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ABSTRACT 

Gambling involves evaluating the gains and losses associated with particular actions. We 

investigated the extent to which 3-, 4- and 5-year-old children are able to integrate gain and loss 

values in order to maximize their winnings when selecting cards from two decks. This research 

employed the Children Gambling Task (CGT), which is a modified 2-deck version of the Iowa 

Gambling task used with adults. In the CGT, one deck is disadvantageous. Cards in this deck 

yield high gains, but higher losses and an overall net loss. The other deck is advantageous. Cards 

in this deck yield low gains, but even lower losses, and an overall net gain. Published research 

suggests that young children’s difficulty with the CGT is due to task complexity. It shows that 3-

, 4-, and 5-year-olds choose cards from the advantageous deck on less complex versions of the 

task that require them to consider losses alone (with gains held constant), or to consider gains 

alone (with losses held constant). However on the standard version of the CGT in which gains 

and losses must be considered in the same decision, 3-year-olds continue to select from the 

disadvantageous deck. The 5-year-olds select from the advantageous deck. The performance of 

4-year-olds is more variable being above chance level in some but not all studies. An alternative 

interpretation of 3-year-olds’ difficulty is plausible. Loss values in the disadvantageous deck of 

the standard CGT were more variable (0, 4, 5 or 6) than in the less complex versions (0 or 1) or 

(0, 5). Therefore 3-year-olds’ difficulty might be attributable to variability rather than 

complexity. Our experiment involved 46, 3- to 5-year-old children. The variability of loss values 

was equated across the three versions. The findings show that (i) the complexity effect for 3-

year-olds was not eliminated, and (ii) an independent measure of the ability to process complex 

relations significantly predicted performance on the CGT. Thus variability of loss values does 

not fully account for previous findings, and the complexity explanations were supported. 
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INTRODUCTION 

Executive function (EF) is an umbrella term that encompasses a large number of 

volitional activities including planning, organization and regulation of one’s thoughts and 

actions. Impairments in EF are associated with a range of neuropsychological disorders. EFs are 

usually conceptualized as domain-general in nature. However, some researchers now distinguish 

between ‘cool’ and ‘hot’ EFs. Cool EFs are elicited by relatively abstract, decontextualised 

problems, whereas ‘hot’ EFs are required for problems involving affect and motivation (Zelazo 

& Muller, 2002).  

One task that is thought to elicit hot EF is the Iowa Gambling Task (Bechara, Damasio, 

Damasio & Anderson, 1994). In the original version of the task, adult participants are given an 

initial stake of $2,000 in play money. They are then instructed to win as much money as possible 

by choosing cards from four decks. The four decks have different gain-loss profiles. Two decks 

are disadvantageous. They offer high gains but even higher losses. If participants select cards 

systematically from these decks, they will incur a net loss over trials. The remaining two decks 

are advantageous. They offer smaller gains but even smaller losses. If participants select cards 

systematically from these decks, they will experience a net gain over trials. Unimpaired adults 

are able to utilize the feedback provided by the gains and losses to identify the advantageous 

decks and to select from them, while avoiding the disadvantageous decks. Consequently, their 

performance improves across trial blocks. By contrast, patients with lesions to the ventromedial 

regions of the prefrontal cortex continue to select from the disadvantageous decks (Bechara et 

al.). Their performance does not improve across trial blocks. Patients’ performance on this lab-

based task mirrors their impaired decision making in everyday life. 
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The IOWA gambling task has been modified for use with children. For example, Crone 

and van der Molen (2004, also see Crone, Bunge, Latenstein, & van der Molen, 2005) designed 

the hungry donkey task in which the stimulus display consists of four doors, A, B, C, D and a 

donkey sitting in front of the doors. Participants’ task is to assist the hungry donkey to 

accumulate as many apples as possible by selecting one of the four doors.  The four doors have 

different profiles in terms of the number of apples gained and the number of apples lost. The 

performance of children, adolescents and young adults (aged from 6 years to 25 years) on the 

hungry donkey task was examined. Prior to age 12, most children opted for choices that yielded 

high immediate gains in spite of their higher future losses. The pattern of results for these 

younger children was comparable to the behavioural patterns displayed by patients with brain 

lesions. This has prompted claims that the protracted development of the prefrontal regions of 

the brain underlies children’s difficulty with the task.  

Garon and Moore (2004) modified the IOWA Gambling task for use with even younger 

children. They substituted Smarties for money, and reduced the number of trials from 100 to 40, 

but they retained four decks of cards. The children were also given an awareness test to assess 

their understanding of what was happening during the game. Garon and Moore found that 

awareness improved with age in their sample of 3-, 4-, and 6-year-old children. However, there 

was no significant effect of age on selections from advantageous decks, and even the 6-year-old 

children appeared to perform at chance levels only. The need to track the gain and loss values 

associated with four decks and maintain them in memory might be too demanding for young 

children.  

Kerr and Zelazo (2004) modified the task by reducing the number of decks. In their 2-

deck version, the Children’s Gambling Task (CGT), the rewards were M&M sweets. Cards 
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displayed happy and sad faces. The number of happy faces indicated the numbers of M&Ms won 

and the number of sad faces indicated the numbers of M&Ms lost as a result of choosing the 

card. For example, if a child selected the card shown in Figure 1 she/he would win two M&Ms, 

but she/he would lose four M&Ms. Kerr & Zelazo presented five blocks of trials with ten trials in 

each block.  

