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Stimulus Matters: Effects of Familiarity versus Novelty on Inhibitory Control 

Lisa C. Buonomano 
 

ABSTRACT 
 
 
The ability to suppress a prepotent response is a crucial component of cognition that begins to 

develop during infancy and peeks during preschool. As part of understanding how one develops 

inhibitory control, learning about what conditions may help or hurt task performance is of great 

interest. The purpose of this project was to study the effects of familiarity and novelty on 

inhibitory control. Thirty-five preschoolers between two and five years of age were tested in four 

different versions of the Dimensional Change Card Sort (DCCS).  Performance was no different 

among standard, 2D-familiar, and 3D-familiar conditions. When comparing novel with the 

standard condition, children performed worse (37% and 68% respectively). Findings support the 

attentional inertia hypothesis. An exploratory analysis on temperament was also investigated. 

Children who scored higher in effortful control performed better in the 2D-familiar condition
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Chapter 1 Introduction 

1.1 Overview 

We all know the feeling of misplacing something and looking multiple times for it in the 

same place to no avail. Despite knowing it cannot be there, we still have a hard time inhibiting 

our desire to look yet once again. In other situations, inhibiting certain behavior is more 

important rather than just annoying. From a fairly early age, most of us learn the importance of 

suppressing undesired behaviors, whether for cultural, social or self-preserving reasons. The 

capability to overcome a dominant response, regardless of circumstance, is a crucial component 

in every aspect of our lives.  

I am interested in understanding the development of this part of cognition and ways that 

we can optimize its learning process in preschoolers. Individual differences in prefrontal cortex 

maturation (Bunge & Zelazo, 2006), language proficiency, and temperament (Wolfe & Bell, 

2004) have all been shown to impact the development of inhibitory control. These findings 

suggest that there are multiple pieces that need to come together in understanding the inhibitory 

control puzzle. Most recently, novelty has been shown to influence inhibitory control (Yerys & 

Munakata, 2006). The ability to respond flexibly to a task is dependent on not only what one 

brings to the task but also the context in which the task is given. I propose that the type of 

stimulus (novel or familiar) matters in inhibitory control. I was also interested in exploring 

whether child’s temperament plays a role in differences in performance.  

 The goal of this study was to investigate preschoolers’ performance on an inhibitory 

control task with novel versus familiar stimuli. Are there children who consistently perform 

better on a task with familiar objects rather than novel ones? Can we optimize inhibition task 
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performance by changing the type of stimulus? Will some children with a certain type of 

temperament show increased performance on certain tasks that have familiar stimuli, whereas 

other children with other types of temperament show increased performance with novel stimuli? 

To other children, does the type of stimulus even matter?  

The importance of these questions is crucial when looking at the possible implications 

outside of the laboratory setting. If indeed some children show better performance on tasks that 

have familiar or novel stimuli, then there is great potential to optimize learning for children who 

may be having difficulties. Individual differences in children may indicate that they can learn 

better under certain conditions and that we need to learn what those conditions are. I propose that 

individual differences in preference for familiarity or novelty may lead to individual differences 

in performance on inhibitory control tasks and, thus, may dictate how we can optimize learning 

for different groups of children. Some children may do better in an environment with new 

materials (like toys and books) that are changed and replaced often; whereas other children may 

do better by being exposed to the same materials over and over. Learning which circumstances 

make it easier or harder for children to control their behavior is of great importance for early 

childhood education in design of curriculum and classroom practices. 

1.2 Inhibitory Control 

 Inhibitory control is one of many executive function skills that develops during the 

preschool years. There is still some disagreement on exactly what constitutes executive function, 

but there is some agreement that it includes the ability to construct and use a specific sequence of 

actions, focus and sustain attention, cognitive and behavior flexibility, self-monitoring, detecting 

errors in the midst of a task, and being able to inhibit inappropriate responses (Rennie, Bull, & 

Diamond, 2004). Literature from behavior (e.g., Diamond, Carlson & Beck, 2005), 
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electrophysiology (e.g., Wolfe & Bell, 2004), and cognitive neuroscience (e.g., Bunge and 

Zelazo, 2006) research all agree that between the years of two and five, children are learning to 

select task-appropriate responses and then, driven by a change in task demand, shift their 

response accordingly. Although the ability to suppress a dominant response is developing during 

the preschool years, inhibitory control can be appreciated throughout the lifespan.  Even in 

adults, the challenges of inhibitory control become clear in the Stroop task. Because we respond 

more quickly to reading rather than naming colors, we will more readily say “green” rather than 

“blue” when given conflicting stimuli: the word “green” written in blue ink. Naming the color 

requires effort to inhibit our natural reading response. 

The inhibitory task that I focused on has been studied extensively with preschool children 

and is called the Dimensional Change Card Sort (DCCS). There have been multiple studies using 

the DCCS task in an attempt to better understand what specifically causes preschoolers to 

perseverate. The DCCS is an inhibitory control task that tests children’s ability to sort cards on 

one dimension (e.g., color) and then switch rules and sort on a second dimension (e.g., shape). In 

addition to sorting test cards, there are two target cards above the sorting trays that have the 

opposite color than the test cards. Most 3-year-olds, contrary to 4-year-olds, have difficulty 

switching from the first rule to the second; they perseverate on the pre-switch rule. This occurs 

despite the child being reminded of the new rule prior to each sort. Diamond and Kirkham (as 

cited in Diamond et al, 2005) hypothesize that the difficulty seen with 3-year-olds with switching 

from one dimension to the other is due to the inability to think from two different perspectives. 

Once a child thinks about a picture as a car then they are no longer capable of thinking about that 

picture as something else. 
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There have been many studies that have attempted to find what exactly causes children to 

perseverate. A brief summary of the current findings will be discussed below. The focus is on 

variations of the DCCS, all of which have been found to increase success rate on this task at an 

earlier age.  For a detailed description of this task see the Appendix (Towse et al., 2000).  

Perner and Lang (2002) found that success on the DCCS was greatly increased if the 

target cards were replaced by puppets. Instead of using the standard target cards that always 

clash on one dimension whether in the pre or post-switch, they used a puppet that expressed its 

desire for a given card (e.g., pre-switch: puppet Donald wants red cards whereas Mickey wants 

the blue ones; post-switch: Donald wants flowers and Mickey wants the cars). In addition, they 

also found that reversal-shift also increased 3-year-olds’ performance (more than 85 % correct). 

