halos show the common PRIMs between the two tasks. 266 

 267 
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 268 
Figure 2. The global outline of the PRIMs architecture. Reprinted from “The Nature 269 
and Transfer of Cognitive Skills,” by N. A. Taatgen, 2013, Psychological Review, 120 270 
(3), p. 443. Copyright 2013 by the American Psychological Association.  271 
 272 

 273 

    274 

 In the PRIMs architecture, a single task is implemented by multiple goals that 275 

can be reused for other tasks. Unlike ACT-R’s production rules, there is no hard 276 

connection between goals and operators in PRIMs (represented as dashed arrows in 277 

Figure 4), meaning that if a goal is triggered in a situation in which there are no 278 

associated operators, any matching operator can be tried. Current goals of the model 279 

activate operators to achieve those goals. If an operator is successful to complete a 280 

goal, the strength of association between the goal and the operator increases.  281 

  282 

 As we mentioned in the Introduction, the PRIMs architecture has two 283 

explanations that explain transfer of skills. Explanation 1 is based on the transfer of 284 

the task-general sequences of PRIMs. When a particular sequence of PRIMs is used 285 

often over time, it becomes more efficient to carry out that sequence. Whereas 286 

initially every PRIM is carried out individually, after learning the whole sequence of 287 

PRIMs is carried out in a single step (i.e., production compilation), considerably 288 

speeding up the process. Sequences of PRIMs are always task-general and can, 289 
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therefore, be reused in other tasks. This means that if two tasks have common 290 

structural overlap, the PRIMs architecture can model knowledge transfer from one 291 

task to another. However, Explanation 1 is based on a slow compilation process and 292 

therefore transfer occurs relatively slowly. 293 

  294 

 Explanation 2 is based on training a particular strategy, which is represented 295 

by operators. Operators, like other chunks in declarative memory, have base-level 296 

activations and associative strengths.  After training a model with a task that forces 297 

the model to use a particular strategy (e.g., a proactive strategy), when the model is 298 

presented with another task that has two competing strategies (e.g., reactive vs. 299 

proactive), the model chooses the trained strategy (e.g., proactive) instead of the 300 

alternative competing strategy (e.g., a reactive strategy). Because Explanation 2 is 301 

based on the activations of the operators in declarative memory, transfer occurs faster 302 

than according to Explanation 1, which is based on utilities of PRIMs. 303 

 304 

 As can be seen from Figure 3, there is not so much overlap of condition-action 305 

PRIMs (gray and white nodes) between the DCCS and FB models and there is only 306 

one operator (i.e., prepare) that both models share. We argue that the key element of 307 

transfer from the DCCS task to the FB task and vice versa is based on Explanation 2 308 

of the PRIMs architecture, which is training to choose a particular strategy, because 309 

the training time in the experiment is relatively short. 310 

 311 
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  312 
Figure 3 (Should be printed in color). The representation of the operators (colored 313 
nodes) and condition-action PRIMs (gray and white nodes) in declarative memory for 314 
the FB model and the DCCS model. The yellow halos show the common PRIMs 315 
between the two tasks. 316 
 317 

A model of the Dimensional Change Card Sorting task (DCCS)  318 

We constructed a model of the DCCS task without and with feedback representing 319 

Kloo and Perner’s pre-test/post-test sessions and the training sessions, respectively. 320 

The DCCS model with feedback has an additional goal and an operator related to that 321 

goal that forces the model to prepare to use the strategy of control (see Figure 4a2). 322 

We explain how the model uses the strategy of control in detail below. 323 

  324 

 In line with Kloo and Perner’s experiment, the DCCS model without feedback 325 

at pre-test and post-test sessions first plays six trials of the “Animal” game at the pre-326 

switch phase and, after that, plays six trials of the “How-Big” game at the post-switch 327 