Their results showed that choices from the advantageous deck increased across trial 

blocks for 4-year-olds, but not for 3-year-olds. Furthermore, the 3-year-olds’ means for blocks 3 

and 4 were significantly below chance, whereas the 4-year-olds’ means for blocks 3 and 5 were 

significantly above chance. These group based results were supported by analyses of the 

performance of individual children. The numbers of children who selected from the 

disadvantageous deck or from the advantageous deck at rates that were significantly above 

chance level were computed for each age group. Second-order applications of the binomial 

theorem applied to these frequencies showed that the numbers of 3-year-olds (10, p < .0001) and 

4-year-olds (4, p < .05) who selected systematically for the disadvantageous deck were 

significantly higher than would be expected by chance. Furthermore, the number of 4-year-olds 

(7, p < .0005) who selected systematically for the advantageous deck was significantly higher 

than would be expected by chance. 

Kerr and Zelazo (2004) interpreted their findings in terms of Cognitive Complexity and 

Control (CCC) theory (Zelazo & Frye, 1997), in which age-related changes in the complexity of 

rule systems allow increasing control over thoughts and actions. From around 3 years of age 

children can use a pair of arbitrary rules. Around 5 years, they can integrate two incompatible 

pairs of rules into a single rule system via a higher-order rule (Zelazo, Jacques, Burack & Frye, 

2002). Considering gains alone results in selections from the disadvantageous deck, considering 
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both gains and losses produces selections from the advantageous deck. Integrating gains and 

losses in the CGT requires consideration of two dimensions in contradistinction. Although 3-

year-olds can learn the initial discrimination (e.g., the striped deck has high gains, the dotted 

deck has low gains), they have difficulty coordinating this with emerging evidence about losses 

(e.g., the striped deck has high losses, the dotted deck has low losses). Older children can 

formulate a higher-order rule and this allows them to appreciate net gains.  

Kerr and Zelazo’s (2004) findings can also be accounted for by Relational Complexity 

(RC) Theory (Halford, 1993; Halford, Wilson & Phillips, 1998) in which higher cognitive 

processes (including EFs) are characterized as involving complex relations. Relational 

complexity corresponds to the number of arguments or entities related in a single decision. 

Unary relations have a single argument as in class membership. The fact that Fido is a dog 

constitutes a unary relation, dog(fido). Binary relations have two arguments. That an elephant is 

larger than an mouse constitutes a binary relation, larger-than(elephant, mouse). Ternary 

relations have three arguments as in arithmetic arithmetic-addition(2,3,5). Quaternary relations 

such as proportion have four interacting components as in 2/3 = 6/9, whereas quinary relations 

entail five interacting components.  

The complexity of relations that children can process increases with age. The median 

ages of attainment as predicted by Halford (1993) were 1 year for unary relations, 2 years for 

binary relations, 5 years for ternary relations and 11 years for quaternary relations. Much of the 

empirical research has focused on binary- and ternary-relational processing. Children succeed on 

ternary-relational tasks at a median age of 5 years, and binary-relational tasks by a median age of 

2 to 3 years. This conclusion is based on research in a large number of cool content domains 

including transitive inference, class inclusion, hierarchical classification, cardinality, sentence 
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comprehension and hypothesis testing (Andrews & Halford, 1998; 2002), balance scale 

reasoning (Halford, Andrews, Dalton, Boag, & Zielinski, 2002a) property inferences based on 

classification hierarchies (Halford, Andrews & Jensen, 2002b), and the dimensional change card 

sorting task (Halford, Bunch, & McCredden, 2007). Andrews and Halford (2002) found that the 

percentages of children who processed ternary relations were 16% at age 3 to 4 years, 48% at age 

5, 70% at age 6, and 78% at age 7 to 8 years. The majority of children at each of these ages 

succeeded on comparable binary-relational items.  

Complexity approaches have also been applied to a hot domain, theory of mind. Both 

Halford (1993; Andrews, Halford, Bunch, Bowden & Jones, 2003) and Frye, Zelazo and Palfait 

(1995) proposed that false belief and appearance reality tasks, which are recognised measures of 

Theory of Mind, require complex inferences and reported findings supporting this.  

As noted above, Kerr and Zelazo (2004) interpreted their findings for the CGT in terms 

of complexity, although their research did not directly evaluate this explanation. Bunch, 

Andrews, and Halford (2007) provided a direct test of the complexity hypothesis. They analyzed 

the CGT using the Relational Complexity metric and proposed that the task requires integration 

of the differences between the two decks in gains and losses. Each difference is a binary relation. 

Thus two binary relations must be integrated into a ternary relation involving three variables, 

(deck, magnitude of gain, magnitude of loss). Based on the norms presented earlier, they 

predicted that children should be able process the ternary relations required for success on the 

CGT by 5 years. Younger 3- and 4-year-old children should be able to process the component 

binary relations, but they should be unable to integrate these binary relations into a ternary 

relation.  
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To test these predictions, Bunch et al., (2007) designed two less complex binary-

relational versions of the CGT. In the binary-gain version, the advantageous and disadvantageous 

decks differed in terms of the gain values, while the loss values were held constant across decks. 

The advantageous deck could be identified by focusing on the gains in the two decks. This 

involves the binary relation between two variables, (deck, magnitude of gain). In the binary-loss 

version, the decks differed in terms of the loss values, while the gain values were held constant 

across decks. The advantageous deck could be identified by focusing on the losses in the two 

decks. This involves the binary relation between two variables, (deck, magnitude of loss). The 3-

, 4-, and 5-year-old children completed all three versions, the ternary-CGT (as in Kerr & Zelazo, 

2004) and the new binary-gain and binary-loss versions. The procedures for the three versions 

were closely matched.   