In this case, both target and test cards varied on only one dimension: shape (all cards were the 

same color). During the pre-switch phase, the children sorted as usual (flowers go with the 

flower target and cars go with the car target). In the post-switch phase, the task was reversed and 

the children were told to put the flower test cards with the car target cards and vice-versa. Based 

on these two studies, they found that part of the challenge for 3-year-olds was the presence of 

target cards and sorting on two dimensions instead of one.  

Kloo and Perner (2005) created a version of the DCCS where the two dimensions of 

color and shape were separated. In this condition, the target cards were the same as the standard 

version but the test cards contained a picture of an outline of a banana and a blue circle beside it. 

Another similar version was performed by Diamond and colleagues (2005), in which the color 

dimension was not part of the picture but was part of the background. For instance, the test cards 

had the shape (flower or car) with the color in the background (red or blue). In both of these 
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studies, 3-year-olds performed significantly better during the post-switch than in the standard 

DCCS version.  

As one can imagine, there has been a multitude of hypotheses that have attempted to 

explain the results of these and other DCCS studies. The most recent findings support the 

attentional inertia hypotheses (Diamond et al., 2005). According to the authors, the reason 

children perseverate on the pre-switch phase is because once they focus on one dimension they 

have difficulties changing their focus to the other dimension. Therefore, the difficulty lies in 

disengaging from the initial mindset (the “blueness” of the object) to thinking about the 

“carness” of the object. Diamond and others (2005) show that children’s performance will 

improve simply by making the color a feature of the background rather than a feature of the 

object. Therefore, children are able to attend to both features of the picture (color and shape) 

without needing to change their mindset.  

All of these studies show that there are many variations in this card-sorting task that 

allow for better performance at an earlier age.  Furthermore, they suggest that there is more than 

one reason why children perseverate. In addition to the studies mentioned, a factor that has been 

overlooked is the notion of familiarity or novelty with the stimulus. To date, with the exception 

of one study (that I am aware of), the stimulus used for the DCCS have all been limited to 

pictures of familiar objects on cards. All of the conclusions reached so far on children’s 

development of inhibitory control using this task have been derived from their capability to sort 

standard pictures. To truly understand the nature and development of inhibitory control, one 

must look beyond pictures of flowers, cars, or bananas. Children grow up in a complex and 

constantly changing environment and learning how to control and suppress their behavior has to 

take into account such environment: is it something they have used and interacted with everyday 



 

 6 

or is it something they’ve never seen? Does that affect their ability to control their behavior and 

if so, how?  

1.3 Familiarity or Novelty 

 After extensive literature review, very few studies were found that are relevant to this 

notion of familiarity and novelty of a given stimulus in the context of inhibitory control. On the 

other hand, there has been considerable work done on novelty in other areas. First, a few studies 

will be briefly reviewed to show that familiarity or novelty do have implications in different 

domains. Lastly, a study found to address novelty and inhibitory control will be discussed. 

Serpell (1979) studied perceptual abilities with children and found that English children 

performed better on a drawing task whereas Zambian children performed better on a wire-

shaping task. He therefore found that children performed better on tasks that involved materials 

that were familiar to them. English children are raised in an environment where drawing is 

encouraged; Zambian children, instead of being exposed to drawing, are raised around people 

who shape wires. This simple study with intuitive results shows the importance of cultural 

differences on perceptual abilities and thus how familiarity with the stimulus impacts a given 

task.  

In a study with adults, Malinowski and Hubner (2001) found that familiarity affects 

visual-search performance. They tested German and Slavic participants’ ability to distinguish 

between familiar and novel stimuli. The stimulus was the letter N and its mirror image. For both 

groups the letter N was familiar but mirror-N was only familiar to the Slavic participants (since 

the mirror image of N is a letter in the Cyrillic alphabet). Both groups had to search for N among 

mirror-Ns and vice-versa. The results showed that only the German group had difficulty with the 

search because they had to distinguish between a familiar and a novel stimulus that were very 
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similar. For the Slavic participants, having been raised seeing both N and mirror-N, facilitated 

their search because they were familiar with the stimuli. These findings support the notion that 

familiarity does affect visual processing (Malinowski & Hubner, 2001).  

In the clinical world, novelty has been shown to impact degree of anxiousness. In the face 

of distress to novelty, having good attentional control at 6-months results in less anxious 

behavior at 2½ years; whereas, withdrawing from the distress during infancy, results in increased 

anxiousness as a toddler (Crockenberg & Leerkes, 2006). 

Most recently, a study done by Yerys and Munakata (2006) on inhibitory control found 

that novelty helps children’s ability in a similar card-sorting task to the DCCS. To test for 

novelty, the authors modified the standard shapes and colors by using odd shapes and odd colors 

and giving them nonsense names.  For example, for the shape-game they created a cloud-like 

shape, called “dax”, and a jagged shape, called “gub”. For the color-game they created novel 

colors by using stripes, naming it “flirp”, and using polka-dots, naming it “bunt”. The results 

showed that children sorting under the novel condition perseverated less when compared to the 

standard version of the card-sort. This last study is the most relevant and important to this 

proposal. Not only did Yerys and Munakata find that novelty does increase performance on their 

card-sorting task, they also offered a sound explanation for such. Their graded-competing 

representations framework is based on information being represented and remembered as either 

active or latent. The difference between perseverating or not on a task is driven by what kind of 

representation is present (active or latent) and how strong it is. If it is a strong active 

representation then flexibility will result and perseveration will not occur. On the other hand, if 

there is a strong latent representation overriding an active representation, perseveration will 

occur. The notion of active and latent representations comes from the study of neural network 
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models and competing memory systems. As Yerys and Munakata stated: “when currently 

relevant information conflicts with previously relevant information, working memory and habit 

systems may compete with one another. Perseveration occurs when habits are stronger than 

working memories, whereas flexible switching is observed when working memories are stronger 

than habits” (p. 1590). Therefore when children are introduced to a novel stimuli, the authors 

argue that because the stimuli is unfamiliar, there should be a weak latent representation since 

the information has not been processed multiple times. 