                                                
2 Note that the two models already have both a default strategy, which lacks of control, as 
well as a control strategy. This choice is based on the fact that Kloo and Perner’s 
experimental results have shown that some children can pass these tasks even when they are 
presented to them for the first time. Our models are designed to represent an average child 
performing the tasks. 
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phase. Again, in line with Kloo and Perner’s experiment, the DCCS model with 328 

feedback at the training sessions sorts the cards with five switches.   329 

 The steps that the DCCS model goes through over time as follows (cf., Buss & 330 

Spencer, 2008; Morton & Munakata, 2002; Marcovitch & Zelazo, 2000; van Bers, 331 

Visser, van Schijndel, Mandell, & Raijmakers, 2011): 332 

 333 

1. The model starts with the goal “store-game” which spreads activation to 334 

the operators that put which game the model is playing into working 335 

memory (e.g., “Animal”, “How-Big”) and sends this to the declarative 336 

memory to be retrieved later if it is necessary (Figure 4a, O1 and O2).  337 

 338 

2. Subsequently, there are two competing strategies to choose from after a 339 

test card is presented and before attending to a dimension of a presented 340 

test card. If the default-attend strategy is selected, meaning that the 341 

default-attend goal has a higher activation in the declarative memory, the 342 

model attends a dimension of the test card based on the pre-switch phase 343 

(e.g., the type of the animal) without checking what the game was (Figure 344 

4a, O3). Therefore, while this strategy leads the model to a correct answer 345 

in the pre-switch phase, it does not work for the post-switch phase 346 

because the goal of the post-switch phase is to attend to the size of the 347 

animals instead of the animal type.  348 

 349 

On the contrary, if the model selects the prepare strategy, it prepares itself 350 

to use the strategy of control, meaning that it changes the current goal to 351 

control (Figure 4a). Unlike the default-attend strategy, the strategy of 352 

control first requests a retrieval of the current game (i.e., “Animal” or 353 

“How-Big”), which was stored in the declarative memory at the beginning 354 

of the task (Figure 4a, O5). In this way, the model uses cognitive control 355 

by being flexible in behavior based on the current goal. After that, the 356 

DCCS model focuses its attention on a dimension based on the retrieved 357 

game (Figure 4a, O6 or O7). Therefore, when the model uses the strategy 358 

of control, it gives correct answers most of the time both at the pre-switch 359 

and post-switch phases. For example, if the game is a “How-Big” game at 360 

the post-switch phase and the test card is “small yellow horse”, the 361 
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default-attend strategy focuses on “horse”, which is based on the pre-362 

switch rule, “Animal” game. On the other hand, the strategy of control 363 

first retrieves what the game was (“How-Big”) and based on this retrieval, 364 

it focuses on the “How-Big” dimension of the test card, namely “small”.  365 

 366 
3. After focusing on a dimension of the test card, the DCCS model makes 367 

a decision by requesting a retrieval of one of the decision chunks (i.e., 368 

“big yellow horse” on the left and “small red fish” on the right) from 369 

its declarative memory (Figure 4a, O8). For instance, at the post-switch 370 

phase, while the default-attend strategy (“attend-animal”) focuses its 371 

attention to the dimension “horse” and gives the wrong answer “left” 372 

after retrieving the decision chunk “horse left”, the strategy of control 373 

(“attend-howbig”) focuses its attention to the dimension “small” and 374 

gives the correct answer “right” after retrieving the decision chunk 375 

“small right”. 376 

 377 
There is an additional mechanism of the DCCS model that leads the model to 378 

make errors when the retrieval of a decision is requested. It has been shown that there 379 

is a visual clash between target and test cards (Doebel & Zelazo, 2015; Perner & 380 

Lang, 2002). For example, there is a visual clash between the picture of the big 381 

yellow horse on the target card and the small yellow horse on the test card when it 382 

needs to be sorted by size at the post-switch phase, which is after sorting the cards by 383 

animal type (pre-switch phase). In our DCCS model, this visual clash is represented 384 

by the strength of associations of chunks (Sji) in declarative memory. As a result of 385 

the visual clash, although the model selects the correct prepare strategy that prepares 386 

the model to use the strategy of control, it can still make errors during retrieval.  387 
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 388 

 389 
Figure 4 (Should be printed in color). a) The DCCS model and b) the FB model at pre-test/post-test and training sessions. Note that bifurcations represent 390 
competing strategies3 and the dashed arrows represent the operators related to the goals. 391 

                                                
3Considering that children around the age of four start to use a strategy of control and that the tasks used in this study are novel tasks for children, we 
constructed our models with two different strategies (i.e., default and control). However, see Cohen, Servan-Schreiber, & McClelland (1992) for a framework 
proposing graded degrees of control. 
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Figure 5b shows an example of the associations between the “Animal” and 392 