Children performed comparably on the binary-loss and binary-gain versions, so these two 

versions were combined. For the binary-relational versions, choices from the advantageous deck 

increased across blocks in all three age groups. The means for all trial blocks and age groups 

were significantly above chance. For the ternary-relational CGT, choices from the advantageous 

deck increased across trial blocks for 5-year-olds, but not for 3- or 4-year-olds. The 3-year-olds’ 

means for trial blocks 2, 3, and 4 were significantly below chance. The 4-year-olds’ means for 

blocks 2 to 5 did not differ significantly from chance. The 5-year-olds’ means for blocks 1 to 5 

were significantly above chance.  

These group based results were supported by analyses of the performance of individual 

children. The numbers of children who selected from the disadvantageous deck or from the 

advantageous deck at rates that were significantly above chance level were computed for each 

age group. Second-order applications of the binomial theorem were applied to these frequencies. 
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They showed that the number of 3-year-olds (10, p < .0001) who selected systematically for the 

disadvantageous deck was significantly higher than would be expected by chance. Furthermore, 

the numbers of 4-year-olds (10, p < .0001) and 5-year-olds (20, p < .0001) who selected 

systematically for the advantageous deck were significantly higher than would be expected by 

chance. 

Thus, both the group based and the individual analyses of the ternary-relational CGT, 

indicate that the 3-year-olds in Bunch et al’s (2007) and Kerr and Zelazo’s (2004) studies 

performed similarly. The group based analyses suggest that 4-year-olds performed a little better 

in Kerr and Zelazo’s than in Bunch et al’s studies. However this was not borne out in the 

analyses based on individual performance. The results were consistent with complexity 

explanations in that the majority of 3-, 4-, and 5-year-olds succeeded on binary-relational 

versions. However, on the ternary-relational CGT the majority of 5-year-olds succeeded, 

whereas the majority of children in the younger groups did not. It appears that younger children 

were able to deal with each component of the task in isolation, but they did not integrate 

information about gains and losses to identify the advantageous deck.  

However, an alternative interpretation is possible. Table 1 shows the gain and loss values 

associated with the decks in Bunch et al., (2007). The gains and losses in Deck A were the same 

for all 3 versions. The gains and losses in Deck B differed across the three versions. For Deck B, 

ternary-relational CGT was matched to the binary-gain version in terms of gains. That is, 20 

rewards were gained over each block of ten trials. Ternary-relational CGT was matched to the 

binary-loss version in terms of losses. That is, 25 rewards were lost over each block of 10 trials.  

However, losses were more variable in the ternary-relational CGT (0, 4, 5 or 6 per trial) than in 

the binary versions (0 or 1 per trial) or (0 or 5 per trial). Therefore it is plausible that the greater 
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difficulty of the ternary-relational CGT as compared to the binary-relational versions might 

reflect these differences in variability of loss values, rather than differences in complexity.  

Table 1. 

Gains and Losses for Cards in Decks A and B for the Three CGT Versions (Bunch, et al, 2007) 

Version Deck A Deck B 

  Gain Loss Gain Loss 

Binary-Gain 1 0 or 1 2 0 or 1 

Binary-Loss 1 0 or 1 1 0 or 5 

Ternary CGT 1 0 or 1 2 0, 4, 5, or 6 

Note: Deck A is advantageous in the ternary CGT and binary-loss versions. Deck B is 

advantageous in the binary-gain version. 

 
---------------------------------- 

The current study evaluated this alternative explanation. If Bunch et al’s (2007) results 

are due to differences between the binary- and ternary-relational versions in the variability of the 

loss values, then the difference should be eliminated when variability of loss values is equated. 

Children should perform at the same level on the binary and ternary-relational versions. 

However, if the complexity interpretation of Kerr and Zelazo (2004) and Bunch et al’s (2007) 

findings is correct, then reducing the variability of the losses in the disadvantageous deck of the 

ternary-relational CGT should have little or no impact on children’s performance. As noted 

above, complexity derives from the number of levels in the rule hierarchy in CCC theory and 

from the number of variables related in RC theory. Reducing the variability of losses does not 
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change task complexity according to these approaches. To the extent that complexity is the sole 

cause of the binary-ternary difference, the modified ternary-relational version of the CGT will be 

similar in difficulty to the CGT used by Kerr and Zelazo (2004) and Bunch et al., (2007).  

The complexity approaches make a further prediction regarding the cross-task 

associations between performance on the binary-relational and ternary-relational versions of the 

CGT and performance on another task, which also includes binary-relational and ternary-

relational items. This hypothesis will be tested using a Class Inclusion task. In this task, children 

are shown a series of displays, each depicting colored shapes that comprise an inclusion 

hierarchy. For example, in a display of five blue circles and three blue triangles, there is a 

superordinate class (blue things), a major subclass (circles) and a minor subclass (triangles). 

Children are asked questions which require them to compare the numerosities of the classes. 

Comparison of the superordinate class versus the major subclass was analyzed by Andrews and 

Halford (2002) as ternary-relational because the relations between three sets, blue things, circles, 

and triangles must be taken into account. Children who recognize that the major subclass and the 

minor subclass are included in the superordinate class will realize that the superordinate class 

(blue things) is necessarily more numerous than the major subclass (circles). Comparison of the 

two subclasses is binary-relational because the relation between two sets (circles, triangles) must 

be considered. In this case there is no need to consider the superordinate class. 