These studies show that the familiarity or unfamiliarity of a stimulus is relevant when 

using cognitive tasks to study development. The point is that despite the lack of investigation in 

this domain, there is enough evidence to support that familiarity and novelty can affect the 

outcome on cognitive tasks and therefore must be thoroughly explored.    

What is interesting to note from the above review is that in the first two studies, being 

familiar with the stimulus improved performance; whereas with the card-sorting task, familiarity 

decreased performance. In the first two we are dealing with visual and perceptual tasks, while in 

the last one with an inhibitory task. That last finding seems to be counterintuitive; one might 

assume that being familiar with objects in the sorting task would help rather than hurt 

performance. This further argues for the need to research the complex interactions between 

perceiving something as familiar or novel and the role that plays in different aspects of cognition. 

For the purpose of this project, I chose to focus on just inhibitory control but would strongly 

argue that these questions about novelty versus familiarity should not remain limited to 

inhibitory control; these same questions might be very relevant in other aspects of cognition. 

1.4 Questions about Individual Differences in Temperament 
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As part of studying behavioral preferences for familiar or novel stimuli, I was interested 

in exploring whether temperament would play a role in these findings. Previous research has 

shown that temperament is related to cognition in that certain traits are correlated with increased 

performance in different types of cognitive tasks (Wolfe & Bell, 2004). Furthermore, researchers 

agree that temperament is becoming an important measure in research on many different aspects 

of individual differences (Kochanska, Murray, & Coy, 1997). Rothbart and Bates (1998) define 

temperament as individual differences in reactivity and self-regulation. Reactivity refers to the 

differences in arousability of motor activity, emotion and orienting, whereas self-regulation is the 

ability to activate the regulation of these processes (Rothbart, Ahadi & Evans, 2000). In other 

words, temperament refers to both behavior and attentional capabilities that begin to develop in 

early infancy. Individual differences in these abilities have been shown to influence task 

performance in many cognitive tasks. 

Current literature with 4-year-olds supports that individual differences in temperament 

are associated with cognitive processes and more specifically, inhibitory control (Wolfe & Bell, 

2004). For instance Wolfe and Bell found associations between laboratory measures of working 

memory and inhibitory control and the CBQ scales of attentional focusing (positive correlation), 

inhibitory control (positive correlation), and anger/frustration (negative correlation). In another 

study with preschoolers, DCCS performance was found to correlate positively (before 

controlling for age) with the construct of effortful control defined by the temperament scales of 

low intensity pleasure, inhibitory control, perceptual sensitivity, and attentional focusing 

(Hongwanishkul, Happaney, Lee, & Zelazo, 2005). Yet in a third study, positive correlations 

were found between multiple inhibitory control tasks and the temperament scale of inhibitory 

control; a negative correlation was also found between these same inhibitory control tasks and 
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the temperament scale of impulsivity (Kochanska, Murray, Jacques, Koenig, & Vandegeest, 

1996). 

All of the above studies support the notion that temperament in many ways relates to 

certain components of cognition. Because of these findings, I was interested in looking at 

children’s performance on familiar or novel stimuli and whether children with dissimilar 

temperament would perform differently. Because I did not find any literature that looked at 

temperament and preferences for familiar or novel stimuli, the purpose here was to explore any 

potential relationships. Although no specific hypothesis was proposed, the focus was on the three 

temperament factors of surgency, negative affectivity, and effortful control.  

1.5 Hypothesis 

I proposed that children would perform differently based on the type of stimulus on an 

inhibitory control task. Specifically, I hypothesized that children’s performance would be best in 

the novel version, followed by the standard one, and would do worse in the familiar version.  
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Chapter 2 Method 

2.1 Participants 

Complete data were obtained from 37 children. One child was dropped from the study 

because he was unable to sort during any of the pre-switch conditions. Another child who was 

5½ years in age was considerably older than the rest of the group, so his data were removed from 

analyses. A total of 35 children (18 girls and 17 boys) between 2 and 5 years of age (M = 42.8 

months) were used in the final analyses. Three of these children showed a side preference bias 

(e.g. put all the cards in the left basket) during the post-switch phases in one of the four 

conditions. These children were removed from analyses of those specific tasks. Overall, the total 

available data were the following: standard (n = 34), 2D-familiar (n = 34), novel (n = 35), and 

3D-familiar (n = 34). 

The data were gathered from two different locations: the Child Development Center for 

Learning and Research (n = 16) and the Cognition, Affect, and Psychophysiology lab (n = 19), 

both at Virginia Tech. For some of the data analyses, children were split into two groups to show 

age trends as seen in the literature (see Perner & Lang, 2002 or Diamond, et al., 2005): 20 

children between 25 and 43 months (M = 37.0 months) and 15 children between 46 and 59 

months (M = 50.5 months). Figure 1 shows the age distribution. There were no children between 

43 and 46 months, thus the decision to use these age groupings even through they resulted in 

uneven group sizes. 

Performance during pre-switch trials was used only to determine eligibility for the post-

switch phase. There were children who did not sort 100% correctly during the pre-switch. One 

child sorted two and another sorted three out of six pre-switch cards correctly. According to 
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Zelazo, Frye, and Rapus (1996), even after sorting one card correctly during the pre-switch 

phase, children still perseverate during the post-switch phase. The remaining 33 children sorted 

correctly at least four out of the six pre-switch trials. 

Previous research on the DCCS using a repeated measures design resulted in a large 

effect size when comparing integrated-dimensions with separate-dimensions (calculated effect 

size = .6; Diamond et al., 2005).  For an expected large effect size, with .80 power and alpha of 

.05, a sample size of 28 per group is needed for ANOVA between-subjects analyses (Cohen, 

1992). Because this is a within-subjects design, only half the sample size is required for the same 

effect size (Whitley, 2002). 

For the children enrolled at the Child Development Center for Learning and Research 

(CDCLR) at Virginia, a consent form was sent to all parents asking for permission for their child 

to participate in this study. Once parent consent was given, the children were invited during 

school hours into a room located in the center with a table and a video camera (with permission 

from both the teacher and the child). Verbal consent from the child was obtained and the task 

was administered.  