“How-Big” types of chunks in the DCCS model. In addition to the positive 393 

associations with the same subgroup type of chunks (e.g., “horse – horse”), there are 394 

also positive associations between the subgroup of the “Animal” type of chunks and 395 

the subgroup of the “How-Big” type of chunks due to the visual clash (e.g., “horse – 396 

small”; “fish – big”). While the former positive associations lead the model to give 397 

correct answers when the correct strategy is selected, the latter positive associations 398 

represent the visual clash from the target cards and lead the model to make errors 399 

even if the correct strategy is selected. For example, at the post-switch phase, if the 400 

test card is “small yellow horse” and there is a target card on the left “big yellow 401 

horse” and on the right “small red fish”, even when the model uses the correct 402 

strategy (i.e., strategy of control) and focuses its attention on “small” according to the 403 

“How-Big” game, it can still give the wrong answer “left” instead of “right” based on 404 

the positive association between “small” and “horse”. 405 

 406 

 407 
Figure 5 (Should be printed in color). a) An example of the target and test 408 

cards in the DCCS task and b) an example of the associations between “Animal” and 409 
“How-Big” types of chunks in the DCCS model. The strengths of associations for the 410 
dimensions are set as follows: (horse horse 1.5), (fish fish 1.5), (small small 1.5), (big 411 
big 1.5), (big small -1.5), (horse fish -1.5), (horse big -1.0), (horse small 1.0), (fish 412 
small -1.0), (fish big 1.0). 413 

 414 

  415 
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A model of the false belief task (FB)  416 

Similar to the DCCS model, we constructed a model of the FB task without and with 417 

feedback representing Kloo and Perner’s pre-test/post-test sessions and the training 418 

sessions, respectively. The FB model with feedback has an additional operator, which 419 

is associated to the goal “Feedback”.  This additional operator forces the model to 420 

prepare to use the strategy of control whenever the model presented with feedback, 421 

meaning that it changes the current goal to control goal (see Figure 4b).  422 

  423 

The steps that the FB model goes through over time as follows (cf., Bello & 424 

Cassimatis, 2006; Goodman et al., 2006; Hiatt & Trafton, 2010): 425 

 426 

1. First, the story facts that include actions (e.g., “Ernie put the shell in the 427 

yellow tower”, “The bear put the shell in the red house”) and the false 428 

belief question (i.e., “Where does Ernie think the shell is?”) are presented 429 

on the screen one by one. The operators that are associated with the 430 

“Hear-story-questions” (Figure 4b, O11 – O17) put those facts into 431 

working memory and send them to declarative memory by chaining them 432 

together to be retrieved later when necessary. After being presented with 433 

the FB question, the model starts reasoning.   434 

  435 

2. Similar to the DCCS model, the FB model has two competing strategies 436 

to choose from before starting to reason about the presented false belief 437 

question (i.e., “Where does Ernie think the shell is?”). The default-reason 438 

strategy gives an answer based on the model’s own perspective 439 

(reality/zero-order reasoning strategy) without checking who is the 440 

question in person (i.e., as if the question was “Where is the shell” instead 441 

of the false belief question “Where does Ernie think the shell is?”). This 442 

strategy requests a retrieval of an action4 (Figure 4b, O18). If the retrieved 443 

action is not the last action, an operator requests the retrieval of a last 444 

action (Figure 4b, O19). When the last action is retrieved (“The bear put 445 

the shell in the red house”), the model creates a “belief” chunk in working 446 

                                                
4 We used the action of moving the shell, but the model could also easily be adapted for 
seeing. 
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memory (Figure 4b, O20) about the location of the object (“in the red 447 