Based on previous findings indicating that performance on tasks that entail complex 

relations (Andrews & Halford, 2002) and complex rule hierarchies (Frye, Zelazo, & Palfait, 

1995) involves a capacity that applies across content domains, significant positive associations 

were expected between performance on the modified ternary-relational CGT and the ternary-
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relational class inclusion items. These associations are expected to remain significant after 

controlling for age and also for performance on the binary-relational items in each domain.  

Method 

Participants 

Forty-six children from a day care centre in the Gold Coast region of Queensland, 

Australia participated. There were fifteen 3-year-olds (8 boys) with a mean age of 42.07 months 

(SD = 3.17), fifteen 4-year-olds (8 boys) with a mean age of 51.93 months (SD = 3.53); and 

sixteen 5-year-olds (7 boys) with a mean age of 64.69 months (SD = 3.26). The research protocol 

received institutional ethical approval and written parental consent for the children’s 

participation was obtained.  

Materials and Procedure  

Children were tested individually by a female experimenter in two sessions each 

approximately 30 minutes in duration.  Testing was completed in a quiet area in the day care 

centre. All children completed three versions of the Children’s Gambling Task (CGT), and the 

Class Inclusion task. Presentation order of the three versions of CGT was counterbalanced within 

each age group. In the first session, two versions of the CGT were administered. The remaining 

version of the CGT and the Class Inclusion task were administered in the second session. All 

tasks were presented in game format, using concrete materials.  

Children’s Gambling task (CGT). Three versions were presented; binary-gain, binary-

loss and ternary-relational. For each version, there were two decks of laminated cards, with 40 

cards in each deck. The advantageous and disadvantageous decks within each version were 

differentiated by the pattern on the reverse sides of the cards.  For the binary-gain version, the 

reverse sides of the cards in the advantageous deck were yellow with a diamond pattern whereas 
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the reverse sides of the cards in the disadvantageous deck were yellow with a black dash pattern. 

For the binary-loss version, the reverse sides of the cards in the advantageous deck were 

predominately blue with a black squiggly lined pattern whereas the reverse sides of the cards in 

the disadvantageous deck were predominately black with a blue dash pattern. For the ternary-

relational version, the reverse sides of the cards in the advantageous deck were red with a black 

arrow pattern whereas the reverse sides of the cards in the disadvantageous deck were red with a 

striped pattern.  

The face sides of all cards were divided into two sections (see Figure 1). The top section 

had a white background with happy faces printed in black. The number of happy faces 

corresponded to the number of rewards won. The bottom section had a black background with 

sad faces printed in white. The number of sad faces corresponded to the number of rewards lost. 

The bottom section of each card was initially covered by a post-it note. The intended rewards 

were mini M&Ms or stickers depending on the parents’ expressed preference. However child 

care centre protocols dictated the use of stickers only.  
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Figure 1. Sample card from the disadvantageous deck of Kerr and Zelazo’s Children Gambling 

Task (gain = 2; loss = 4). 

 

The sequences of cards in the advantageous and disadvantages decks for the three 

versions are shown in Table 2. The sequences were fixed and comparable to those used by Kerr 

& Zelazo, (2004) and Bunch et al., (2007).   
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Table 2 

Gains and Losses for the Forty Cards in the Disadvantageous and Advantageous Decks of the Binary-Gain, Binary-Loss and Ternary 

Versions of the Children’s Gambling Task  

 Card/trial number 

Binary-gain version 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 

Disadvantageous Gains 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

 Losses 0 0 1 0 1 0 1 0 1 1 0 1 0 1 1 0 1 1 0 0 0 1 0 1 0 1 1 1 0 0 1 1 1 0 0 0 1 1 0 0 

Advantageous Gains 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

 Losses 0 0 1 0 1 0 1 0 1 1 0 1 1 0 0 0 1 1 0 1 0 0 0 1 1 1 0 0 1 1 0 0 0 1 1 0 1 0 1 1 

                                          

Binary-loss version                                         

Disadvantageous Gains 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

 Losses 0 0 5 0 5 0 5 0 5 5 0 5 0 5 5 0 5 5 0 0 0 5 0 5 0 5 5 5 0 0 5 5 5 0 0 0 5 5 0 0 

Advantageous Gains 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

 Losses 0 0 1 0 1 0 1 0 1 1 0 1 1 0 0 0 1 1 0 1 0 0 0 1 1 1 0 0 1 1 0 0 0 1 1 0 1 0 1 1 

                                          

Ternary version                                         

Disadvantageous Gains 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

 Losses 0 0 5 0 5 0 5 0 5 5 0 5 0 5 5 0 5 5 0 0 0 5 0 5 0 5 5 5 0 0 5 5 5 0 0 0 5 5 0 0 

Advantageous Gains 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

 Losses 0 0 1 0 1 0 1 0 1 1 0 1 1 0 0 0 1 1 0 1 0 0 0 1 1 1 0 0 1 1 0 0 0 1 1 0 1 0 1 1 
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In the binary-gain version, losses for the advantageous and disadvantageous decks were 

identical, but gains differed. For both decks, each card displayed either zero sad faces or one sad 

face.  In the advantageous deck, each card displayed two happy faces. In the disadvantageous 

deck, each card displayed one happy face.  

In the binary-loss version, gains for the advantageous and disadvantageous decks were 

identical, but losses differed. For both decks, each card displayed one happy face. In the 

advantageous deck, each card displayed either zero sad faces or one sad face. In the 

disadvantageous deck, each card displayed either zero or five sad faces.  