For children seen at the Cognitive, Affect, and Psychophysiology (CAP) lab, letters were 

sent, followed by phone calls, to families who had previously shown interest in participating in 

research projects. Among those interested in this project, appointments were scheduled for both 

parent and child to attend the CAP lab. After parental consent and child assent were given, the 

task began. 

2.2 Procedure  

A total of four different versions of the DCCS were implemented: standard, 2D-familiar, 

novel, and 3D-familiar. To guard against a potential order effect, the type of stimulus (standard, 
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2D-familiar, novel, and 3D-familiar) was counterbalanced. To minimize the number of 

counterbalancing conditions, a Latin square design was used. Four sequences were implemented: 

1) standard, 2D-familiar, novel, 3D-familiar; 2) 2D-familiar, novel, 3D-familiar, standard; 3) 

novel, 3D-familiar, standard, 2D-familiar; and 4) 3D-familiar, standard, 2D-familiar, novel. Each 

child was randomly assigned to one of these sequences. The final distribution of number of 

children for each sequence was: sequence 1 (n = 9), sequence 2 (n = 11), sequence 3 (n = 8), and 

sequence 4 (n = 7).  

2.2.1 DCCS - Standard 

Children were seated at a table with two trays with attached target cards (see Figures 2 

and 3) with a picture of a red flower and a blue car. There were 12 test cards, half with red cars 

and the other half with blue flowers (see Figures 4 and 5). The children were asked to sort six 

pictures by color (pre-switch: red and blue) and if they succeeded they were asked to sort another 

six pictures by shape (post-switch: flower and car). Color and shape were counterbalanced. The 

dependent variable was the number of cards that the child sorted correctly at post-switch.  

2.2.2 DCCS – 3D-Familiar  

To achieve a stronger degree of familiarity in the card sorting tasks, a DCCS version was 

created that consisted of sorting actual objects, which were assumed to be very familiar to all 

children. To satisfy this requirement, plastic forks and spoons were chosen to represent these 

familiar objects. In our culture, most infants have been eating solids well before their first 

birthday. Undoubtedly, by 2 years of age, children have had plenty of opportunities to experience 

these objects and to use them themselves. There are not many other objects that one can think of 

that are as familiar, prevalent, and consistent in our culture to this age group.  
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In this version, the procedure was identical as with the standard version, but instead of sorting 

into trays, tubes were used with the attached target utensils. The purpose of the tubes, as with the 

trays, was to take the object out of sight after it was sorted. Children were given 12 plastic forks 

and spoons to sort. As with the card version, the children were asked to sort six of the utensils by 

shape (pre-switch: forks and spoons) and then asked to sort six by color (post-switch: red and 

yellow). Dimension order administered first was counterbalanced. 

2.2.3 DCCS – 2D-Familiar  

Because the familiar version involved sorting objects rather than pictures of objects, a 

familiar version was created with cards. The point was to find whether there might be a 

difference in performance due to the type of material being sorted. For this version, pictures of 

colored forks and spoons were used. Children were asked to sort 12 cards. As with the card 

version, children were given six of the cards to sort by shape (pre-switch: pictures of forks and 

spoons) and then asked to sort six by color (post-switch: green and orange). Dimension order 

was again counterbalanced. See Figures 6 through 9 for the target and test images. 

2.2.4 DCCS – Novel  

For the novel version, two abstract images with odd colors (e.g., a shade of gray and 

purple) and odd shapes were created. Each of the shapes and colors were given a nonsense word 

(e.g., “flirp” and “nust”). For the pre-switch children were asked to sort six cards based on color 

(pre-switch: “flirp” and “nust”) followed by six other cards based on shape (post-switch: “dax”, 

“gub”). The rest of the procedure was exactly the same as described previously. See Figures 10 

through 13 for the target and test pictures. 

2.2.5 Child Temperament 
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 In addition to measuring performance on these inhibitory control tasks, temperament was 

assessed via parental report. The parents were asked to complete the short-version of the 

Childhood Behavior Questionnaire (CBQ). CBQ contains 94 items to assess different 

temperament dimensions. Parents rated their child’s behavior on a 7-point Likert scale. Rather 

than focus on all 15 scales, the three factors of surgency, negative affectivity, and effortful 

control were considered. Surgency was scored by combining the scales of activity level, high-

intensity pleasure, impulsivity, and shyness reversed. Negative affectivity was calculated by 

averaging anger, discomfort, fear, sadness, and soothability reversed. Effortful control was 

scored by averaging attentional focusing, inhibitory control, low-intensity pleasure, and 

perceptual sensitivity.  
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Chapter 3 Results 

3.1 Preliminary 

Examination of the number of correct responses in the four conditions showed that 

performance was primarily bimodal (see Figure 14). Children were, for the most part, right or 

wrong on the post-switch trials; this is consistent with the present literature (e.g., Rennie et al, 

2004). Given this distribution, the number of correct responses on each of the conditions 

separately was recoded as a dichotomous variable: pass or fail. To be considered as having 

passed the task, the child had to correctly sort at least five of the six post-switch cards (Munakata 

& Yerys, 2001; Brace, Morton, & Munakata, 2006). Based on this criterion, 68% of children 

passed the standard condition, 59% passed 2D-familiar, 37% passed novel, and 59% passed 3D-

familiar version. 

3.2 Performance Differences based on Stimulus Type 

The hypothesis was that children would perform differently based on the type of stimulus 

on the inhibitory control task. Specifically, I hypothesized that children’s performance would be 

best in the novel condition, followed by standard, and worse in the familiar condition. Because 

the distribution of the dependent variable in all four conditions was non-normal, nonparametric 

analyses were conducted (e.g., Rennie et al., 2004).  To test for pairwise comparisons in a 

within-subjects design with dichotomous outcomes, the McNemar was used to check for all six 

possible combinations (e.g. Rennie et al, 2004). Tables 1-6 show the number of children who 

passed or failed under the different pairwise comparisons. The results reveal that children did no 

better in post-switch performance when comparing standard, 2D-familiar, and 3D-familiar 

(standard vs. 2D-familiar, standard vs. 3D-familiar, and 2D-familiar vs. 3D-familiar), all ps=ns. 
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For instance, looking at Table 1, there were 7 children who passed standard while failing 2D-

familiar, whereas 5 children passed the 2D-familiar but failed standard. In other words, children 

were equally likely to pass one and fail the other. For Table 2 we see the same pattern, 6 children 

passed the standard and failed the 3D-familiar version while 4 passed 3D-familiar but failed 

standard. The same is true for Table 3, 7 children passed only 2D-familiar compared to 6 

children passed only 3D-familiar version. There were also no statistically significant differences 

between novel versus 3D-familiar and novel versus 2D-familiar (see Tables 4 and 5 

respectively). The only significant finding is seen in Table 6. Just 1 child passed the novel 

version and failed the standard, whereas 11 children passed the standard but failed the novel 

condition (p=.006). In other words, children were more likely to fail under the novel condition 

compared to standard. 