house”) and gives an answer based on its own belief (Figure 4b, O30). 448 

 449 

Alternatively, if the model selects the prepare strategy, it prepares the 450 

model using the strategy of control by changing its goal to “Control” 451 

(Figure 4b, O22). The strategy of control starts with reasoning from the 452 

model’s own perspective as in the default-reason strategy (Figure 4b, O23 453 

– O25). However, subsequently, it requests a retrieval about the person in 454 

question (“Ernie”) instead of giving an answer based on its own 455 

perspective (Figure 4b, O26). Note that this procedure is very similar to 456 

the DCCS models’ strategy of control, which first checks what the game 457 

was instead of the default-attend strategy that does not have an element of 458 

control (Figure 4a, O5). 459 

 460 

3. After retrieving that the question is about “Ernie”, the FB model requests 461 

a retrieval whether “Ernie” saw the shell in the location that is in its 462 

working memory (“in the red house”, Figure 4b, O27). This retrieval 463 

request leads to a retrieval error. Based on this retrieval error, the model 464 

“infers” that “Ernie does not know that the shell is in the red house” and 465 

requests a retrieval of a chunk that includes “Ernie” and an action (Figure 466 

4b, O28). Finally, the model retrieves the chunk “Ernie put the shell in the 467 

yellow tower” and creates a “belief” chunk in its working memory that 468 

“Ernie believes that the shell is in the yellow tower” (Figure 4b, O29) and 469 

gives the correct answer “in the yellow tower” (Figure 4b, O30).  470 

 471 

 In addition to selecting the wrong default-reason strategy, the FB model has 472 

another mechanism that leads the model to make errors. This mechanism is due to the 473 

time threshold of the FB model (i.e., 28 seconds). If the model’s run-time passes the 474 

preset threshold, the model stops reasoning and gives the location that it currently has 475 

in working memory as an answer (Figure 4b, O31). In this way, we simulate that the 476 

model gives up reasoning for any reason (e.g., it takes too long or it gets distracted). 477 

The idea of a time threshold when children are performing a task is consistent with 478 

research showing that children perform better in language comprehension tasks and 479 

cognitive tasks when they are given more time (Ling, Wong, & Diamond, 2015; van 480 
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Rij, van Rijn, & Hendriks, 2010; Hendriks, van Rijn, & Valkanier, 2007; Diamond, 481 

Kirkham, & Amso, 2002). When the model uses the strategy of control, first it starts 482 

to reason from its own perspective and puts into working memory the location where 483 

the shell really is (reality). If the time threshold is reached and if the model has not 484 

reasoned about Ernie’s perspective yet, it gives the answer “in the red house” instead 485 

of the answer “in the yellow tower”.  486 

 487 

The underlying mechanism of the training effects 488 

As we mentioned before, we use the term training effect to refer both to the 489 

improvement of the DCCS task after training on the DCCS task with feedback and to 490 

the improvement of the FB task after training on the FB task with feedback.  491 

 492 

 Similar to Kloo and Perner’s experiment, both the DCCS and FB models 493 

receive feedback after each trial at the training sessions. Note that in the DCCS 494 

training group, the feedback forces children to first check which game they are 495 

playing before making a decision (i.e., “What game are we playing now?”). In the FB 496 

training group, the feedback urges children to take the perspective of the protagonist 497 

who is in question (e.g., “…Does Ernie really know that the shell is in the red house? 498 

Where does Ernie think the shell is? ...”). Therefore, the feedback forces children to 499 

use a strategy of control in the both DCCS and FB training groups. 500 

 501 

 The feedback in training sessions is represented as follows for both the DCCS 502 

and FB models: i) The screen that the model “sees” presents the word “feedback”; ii) 503 

the operator “feedback” (Figure 4a, O10; Figure 4b, O32) which is associated to the 504 

goal “Feedback” matches the current state of the model and puts the goal “Prepare” 505 

into one of the goal slots. With repetition, this procedure increases the activation of 506 

the prepare strategy, which forces the model to use the strategy of control. Therefore, 507 

the DCCS model starts to use a strategy of control by first checking what the game is 508 

instead of the default-attend strategy and the FB model starts to use the strategy of 509 

control by taking the perspective of the person in question instead of giving an answer 510 

based on its own perspective.  511 

  512 
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 In this way, in the DCCS training group, after training the DCCS model with 513 

feedback, the accuracy of the DCCS model at post-test becomes higher than the 514 

DCCS model at pre-test. Similarly, in the FB training group, after training the FB 515 

model with feedback, the accuracy of the FB model at post-test becomes higher than 516 

the FB model at pre-test. 517 

 518 

The underlying mechanism of mutual transfer between the DCCS and FB 519 

tasks 520 

In the previous three subsections, we explained how the FB and DCCS models work 521 

and we delineated the underlying mechanisms of the training effect. In this 522 

subsection, we explain the underlying mechanism by which our models show transfer 523 

from the DCCS task to the FB task and vice versa. 524 

 525 

 As we mentioned before, there is not so much overlap in the procedural 526 

knowledge between the FB and DCCS models (Figure 3, the yellow halos). The key 527 

element of the mutual transfer between the DCCS and the FB models is based on the 528 