In the ternary-relational version, gains and losses varied between decks. In the 

advantageous deck each card displayed one happy face and either zero sad faces or one sad face. 

In the disadvantageous deck, each card displayed two happy faces and either zero sad faces or 

five sad faces. Thus as shown in Table 3, the variability of the loss values for the 

disadvantageous deck in the ternary CGT was comparable to the binary-relational versions. This 

was not the case in Bunch et al (2007), as shown in Table 1. 
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Table 3 

Gains and Losses for Cards in Decks A and B for the Three CGT Versions  

Version Deck A Deck B 

  Gain Loss Gain Loss 

Binary-Gain 1 0 or 1 2 0 or 1 

Binary-Loss 1 0 or 1 1 0 or 5 

Ternary CGT 1 0 or 1 2 0 or 5 

Note: Deck A is advantageous in the ternary CGT and binary-loss versions. Deck B is 

advantageous in the binary-gain version. 

 

The children were assessed individually at a small table with the experimenter seated 

alongside. The same procedure was used for all three versions of the CGT. Two decks were 

placed face down in front of the child, with a glass cylinder for rewards between the decks. The 

glass cylinder was empty at the outset. The left-right positioning of the decks was 

counterbalanced. A plastic container filled with stickers was positioned next to the experimenter. 

Each child received a sticker to motivate them to play the game. In full view of the child the 

experimenter then counted out ten stickers and placed them into the glass cylinder. This was the 

child’s initial stake. Children were then shown how to play the game.  

Cards 38, 39 and 40 from the advantageous and disadvantageous decks were placed at the 

top of their respective decks and used to demonstrate the game. The experimenter then 

administered six demonstration trials by selecting the three top cards from each deck 
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consecutively. After each card selection one sticker was placed on each of the happy faces on the 

card, then the stickers were transferred into the glass cylinder. The experimenter also announced 

how many happy faces there were on the card and how many stickers the child had won. The 

post-it note covering the bottom half of the card was then removed revealing the sad faces. For 

each of the sad faces, one sticker was removed from the glass cylinder. Each sticker was placed 

on a sad face, and then transferred back into the plastic container next to the experimenter. The 

experimenter also announced how many sad faces were on the card and the number of stickers 

they had to give back. Children were explicitly told that sad faces resulted in loss of stickers, and 

happy faces resulted in receiving stickers. This procedure was repeated for the six demonstration 

trials in each version. The cards used for the demonstration trials were returned to their place in 

the relevant deck for test trials. 

Test trials were administered after the demonstration trials. They were administered in 

the same manner as the demonstration trials. Children were told that they could choose cards 

from either deck. They were reminded that the aim was to win as many stickers as possible. The 

experimenter made it clear that the children could keep the stickers that remained in the glass 

cylinder at the end of the game. Children were unaware of the number of trials. At the end of 

each session, stickers won were placed into a paper bag to be taken home by the child.  

Class inclusion task. The test was drawn from Andrews and Halford (2002). There were 

six displays of colored shapes. The composition of the displays, which were based on Hodkin 

(1987), is shown in Table 4. In each display, the shapes were presented in a straight line across 

the page, in landscape orientation on A4 sized paper. Each display depicted an inclusion 

hierarchy with a superordinate class and two subclasses. The elements of each subclass were 

grouped together on the page. In the display shown in Figure 2, the superordinate class was blue 
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things, the major (more numerous) subclass was circles and the minor (less numerous) subclass 

was triangles. The left-right placement on the page of the major and minor subclasses was varied 

systematically.    

Table 4 

Composition of Displays used in Class Inclusion Task 

Set Number Superordinate Major Subclass Minor Subclass 

1 Circles 4 green circles 3 yellow circles 

2 Triangle 3 blue triangles 2 red triangles 

3 Squares 3 yellow squares 2 blue squares 

4 Green 3 green squares 1 green circle 

5 Red 4 red triangles 2 red squares 

6 Blue 5 blue circles 2 blue triangles 
 

 

For each display, the experimenter first identified the three classes by saying: for example 

using the display in Figure 2, “These are circles, these are triangles, these are blue things” while 

she pointed to the relevant elements of the display slowly and deliberately. Two preliminary 

questions were presented in which the children confirmed that each subclass was part of the 

superordinate class. For example, using the display in Figure 2, “Are all the circles blue things? 

(yes) “Are all the triangles blue things? (yes).   
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Figure 2. An example display for the Class Inclusion task. 

 

The three critical questions were then presented. The subclass comparison questions 

required comparison of the major and minor subclasses, “Are there more triangles or more 

circles? (circles)”. According to Andrews and Halford (2002) subclass comparison is binary 

relational, therefore correct responses (out of 6) to these questions served as the binary-relational 

scores.  The superordinate-major subclass comparison questions are the same as the traditional 

class inclusion items. For example, “Are there more circles or more blue things? (blue things)”.  

According to Andrews and Halford, accurate responses require that the child (a) recognize that 

the superordinate class contains two subordinate classes and (b) represent the ternary relation 

between the three classes. Questions requiring comparison of the superordinate class and the 

minor subclass, “Are there more blue things or more triangles? (blue things)” were also 

administered and responses were used to estimate and correct for guessing responses on the 

superordinate-major subclass questions, following the logic and method of Hodkin (1987). The 

ternary-relational score (out of 6) was calculated by subtracting the number of errors on the 

superordinate-minor subclass (0 to 6), from the number of correct responses (out of 6) to the 

superordinate-major subclass questions. No feedback was provided on the critical questions.  The 

order of the questions comparing the superordinate class with major subclass and those 
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comparing the superordinate class with the minor subclass were systematically varied as was the 

order of mention of the classes within the questions. 