3.3 Performance Differences based on Age, Gender, and Dimension Order 

A Latin-square design was used to control for sequence order effects.  Additional 

analyses were completed to investigate whether any confounding variables like age, gender, and 

dimension order (color vs. shape) had an effect on children’s performance.  Chi-square analyses 

were used to look at age between-subjects for each of the conditions. Results revealed that for all 

four conditions, age had a significant effect on performance, as expected from the current 

research. Older children (46-59 months; n = 15) did better than younger children (25-43 months; 

n = 20) in every condition: standard, χ2 (1, 34) = 8.09, p=.004 (see Table 7); 2D-familiar, χ2 (1, 

34) = 3.83, p=.050 (see Table 8); novel, χ2 (1, 35) = 5.87, p=.015 (see Table 9); 3D-familiar, χ2 

(1, 34) = 8.59, p=.003 (see Table 10). A Cochran’s test showed that among the younger children 

there were no differences in post-switch performance within the four versions, Q(3, 18) = 3.82, 
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p=.282. The same was true among the older children, Q(3, 14) = 4.57, p=.207. Therefore, age did 

not interact with performance on any of the four conditions.  

To test for gender differences, chi-square analyses were performed with gender as the 

between-subjects variable for each of the four conditions. The chi-square values for standard, 

2D-familiar, novel, and 3D-familiar were all non-significant (see Tables 11, 12, 13, and 14). To 

investigate differences in performance within gender, Cochran’s test was used: among the boys, 

there were no differences in post-switch performance between all four versions, Q(3, 16) = 3.00, 

p=.392. Among the girls, the difference in performance was not statistically significant, Q(3, 16) 

= 7.44, p=.059.  

To determine whether dimension order affected the outcome, chi-square tests were 

carried out. Which dimension was presented first, shape or color, did not affect performance in 

the standard condition, χ2 (1, 34) = .012, p=.914 (see Table 15). Under the 2D-familiar version, 

no difference was found, χ2 (1, 34) = 1.40, p=.238 (see Table 16). There was also no difference 

in performance under the novel condition, χ2 (1, 35) = 2.63, p=.105 (see Table 17). On the other 

hand, the 3D-familiar condition had 7 children who passed post-switch sorting color first, 

compared to 13 children who passed and sorted shape first. Moreover, 11 children failed by 

sorting color first, whereas only 3 failed by sorting shape first, χ2 (1, 34) = 6.28, p=.012 (see 

Table 18). 

3.4 Performance Differences based on Temperament  

Finally, to address the exploratory question on temperament, MANOVAs were carried 

out with the three temperament factors of surgency, negative affectivity, and effortful control as 

within-subjects; the between-subjects was the pass/fail performance group for each of the four 

conditions: standard, 2D-familiar, novel, 3D-familiar. The variable of interest was the interaction 
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between temperament and post-switch performance (see Table 19 for mean scores). The first 

MANOVA on the standard version resulted in no interaction F(2, 34) = .034, p=.966. The 2D-

familiar interaction with temperament factors showed a significant result F(2, 34) = 4.42, 

p=.020. The last two MANOVAs for novel condition, F(2, 35) = 1.68, p=.203, and 3D-familiar 

condition, F(2, 34) = .198, p=.822, showed no interactions. To further assess which temperament 

factors were found to affect DCCS performance on the 2D-familiar version, three ANOVAs 

were carried out with the three temperament factors of surgency, negative affectivity, and 

effortful control as the dependent variables; the independent variable was the pass/fail 

performance in the 2D-familiar condition. Children who passed scored higher in effortful 

control, F(1, 33) = 7.86, p=.009 (see Table 19). 
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Chapter 4 Discussion 

4.1 Findings 

Novelty had been predicted to increase the post-switch DCCS performance. Results 

showed that novelty decreases performance when compared to the standard DCCS condition. 

Furthermore, there were no differences in performance between 2D-familiar, 3D-familiar, and 

standard conditions. These results add to the literature in that inhibitory control did not seem to 

be affected by differences in familiar objects, whether they were pictures (2D) or objects (3D). 

On the other hand, consistent with previous findings, novelty did influence inhibitory control. 

But contrary to Yerys and Munakata’s (2006) findings, novelty in this case, increased 

perseveration. Given these contradictory results, it is important to investigate possible reasons for 

these dichotomous results. I will focus on two imperative points that may help explain the 

differences in the two findings. 

The first point is that Yerys and Munakata had a slightly different version from the 

standard DCCS task. In their study, they used the partial-partial change (PPC), which has been 

shown to facilitate post-switch performance (Zelazo, Mueller, Frye, & Marcovitch, 2003). The 

difference between the two versions is in the stimuli used during the pre-switch phase. Instead of 

having both color and shape match the target cards, they only match on the one dimension that 

will be sorted. For instance, if playing the shape game with a blue truck and red flower as the 

target cards, the stimuli cards would be a yellow truck and a green flower. In this way, during the 

pre-switch, only one dimension was matched rather than two (shape was matched while color 

was not). On the other hand, during the post-switch phase, both dimensions were matched as 

seen in the standard DCCS version. In this example, during post-switch the child would be asked 
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to sort based on color. The target cards (blue truck and red flower) would be the same but the 

stimuli cards would differ from pre-switch: blue flowers and red trucks (Yerys & Munakata, 

2006). According to Yerys and Munakata (2006), they decided to use the PPC change sort 

because, in their pilot study, there was a potential for a floor effect in post-switch performance. It 

is interesting to note that they were working with three-year-olds, which is within the age range 

for administering the DCCS task. If in fact novelty helps inhibitory control, why would they 

have a floor effect in their manipulation of the standard DCCS task? One possible explanation 

for my opposing finding may have to do with differences in the task itself. If both tasks were 

believed to be measuring the construct of inhibitory control, one would not expect to have 

conflicting results.  