PRIMs architecture’s Explanation 2, which is training a particular strategy.  529 

 530 

As shown in Figure 4a and Figure 4b, the FB and DCCS models have a 531 

common structure. There are two competing strategies, only one of which leads the 532 

model to give a correct answer. While the default-attend and default-reason strategies 533 

lack the element of control, the prepare strategy, which is trained by the explicit 534 

feedback, forces the model use the strategy of control (see Taatgen, 2013 for a similar 535 

modeling approach to the transfer between Stroop task and task switching). Thus, 536 

once the DCCS model has been trained on the FB model with feedback, the activation 537 

of the prepare strategy gets higher. Because the prepare strategy’s activation 538 

increases, at the post-test session, the DCCS model selects the prepare strategy 539 

instead of the competing default-attend strategy after training on the FB model with 540 

feedback. Therefore, the DCCS model’s accuracy gets higher at the post-test session 541 

when it has been trained on the FB model with feedback. Similarly, once the FB 542 

model has been trained on the DCCS model with feedback, again the activation of the 543 

prepare strategy gets higher. Therefore, the FB model selects the prepare strategy 544 
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instead of the competing default-reason strategy and the FB model’s accuracy gets 545 

higher at the post-test session. 546 

 547 

Results of the DCCS and FB models and comparison to experimental data 548 

Similar to Kloo and Perner’s study, we ran simulations in three training groups 549 

(DCCS training, FB training, control). Table 1 shows the protocol to obtain the results 550 

of the DCCS and FB models for each training group at pre-test, training and post-test 551 

sessions. We repeated the protocol in Table 1 for 15 times at each training group. In 552 

this way, we aimed the results to represent 15 children performing the tasks at each 553 

training group. For example, the accuracies of the DCCS and FB models at each pre-554 

test and post-test sessions are based on a total of 1,500 repetitions (15 * 100) in each 555 

training group. 556 

 557 

As can be seen from Figure 6a and Figure 6b, our results have similar patterns 558 

with Kloo and Perner’s results in terms of training effect and transfer effect. 559 

Importantly, similar to Kloo and Perner’s findings, the improvements of both the 560 

DCCS and FB tasks in the DCCS training group is higher than their improvements in 561 

the FB training group. Based on our results, we predict that the reason of this 562 

difference is due to the unequal number of times of feedback that was provided in the 563 

DCCS and FB training groups. Note that Kloo and Perner’s experiment trained 564 

children ten times with feedback in the DCCS training group. On the other hand, 565 

children were trained six times with feedback in the FB training group. We simulated 566 

this by running 40 repetitions at the training session of the FB training group (40 567 

times feedback) and 30 repetitions at the training session of the DCCS training group 568 

(30 * 5 times feedback). The higher number of repetitions in the DCCS training group 569 

makes the selection of the strategy of control more likely than the default strategies 570 

due to increased activation. Note that the only parameter that is fitted to the 571 

experimental results is the number of repetitions of the FB training group. If the 572 

number of repetitions of the FB training group is set proportional to Kloo and 573 

Perner’s experimental design (i.e., 90), the improvement of the models in this training 574 

group will be higher than children’s improvement in the experiment. 575 

  576 
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Table 1. The number of repetitions of the DCCS and FB models at pre-test, training and post-test sessions in three training groups.  577 

Sessions DCCS Training Group  FB Training Group  Control Group 
 DCCS Task FB Task  DCCS Task FB Task  DCCS Task FB Task 
Pre-test DCCS * 100 FB * 100  DCCS * 100 FB * 100  DCCS * 100 FB * 100 

Training 
(reset) (reset)  (reset) (reset)  (reset) (reset) 
DCCS 

with feedback * 30 
DCCS  

with feedback * 30 
 FB  

with feedback * 40 
FB  

with feedback * 40 
 DCCS * 30 FB * 40 

Post-test DCCS * 100 FB * 100  DCCS * 100 FB * 100  DCCS * 100 FB * 100 
 578 

 579 
Figure 65(Should be printed in color). The comparison of experimental data and the model results of the DCCS and the false belief (FB) task for 580 
a) DCCS training group, b) FB training group, and c) control group.  581 
                                                