Results 

Children’s Gambling Task. The 40 trials in each version were divided into four 10-trial 

blocks for analysis. The primary dependent measure was the number of choices from the 

advantageous decks. A preliminary analysis revealed no significant differences the binary-gain 

and binary-loss versions of the CGT in the number of choices from advantageous decks. 

Furthermore, version did not interact with trial block or age group. Subsequent analyses were 

conducted on the combined binary-relational score, averaged across the binary-gain and binary-

loss versions of CGT. 

The hypotheses were evaluated using a 3(age group: 3, 4, 5 years) × 2 (complexity) × 4 

(trial block 1- 4) mixed analysis of variance (ANOVA) in which complexity and block were 

within-subject variables and age group was a between subjects variable. Mauchley’s test of 

Sphericity was violated for the trial block variable, therefore the Huynh-Feldt correction was 

applied and adjusted values are reported.  

The analysis yielded significant main effects of complexity, F (1, 43) = 7.71, p < .01, η2 

= .15, trial block, F (2.85, 122.45) = 6.55, p < .001, η2 = .13, and age group, F (2, 43) = 6.83, p < 

.01 η2 = .24, significant 2-way interactions of Complexity × Age group, F (2, 43) = 6.15, p < 

.001, η2 = .22, Trial block × Age group, F (5.70, 122.45) = 6.53, p < .001, η2 = .23, and 

Complexity × Trial block, F (2.27, 97.63) = 2.83, p = .057, η2 = .06, and a significant 

Complexity × Trial blocks × Age group interaction, F (4.54, 97.63) = 4.90, p < .01, η2 = .19, 

which is shown in Figure 3.
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A. Ternary version 
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B. Combined binary versions
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Figure 3. Mean number of advantageous choices (with standard errors) on the ternary-relational 

version (A) and combined binary-relational versions (B) by trail block and age group. 
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The Complexity × Trial block × Age group interaction was partitioned by complexity 

level. For the ternary-relational version (Figure 3A), the main effect of trial block was not 

significant, F (2.59, 111.44) < 1. There was a significant main effect of age group, F (2, 43) = 

9.81, p < .001, η2 = .31, and also a significant Trial blocks × Age group interaction, F (5.18, 

111.44) = 8.19, p < .001, η2 = .28. Advantageous choices decreased across trial blocks for 3-

year-olds, F (3, 42) = 6.66, p = .001, η2 = .32. Advantageous choices increased across trial 

blocks for 4-year-olds, F (3, 42) = 3.11, p = .036, η2 = .18, and for 5-year-olds, F (2.09, 31.48) = 

7.65, p = .002, η2 = .34.  

Single sample t-tests revealed that the 3-year-olds’ means were significantly below 

chance (5) for trial block 3, t (14) = -2.30, p = .037, and trial block 4, t (14) = -4.84, p <.001. The 

4-year-olds’ means were significantly above chance for trial block 3, t (14) = 2.53, p = .024, and 

trial block 4, t (14) = 3.29, p = .005. The 5-year-olds’ means were significantly above chance for 

trial block 2, t (15) = 3.96, p = .002, trial block 3, t (15) = 3.69, p = .002, and trial block 4, t (15) 

= 6.02, p < .001. 

For the combined binary-relational versions (Figure 3B), there was a significant main 

effect of trial block, F (2.79, 120.11) = 12.88, p < .001, η2 = .23. Choices from the advantageous 

deck increased linearly across trial blocks. Neither the main effect of age group nor the Trial 

block × Age group interaction was significant. Single-sample t-tests revealed that the 3-year-

olds’ means were significantly above chance for trial block 1, t (14) = 2.66, p = .019, trial block 

3, t (14) = 2.98, p = .01, and trial block 4, t (14) = 3.40, p =.004. The 4-year-olds’ means were 

significantly above chance for trial block 2, t (14) = 2.74, p = .016, trial block 3, t (14) = 3.56, p 

= .003, and trial block 4, t (14) = 3.80, p =.002. The 5-year-olds’ means were significantly above 
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chance for trial block 1, t (15) = 5.10, p < .001, trial block 2, t (15) = 4.10, p = .001, trial block 3, 

t (15) = 4.82, p < .001, and trial block 4, t (15) = 6.66, p < .001.  

In addition to the group based analyses, the performance of individual children was also 

examined. We determined using the binomial theorem whether each child made more selections 

from the advantageous or the disadvantageous decks across the four trail blocks than would be 

expected based on random responding (assuming an alpha of .05). This was done for the binary- 

and ternary-relational versions of the CGT.  

Table 5 shows the number of children in each age group who met the criterion of 26 or 

more choices of one type out of the 40 trials for the binary and ternary versions of the CGT. 

Second-order applications of the binomial theorem were applied to these frequencies. They 

showed that the numbers of 3-year-olds (5, p < .001) and 4-year-olds (3, p < .05) who selected 

systematically for the disadvantageous deck on the ternary-relational CGT were significantly 

higher than would be expected by chance. Furthermore, the numbers of 4-year-olds (7) and 5-

year-olds (10) who selected systematically for the advantageous deck on the ternary-relational 

CGT were significantly higher than would be expected by chance (p < .0001). A comparable 

analysis applied to the frequencies for the binary-relational CGT showed that the numbers of 3-, 

4-, and 5-year-old children who selected systematically for the advantageous deck were 

significantly higher than would be expected by chance (all p’s < .0001). 
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Table 5. 