 The second point, and most important one, has to do with how novelty is being 

operationalized in the DCCS task. In the PPC, novel words were used only during the pre-switch 

phase (whether it be color or shape). During the post-switch, the child was actually sorting a 

familiar color or shape (e.g. not needing to learn a novel word). To clarify this distinction, an 

example for the novel PPC from Yerys and Munakata (2006) is provided. Pre-switch, sorting by 

shape, introduced novel words for two novel shapes: “nust” and “dax”; colors for all target and 

stimuli differ. Post-switch, now sorting by familiar colors: red and blue; novel shapes remain the 

same. In close analysis, I would argue that this is not a true novel version of the task. It is a 

partial novel version since novelty was only introduced during the pre-switch phase. In fact, in 

the post-switch, it was all about familiarity. After being introduced to novel words for novel 

shapes, the child was given a familiar word (truck or red) to sort in the post-switch. Because the 

variable of interest was the number of cards sorted during the post-switch, it seems odd that this 

was considered a novelty task when both novel and familiar words were introduced. Is the novel 
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version of the PPC about novelty or about reinforcing familiarity? It seems that by introducing 

novelty only during the pre-switch, one is setting the stage so the child will be less likely to 

perseverate on something they have just learned.  Furthermore, Yerys and Munakata’s theory of 

graded-competing representations intuitively makes sense because, based on how the task is 

designed, active representations would overpower latent representations leading to flexibility. In 

other words, something that is familiar and ingrained like “red” or “truck” will most likely win 

over a latent newly acquired word. So was this a true novelty test? Can the graded-competing 

representations theory be applied to the standard DCCS? I would venture to say no. The results 

found herein support this.  

 Based on the two points mentioned above, the question becomes: were the differences in 

the results attributed to the different type of tasks (DCCS compared to PPC) or on how novelty 

was being tested in each of them? I would offer that it has more to do with how novelty was 

being tested than the task per se. To clearly disentangle these, one would design an experiment 

with the DCCS and with novelty only as a component of the pre-switch phase, as done in the 

PPC. I would suggest that the results of this would show that performance on post-switch would 

in fact improve, as found by Yerys and Munakata in the PPC. Furthermore, the graded-

competing representation theory would be applicable. It makes intuitive sense that asking a child 

to sort with novel pictures (e.g. novel shapes) during the pre-switch phase and then switching to 

sorting on something familiar (e.g. familiar colors) will result in better performance (as 

explained by the graded-competing representations theory). I propose that this is different than 

sorting novel shapes and novel colors for both pre-switch and post-switch. I would also propose 

that sorting novel shapes and colors in the DCCS does indeed increase the demands on inhibitory 

control, as found by the current results.  
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To address the question on why novelty might negatively impact DCCS performance, it 

is helpful to mention some of the literature on novelty preferences in infancy. Infants tend to 

prefer novel rather than familiar stimuli (e.g., Richards, 1997).  In fact, most of the procedures 

done with infants take advantage of their attentional preference for novelty. The paired-

comparison procedure consists of familiarizing the infant with an image and then showing that 

image paired with a novel one. Most infants will attend to the novel image more readily than the 

familiar one (Burack & Enns, 1997; Fagan, 2000). Based on this literature it is safe to say that 

novelty will continue to draw attention in older children. In the DCCS, novelty therefore might 

be eliciting more attention during the pre-switch phase compared to the familiar version. By 

having increased attention during pre-switch, one can further suggest, that this increased 

attention will make it harder to switch attention to something new. Although the post-switch 

introduces another novel dimension (color or shape), the child is already “stuck” on attending the 

previous dimension so he or she is not able to switch their attention. I believe attentional inertia 

hypothesis (mentioned in the Introduction) is ideal in explaining these current findings. 

According to Rennie, et al. (2004), attentional inertia is believed to be the reason why children 

fail the standard DCCS. Three-year-olds are not able to break their attentional focus on the initial 

sorting dimension because they lack sufficient inhibitory control of attention. The authors argue 

that children are ready to sort correctly just prior to seeing the post-switch stimulus: they know 

and understand the new rules. The difficulty lies in redirecting their attention to a new sorting 

dimension when the previous dimension is still present. If in fact, the problem is in disengaging 

from one mindset to the next, it makes sense that novelty would increase the demands on 

inhibitory control, since there is a higher activation for attention to begin with.  
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In their most recent finding, Jordan and Morton (2008) found that the use of flankers in 

the DCCS aids 3-year-olds’ post-switch performance. Children were administered the standard 

computerized version of the DCCS with flankers that were either congruent or neutral during the 

post-switch. If the post-switch was to sort blue and red colors, a vertical red and blue bar was 

displayed beside the sorting cards; if the child was to sort rabbits and trucks, the flankers 

consisted of a rabbit and truck silhouette. In the neutral condition, a vertical or horizontal bar was 

displayed beside the test stimuli. Children in the congruent condition were much more likely to 

pass the post-switch compared to the children in the neutral condition (72% versus 28%). 

According to Jordan and Morton, attentional inertia theory helps explain these findings because 

the flankers help redirect attention to the new dimension. Attentional inertia happens because 

children have difficulty switching their attention from one dimension to the next when there is 

conflicting information.  Furthermore, increasing the salience of the first dimension has been 

shown to increase perseveration, whereas increasing the salience of the second dimension 

increases flexibility (Kirkham, Cruess, & Diamond, as cited in Jordan & Morton, 2008). In the 

findings presented herein, novelty pulls for attention during the pre-switch, this should increase 

the salience of the given dimension making it harder to pull attention away during the post-

switch. In sum, I believe the primary finding in this study, that novelty increased perseveration, 

is not only a solid addition to the literature on inhibitory control but also supports the attentional 

inertia hypothesis. 