5 Because Kloo and Perner’s study did not report the standard errors, the standard error bars of the FB and DCCS data were calculated based on the 
proportions under the assumption that there was no missing data. 
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In order to predict what the results would be if both the DCCS and FB training 582 

groups received feedback the same number of times, we followed the same protocol 583 

as in Table 1, but we trained the DCCS and FB models with the same number of 584 

times feedback. We kept the number of repetitions of the DCCS model with feedback 585 

in the DCCS training group the same (5 *30 repetitions). However, this time, we ran 586 

150 repetitions of the FB model with feedback in the FB training group instead of 40 587 

repetitions. The results showed that, similar to the DCCS training group, the accuracy 588 

of the DCCS model would increase from 27% to 73% and the accuracy of the FB 589 

model would increase from 55% to 99% from pre-test to post-test sessions. 590 

 591 

Effect of parameters   592 

All the parameters were set to their default values, except the retrieval threshold, 593 

input activation, default-operator-association, default-inter-operator-association and 594 

goal-operator-learning parameters.  595 

 596 

The retrieval threshold was set to -3 (default -2), in order to make sure that the 597 

errors are not due to just forgetting where the target cards were in the DCCS task 598 

(because in the experiment they were presented on the table) or to forgetting the story 599 

facts in the FB task. Thus, the DCCS model’s failure is due to inappropriate strategy 600 

selection and the FB model’s failure is due to the time threshold (28 seconds) and 601 

inappropriate strategy selection. The input activation parameter was set to 1 (default 602 

0) in order to make sure that there is enough spreading activation from the input to the 603 

chunks in declarative memory. Moreover, we set the default activation parameter to 1 604 

(no default) in order to specify the lower bound of base-level activation for all chunks 605 

in the models. 606 

 607 

In line with the previous models of PRIMs (Taatgen, 2013), we set the default-608 

operator-association parameter to 8 (default 4) in order to guarantee that operators 609 

relevant to one of the goals in the goal buffer are more likely to be retrieved instead of 610 

other operators. Also, to ensure that an operator that is associated to the same goal as 611 

the previous operator is selected, we set the default-inter-operator-association 612 

parameter to 2 (default 1). 613 
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Finally, we turned the goal-operator-learning parameter on. By turning on 614 

this parameter, the model learns the associations between the goal and retrieved 615 

operators by using reinforcement learning. The reward parameter (no default) that 616 

sets the maximum time to reach the goal, which is used in reinforcement learning, 617 

was set to 10 in the DCCS model and was set to 60 in the FB model. The differences 618 

in the reward parameters between the two models are due to the time needed for the 619 

models to complete the tasks. Note that all of the above-mentioned non-default 620 

parameters were set before running the simulations. 621 

 622 

Predictions 623 

1. In Kloo and Perner’s study, the reason for the lesser improvements of the DCCS 624 

and FB tasks in the FB training group than in the DCCS training group is that 625 

children received fewer times feedback (6 and 10 respectively). If children would 626 

receive feedback the same number of times, the improvements in the FB training 627 

group would be similar to the improvements in the DCCS training group. 628 

 629 

2. In the DCCS task, even when children use the strategy of control, it might be 630 

possible to make errors due to visual clash from the target cards. Similarly, even 631 

when children do not use the strategy of control at the post-switch phase, they can 632 

still give a correct answer based on the visual clash.  633 

Discussion and Conclusions 634 

In order to provide a procedural account for Kloo and Perner’s (2003) findings that 635 

there is a mutual transfer between the Dimensional Change Card Sorting task (DCCS) 636 

and the false belief task (FB), we constructed computational cognitive models of the 637 

DCCS and the FB tasks by using the PRIMs cognitive architecture. The main finding 638 

in this study is that using the strategy of control instead of a simpler strategy is the 639 

key factor for the transfer from the DCCS task to the FB task and vice versa. Based 640 

on our results, we argue that explicit feedback in the training groups trained children 641 

to use a strategy of control.  642 

 643 
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 Our modeling approach explains the mutual transfer between the DCCS task 644 

and the FB task based on the PRIMs theory’s Explanation 2, because the training time 645 

in the experiment is relatively short. While Explanation 1 is a slow process and 646 

explains transfer of skills if the tasks have common procedural knowledge, 647 

Explanation 2 is a fast process and is based on training a particular strategy. In both of 648 

the DCCS and FB models, there are two alternative strategies that compete with each 649 