Numbers of Children who Chose Systematically from the Disadvantageous or Advantageous 

Deck by Age Group and CGT Version. 

 CGT Version 

 Binary-relational Ternary-relational 

Age group Disadvantageous Advantageous Disadvantageous Advantageous 

3-year-olds 

(n = 15) 

0 6***     5** 1 

4-year-olds 

(n = 15) 

0 7*** 3*      8*** 

5-year-olds 

(n = 16) 

0 11*** 0     10*** 

* p < .05;  ** p < .001;  *** p < .0001 

Correlational and regression techniques were used to evaluate the cross task prediction.  

If the difficulty of the ternary-relational version of CGT is due to its relational complexity, then 

performance on the ternary-relational items of the Class Inclusion task should predict 

performance on the ternary-relational version of CGT, even after controlling for age and the 

performance on the binary-relational versions of the CGT and the binary-relational Class 

Inclusion items. 

The zero-order correlations among the two variables derived from the CGT (numbers of 

choices from the advantageous decks on blocks 3 and 4 of the ternary version and combined 

binary versions), Class Inclusion task (ternary-relational score, binary-relational score), and age 

(in months) are shown in Table 6. As expected, performance on the ternary-relational CGT and 



 26 

class inclusion tasks was significantly and positively correlated with age and there were 

significant positive correlations between the ternary-relational scores for the two tasks.  

Table 6. 

Zero-order Correlations among Children Gambling Task, Class Inclusion Task and Age 

  1. 2. 3. 4. 5. 

1. CGT Binary (blocks 3, 4)  1.00         

2. CGT Ternary (blocks 3, 4)    .30*  1.00       

3. Class Inclusion Binary     .26*   .42**  1.00     

4. Class Inclusion Ternary     .10   .62***   .50**  1.00   

5. Age (months)    .14   .58**   .63***   .73***  1.00 

Mean 13.98 11.56 4.48 0.46 53.15 

Standard deviation   3.55   5.70 1.57 2.47  9.97 

 
 

A standard multiple regression analysis was conducted in which the criterion measure 

was the number of choices from the advantageous deck on blocks 3 and 4 of the ternary-

relational version of CGT.  The four predictor variables were age (in months), the number of 

choices from the advantageous deck on blocks 3 and 4 of the binary-relational version of CGT, 

the binary-relational Class Inclusion scores and ternary-relational Class Inclusion scores.  

Together, these predictors accounted for 46.8% variance in the criterion, F (4, 41) = 9.01, p < 

.001. The ternary-relational class inclusion scores accounted for 7.95% variance independently 

of other predictors. Neither age nor the other variables accounted for significant amounts of 

unique variance. The coefficients are reported in Table 7. 
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Table 7.  

Unstandardised (B) and Standardised (β)  Regression Coefficients, and Squared Semi-Partial 

Correlations (sr2) for each Predictor in the Regression Model Predicting Choices from the 

Advantageous Deck in Trial Blocks 3 and 4 of the Ternary Version of the Children’s Gambling 

Task (N = 46)  

 Predictor variable B β sr2 

CGT Binary (blocks 3, 4) .36 .22 .046 

Class Inclusion Binary  -.06 -.02 .001 

Class Inclusion Ternary    .95* .41 .080 

Age (months) .15 .26 .026 

p < 0.05 

The analysis was repeated after removing three participants with large Cook’s Distance 

values. The variance accounted for increased to 56.1%, F (4, 38) = 12.13, p < 0.001.  The 

ternary-relational Class Inclusion scores accounted for 9.92% variance independently of the 

other predictors. Neither age nor the other variables accounted for significant amounts of unique 

variance. The coefficients are reported in Table 8.
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Table 8.  

Unstandardised (B) and Standardised (β)  Regression Coefficients, and Squared Semi-

Partial Correlations (sr2) for each Predictor in the Regression Model Predicting Choices 

from the Advantageous Deck in Trial Blocks 3 and 4 of the Ternary Version of the 

Children’s Gambling Task (N = 43)  

 Predictor variable B β sr2 

CGT Binary (blocks 3, 4) .28 .17 .027 

Class Inclusion Binary  .21 .06 .002 

Class Inclusion Ternary   1.14** .48 .099 

Age (months) .13 .23 .046 

** p < 0.01 

 

Discussion  

The main purpose of the current study was to determine the extent to which the 

greater difficulty of the ternary-relational version of the CGT as compared to the binary-

relational versions observed by Bunch et al (2007) was due to (i) the greater variability of 

the loss values in the disadvantageous decks of the ternary relational CGT or (ii) the 

higher complexity of the ternary-relational CGT. The variability and complexity 

hypotheses will be evaluated by considering the results of the analyses based on groups 

as well as individuals at each age.   

Consistent with Bunch at al’s (2007) findings, young children succeeded when 

task complexity was reduced. Both the group based analyses and those based on 

individual performance showed that the 3-, 4-, and 5-year-olds were able to select cards 
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from the advantageous deck and avoid the disadvantageous deck on the binary-gain and 

binary-loss versions of the CGT. In these less complex versions, correct selections could 

be based on information about gains alone or losses alone. The children’s success on both 

binary-relational versions demonstrates that they can perform all components of the CGT. 