 It is important to also address the secondary findings. Some of these additional results 

presented confirm previous outcomes in the literature. Older children perform better than 

younger children: most 3-year-olds fail whereas most 4-year-olds succeed (e.g., Zelazo, 2006; 

Perner & Lang, 2002). Data presented here support the notion that older children tend to do 
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better than younger ones. In each of the four conditions, standard, 2D-familiar, novel, and 3D-

familiar, older children were more likely to pass post-switch compared to the younger children. 

As defined by the attentional inertia perspective, perseveration is linked to attention inhibition, 

which is linked to age (Jordan & Morton, 2008). Also consistent with the present literature, there 

were no significant differences in performance based on gender (e.g., Rennie et al., 2004). 

Lastly, dimension order has been shown to not affect performance. Regardless of shape or color 

being presented first, children tend to perseverate equally (e.g., Rennie et al., 2004). This was the 

case in all of the conditions presented here except the 3D-familiar. More children passed the 

post-switch phase if they were given shape for pre-switch and color for the post-switch 

dimension. Although this is a new finding in the literature it is consistent in that, up to now, all of 

the DCCS studies have been done with pictures of objects rather than the objects themselves. 

One of the purposes of this project was to learn whether sorting actual familiar objects affected 

inhibitory control. Although there were no differences in overall performance between 3D-

familiar and the other conditions, there were differences in performance on which dimension was 

presented first. It is not too surprising that younger children, who are still developing inhibitory 

control, are affected by holding a fork or a spoon versus looking at pictures. The design of this 

experiment was to purposefully use objects that were highly salient and familiar to preschoolers; 

and in fact, the results confirm this.  

Why did children sort better with shape rather than color first? Taking into consideration 

the attentional inertia hypothesis and taking into consideration that novelty increases attention, 

children when holding a spoon or a fork might be allocating less attention to these during the 

pre-switch because of their familiarity with the objects. As has been discussed previously, 

increase in attention during pre-switch increases perseveration during post-switch. Hence, less 
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attentional focus during pre-switch might indeed facilitate changing attention to the new 

dimension (color in this case), resulting in decreased perseveration. Overall, by holding and 

sorting shapes first, less attentional focus is elicited, resulting in the need for less attentional 

inhibition during the post-switch and ensuring increased flexibility. 

 At last, temperament was addressed as an exploratory endeavor. Taking into 

consideration the three temperament factors of surgency, negative affectivity, and effortful 

control, only effortful control was found to be significant. Moreover, this was the case in only 

the 2D-familiar condition. Children who were rated by their parents as high in effortful control 

(high in attentional focusing, inhibitory control, low intensity pleasure and perceptual sensitivity) 

were more likely to pass the 2D-familiar post-switch. The fact that children who were high in 

effortful control did better in the post-switch is not at all surprising. Having better attentional 

skills, better inhibitory control, low intensity pleasure, and perceptual sensitivity makes sense for 

those children who pass the DCCS. This is consistent with the findings from Hongwanishkul et 

al. (2005), in which children who performed better on the DCCS were rated as high in effortful 

control. The question though is why would this be the case for just 2D-familiar version? 

Although this finding was specific to the 2D-familiar condition, I would venture to say that it this 

is not due to anything specific about the 2D-familiar version. First of all, there were no additional 

findings (mentioned previously) to indicate that the 2D-familiar version is any different than the 

standard DCCS. After all, sorting pictures of a flower and a car should not be much different 

than sorting pictures of forks and spoons. Looking at the stimuli of this version, the one thing 

that becomes apparent is that the pictures of the forks and spoons are pretty similar in overall 

shape. In other words, they both are long and narrow with the only difference being at the top 

(spoon or fork shape). More attention might have been needed to distinguish between these 
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shapes. Another point to mention that may help explain this odd outcome, is that all children 

upon entering the testing room had plain view of the 3D-familiar stimuli regardless of the 

sequence assigned to them. All but seven children (these seven children were assigned to 

sequence four, which start with 3D-familiar) had the opportunity to see the forks and spoon 

objects before sorting the 2D-familiar version. It is possible that seeing the objects themselves 

prior to seeing and sorting the pictures, might have primed some of the children. After all, 

children rated as high in effortful control have higher attentional focus which may have 1) 

elicited their attention to the 3D stimuli to begin with; and 2) set the stage for certain children to 

pay more attention to the task.  

4.2 Limitations 

A few limitations should be noted. An uneven number of children were assigned to each 

of the four sequences. There was also discrepancy in size between the two age groups because 

the decision to analyze based on age was post-hoc. Lastly, related to temperament, all parents 

completed the CBQ form, which is designed for 3 and 4-year-olds. Because the dataset included 

2-year-olds, the ECBQ form would have been a better choice for the children in that age range. 

Lastly, it’s important to note that the additional findings on dimension order and temperament 

could also be due to chance alone.  

4.3 Future Directions 

For reasons mentioned previously, it would be important to implement the partial novelty 

condition as designed by Yerys and Munakata (2006) with the standard DCCS to confirm the 

results presented here. In addition, because the notion of novelty implies the ability to learn new 

words, it seems relevant to assess children’s verbal ability (specifically receptive language). 

Finally, Gray’s work has shown that responses to novel stimuli affect both behavioral inhibition 
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system (BIS) and behavioral activation system (BAS) (Quilty, Oakman, & Farvolden, 2007).  It 

would be interesting to investigate whether individual differences on BIS might relate to 

performance on a novelty task of inhibitory control. How does the personality trait of novelty-

seeking affect performance on inhibitory control? Do children who seek novelty have better 

attentional skills, and if so, would they perform better on the novel version of the DCCS?  

4.4 Conclusion 

Results support that prior experience with the stimulus (something familiar or novel) 

affects how well preschoolers can inhibit a response. Although detecting novelty is a crucial 

ability in order to learn, when it comes to inhibitory control, attending to novelty is detrimental, 

as explained by the attentional inertia hypothesis. 

Based on current findings, what are the implications outside the laboratory setting? I 

propose two major points. First, when it comes to learning, attending to novelty is undoubtedly 

advantageous. After all, learning requires attending to something new and transforming it into 

something familiar. Second, when it comes to expecting preschoolers to have overt control of 

their behavior, familiarity becomes advantageous. Children who are in the process of developing 

executive function skills and are being asked to respond flexibly to circumstances will be better 

off in a familiar situation. 