other, only one of which leads the model to give a correct answer.  650 

 651 

 Explicit feedback trains both the DCCS and FB models to prepare to use a 652 

strategy of control, instead of giving an answer based on a simpler strategy. The 653 

strategy of control checks what the game was in the DCCS task and who was the 654 

person in question in the FB task before giving an answer. On the other hand, more 655 

simple strategies (i.e., default-attend, default-reason), which lack the element of 656 

control, focus on the pre-switch rule dimension without checking what the question 657 

was about in the DCCS task and reporting the model’s own perspective in the FB 658 

task. 659 

 660 

Kloo and Perner argue that explicit feedback in the DCCS and FB training 661 

groups help children to understand that an object or a certain situation can be 662 

described differently from different perspectives. Although we agree that children 663 

should be able to redescribe objects or situations from different perspectives in order 664 

to give correct answers, our computational modeling approach shows that the 665 

redescription hypothesis alone is not enough to explain how children learn to 666 

overcome the cognitive control elements of the DCCS and FB tasks. 667 

 668 
 669 
 Moreover, our models show that children do not necessarily need to represent 670 

if-if embedded rules (e.g., in Figure 1, if the game is an “Animal” game then if the test 671 

card is a ‘small yellow horse’ then this card goes to the left box) as the CCC-r theory 672 

suggests (Zelazo et al., 2003). Both the DCCS and the FB models’ performance is 673 

based on requesting a retrieval from declarative memory and making decisions based 674 

on the retrieval. Therefore, they do not need to represent if-if embedded rules but they 675 

should both have a strategy of control to request the retrieval before making 676 

decisions. 677 
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  678 

  Based on our models, we made two predictions. The first prediction, 679 

proposing that the lesser improvements of the DCCS and FB tasks in the FB training 680 

group than in the DCCS training group is due to the fact that children received fewer 681 

times feedback, should be tested by replicating Kloo and Perner’s study by training 682 

children with the same number of times feedback in the DCCS and FB training 683 

groups. The second prediction, indicating that children can give correct answers even 684 

when they apply the wrong strategy instead of the strategy of control, can be tested by 685 

looking at children’s reaction times at the post-switch phase. Because using the 686 

strategy of control requires to request a retrieval from declarative memory and the 687 

decision is made based on the retrieval, it takes longer to give an answer than the 688 

default-attend strategy. On the other hand, children who still apply the wrong pre-689 

switch rule but give correct answers due to the visual clash at the post-switch phase 690 

make decisions faster than the children who use a strategy of control.  691 

 692 

Our models’ results have a quite good fit to Kloo and Perner’s data. However, 693 

there are also some limitations of the DCCS model. In the control group (Figure 6c), 694 

while the FB model’s accuracy increases, the DCCS model does not improve from 695 

pre-test to post-test. This training effect of the FB model is due to the production 696 

compilation mechanism of PRIMs. The FB model initially has to retrieve each PRIM 697 

one by one in order to give an answer, therefore, it needs more time to complete the 698 

task. When the FB model is repeated, it uses the combined PRIMs and completes the 699 

task. Because we set a time threshold to the model, representing a child giving up 700 

reasoning, the accuracy of the FB model increased from pre-test to post-test even 701 

though the FB model was not trained with feedback in the control group.  702 

 703 

On the other hand, the DCCS model has only two competing strategies to 704 

perform the task and we did not set any time threshold to the DCCS model to 705 

complete the task. The reason for this modeling choice is due to the fact that the 706 

DCCS task is not as complex as the FB task. Because the DCCS model makes an 707 

error either by selecting a wrong strategy or because of the visual clash, its accuracy 708 

does not improve from pre-test to post-test sessions in the control group after it is 709 

trained without feedback. Kloo and Perner’s results showing that children’s 710 

performance in the DCCS task also improved in the control group might be 711 
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interpreted as getting familiar with the task itself or with the experimenter has effects 712 

on children’s performance, which is not covered by our DCCS model. 713 

 714 

To sum up, our modeling approach provides a plausible explanation for the 715 

mutual transfer between the DCCS and FB tasks and for children’s errors in the 716 

DCCS and FB tasks. Based on our models, unlike Kloo and Perner (2003) and Zelazo 717 

et al. (2003), we propose that the common element in the two tasks is two competing 718 

strategies, only one of which leads to give a correct answer. Training children to use a 719 

strategy of control with explicit feedback explains both the training and the transfer 720 

effects.   721 
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