They were able to identify differences between the decks in gains on the binary-gain 

version and differences between the decks in losses on the binary-loss version.  

What the 3-year-olds could not do was to integrate these differences about gains 

and losses to identify the advantageous deck in the ternary-relational CGT. On this 

version, the 3-year-olds’ selections from the disadvantageous deck increased across 

successive trial blocks, and they made significantly more disadvantageous choices than 

would be expected by chance on blocks 3 and 4. The analyses based on individual 

performances show a similar pattern. The results for the 3-year-olds are strikingly similar 

to those reported by Bunch et al (2007) for the binary and ternary-relational versions and 

by Kerr and Zelazo (2004) for the ternary-relational CGT. In the current study, robust 

differences were observed between performance on the binary-relational and ternary-

relational versions despite the fact that the variability of the loss values in the 

disadvantageous deck was equated for the binary- and ternary-relational versions. This is 

an important finding because it demonstrates that variability is not a viable explanation 

for 3-year-old children’s difficulty on the ternary-relational CGT. 

The group-based analyses indicate that the 4-year-olds in the current study made 

more advantageous choices than would be expected by chance on blocks 3 and 4 of the 

ternary-relational CGT. This is comparable to Kerr and Zelazo’s (2004) 4-year-olds, who 

performed significantly above chance level on blocks 3 and 5. It appears to be somewhat 
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better than the 4-year-olds in Bunch et al’s (2007) study, who performed around chance 

level on blocks 2 to 5. Comparison of the analyses based on individuals across the three 

studies reveals that in all three studies, the number of 4-year-olds who selected 

systematically from the advantageous deck was significantly and convincingly higher 

than chance. However, the actual percentages of children who met the criterion varied 

from 29% (Kerr & Zelazo) to 42% (Bunch et al.) to 53% in the current study. In Kerr and 

Zelazo’s sample there was also a small, though significant number of 4-year-olds (4 of 

the 24 children, 17%) who selected systematically from the disadvantageous deck. This 

was also the case in the current study (3 out of the 15 children, 20%), but not in Bunch et 

al (3 out of 24, 12%). Thus 73% of the 4-year-old children (11 out of 15) responded 

systematically in the current study whereas 54% and 46% did so in Bunch et al (2007) 

and Kerr and Zelazo (2004) respectively. Reducing the variability of the loss values in 

the disadvantageous deck appears to have reduced the number of 4-year-olds children in 

the current study who responded randomly. This appears to have increased the mean 

number of choices from the advantageous decks (Figure 2A) and also the percentage of 

4-year-olds who met the criterion for consistently selecting cards from the advantageous 

deck (Table 5). Thus the 4-year-olds’ data provide some support for the variability 

hypothesis.  

Reducing the variability of the loss values had no beneficial effect for the 5-year-

olds.  Consistent with Bunch et al (2007) the group based analyses indicated that they 

performed above chance level on the ternary-relational CGT. The analyses based on 

individuals showed that the majority of 5-year-olds in both studies selected 

systematically from the advantageous deck. The reason for the discrepancy in the actual 
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percentages (62.5% in the current study versus 83% in Bunch et al’s) is unclear, although 

the smaller sample sizes, and fewer trial blocks in the current study might reduce the 

stability of these tests to some extent. 

Variability of the loss values in the disadvantageous deck is at best a partial 

explanation of young children’s difficulty on the ternary-relational version of the CGT.  

Reducing the variability produced an improvement in performance only for the 4-year-

old children. That the effects of complexity observed by Bunch et al (2007) were still 

apparent for 3-year-olds in the current study is consistent with the interpretation that task 

complexity is a major source of difficulty especially for the 3-year-olds. 

The multiple regression analyses provided converging support for the complexity 

explanation. An independent measure of the ability to process ternary relations (class 

inclusion) predicted performance on the ternary-relational version of the CGT, after 

controlling for performance on binary-relational versions of both tasks and also for age. 

Thus performance on the more complex items of the Class Inclusion task accounted for 

age-related and age independent variance in ternary-relational CGT.  

This finding is consistent with other research that has demonstrated that the 

capacity to process relations of increasing complexity is to some extent domain general. 

For example, Andrews and Halford (2002) demonstrated significant associations in 

children’s performance on tasks from six different cool domains namely, transitivity, 

class inclusion, hierarchical classification, sentence comprehension, hypothesis testing, 

and understanding of counting principles, all of which were analysed as entailing ternary 

relations. Children’s ability to predict the outcome of complex balance scale problems 

(Halford et al., 2002a) and to make property inferences based on the hierarchical relations 
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between classes (Halford et al., 2002b) was significantly related to their performance on 

transitivity and class inclusion tasks. The tasks used in these studies were drawn from so-

called cool domains. Other studies have reported similar findings using tasks from a hot 

domain, Theory of Mind (Andrews et al., 2003; Frye et al., 1995).  

CONCLUSION 

The findings provide limited support for the variability hypothesis and stronger 

support complexity explanations of young children’s difficulty on the CGT. When the 

variability of loss values was equated in versions of the CGT that differed in complexity, 

4-year-olds, but not in 3-year-olds or 5-year-olds showed improved performance. For the 

3-year-olds, the effect of complexity observed in previous research remained significant. 

The complexity explanation was further supported by the finding that an independent 

measure of the ability to process complex relations accounted for age-related variance 

and age-independent variance in performance on the ternary-relational version of the 

CGT. Age-related changes in the complexity of relations that can be processed constitute 

an important constraint on “hot” and “cool” EF development during this period of 

childhood. 
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