Last but not least, how one responds to novelty has many implications in the different 

areas, from attention and inhibitory control, to anxiousness (Crockenberg & Leerkes, 2006) and 

behavioral inhibition (Quilty et al., 2007). Novelty seems to be a common thread in many 

situations, whether those situations are cognitive, social, or emotional. Learning more about how 

all of these apparently distinct areas relate to each other and to the construct of novelty might 
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help us understand how best to shape children’s environments to maximize their learning and 

their success. 
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Appendix 

 
Description of Standard DCCS Procedure 

 The general procedure for the DCCS is as follows. The experimenter starts the task by 

talking about the target cards that are affixed to the trays (see Figure 2 and 3 for the target cards). 

The experimenter then follows a script: “The first game we are going to play is called the shape 

game [or the color game]. Can you point to the car? That’s right. Can you point to the flower? 

Great. In the shape game, I want you to put the flowers in this tray [points to the tray with the 

target card of a flower], and if you see a car, I want you to put it here [points to the other tray]. 

Ok? Let’s practice. Here is a car (see Figure 4), where should we put it? Perfect. Here is a flower 

(see Figure 5), where does it go? Great.” In addition the child is asked to put the cards in the tray 

face down “so we can’t see it”. If the child sorts the two practice cards incorrectly then the rules 

are repeated and the cards are sorted again. Once the child knows the rules, the practice cards are 

removed from the tray and the experimenter announces that they are ready to begin the game. 

The child is asked to sort five cards. After the last card, the experimenter says: “Good, you are 

doing great! We are now going to play a new game [removes the old cards from the tray]. We 

don’t want the shape game anymore, no way! Now we are going to play the color game. Can you 

point to the blue picture [looking at target cards]? How about the red picture? That’s right. Now 

in this game, the color game, if you see a red picture I want you to put it in this tray [points to the 

tray with the red flower], and if you see a blue picture I want you to put it here [points to the 

other tray]”. At this point, the experimenter goes through five more cards reminding the child of 

the rules.  
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Table 1. 

Number of Children Passing and Failing Post-switch in Standard and 2D-familiar Conditions  

___________________________________________________________________ _____ 

___________2D-Familiar       __________________________________                                                        

    Fail   Pass   Total_____________      

Standard     

    Fail    6   5   11    

    Pass    7   15   22   

    Total   13   20   33 

Note. McNemar test, p=.774 

 

 

Table 2.  

Number of children passing and failing post-switch in standard and 3D-familiar conditions 

__________________________________________________________________ _____ 

___________3D-Familiar       __________________________________                                                        

    Fail   Pass   Total_____________      

Standard     

    Fail    7   4   11    

    Pass    6   16   22   

    Total   13   20   33 

______________________________________________________________________________ 

Note. McNemar test, p=.754 
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Table 3. 

Number of Children Passing and Failing Post-switch in 2D-familiar and 3D-familiar Conditions 

__________________________________________________________________ _____ 

___________3D-Familiar       __________________________________                                                        

    Fail   Pass   Total_____________      

2D-Familiar     

    Fail    7   6   13    

    Pass    7   13   20   

    Total   14   19   33 

______________________________________________________________________________ 

Note. McNemar test, p=1.0 

 

 

Table 4. 

Number of Children Passing and Failing Post-switch in Novel and 3D-familiar Conditions  

__________________________________________________________________ _____ 

___________3D-Familiar       __________________________________                                                        

    Fail   Pass   Total_____________      

Novel     

    Fail    11   10   21    

    Pass    3   10   13   

    Total   14   20   34 

______________________________________________________________________________ 

Note. McNemar test, p=.092 
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Table 5.  

Number of Children Passing and Failing Post-switch in 2D-familiar and Novel Conditions 

 __________________________________________________________________ _____ 

___________2D-Familiar       __________________________________                                                        

    Fail   Pass   Total_____________      

Novel     

    Fail    12   9   21    

    Pass    2   11   13   

    Total   14   20   34 

______________________________________________________________________________ 

Note. McNemar test, p=.065 

 

 

Table 6.  

Number of Children Passing and Failing Post-switch in Novel and Standard Conditions  

__________________________________________________________________ _____ 

___________Standard__       __________________________________                                                        

    Fail   Pass   Total_____________      

Novel     

    Fail    10   11   21    

    Pass    1   12   13   

    Total   11   23   34 

______________________________________________________________________________ 

Note. McNemar test, p=.006 
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Table 7.  

Number of Younger and Older Children Passing and Failing Post-switch in Standard Condition  

__________________________________________________________________ _____ 

___________Standard__       __________________________________                                                        

    Fail   Pass   Total_____________      

Age     

 Younger   10   9   19   

  Older    1   14   15   

  Total    11   23   34 

______________________________________________________________________________ 

Note. Chi-square test, p = .004 

 

 

Table 8. 

Number of Younger and Older Children Passing and Failing Post-switch in 2D-familiar 

Condition  

__________________________________________________________________ _____ 

___________2D-familiar______________________________________  

    Fail   Pass   Total_____________      

Age     

 Younger   11   9   20   

  Older    3   11   14   

  Total    14   20   34 

______________________________________________________________________________ 

Note. Chi-square test, p = .050 
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Table 9. 

Number of Younger and Older Children Passing and Failing Post-switch in Novel Condition  

__________________________________________________________________ _____ 

___________Novel_____       __________________________________                                                        

    Fail   Pass   Total_____________   

Age     

 Younger   16   4   20   

  Older    6   9   15   

  Total    22   13   35 

______________________________________________________________________________ 

Note. Chi-square test, p = .015 

 

Table 10. 

Number of Younger and Older Children Passing and Failing Post-switch in 3D-familiar 

Condition  

__________________________________________________________________ _____ 

___________3D-Familiar__       ________________________________                                                        

    Fail   Pass   Total_____________      

Age     

 Younger   12   7   19   

  Older    2   13   15   

  Total    14   20   34 

______________________________________________________________________________ 

Note. Chi-square test, p = .003 
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Table 11. 

Number of Girls and Boys Passing and Failing Post-switch in Standard Condition  

__________________________________________________________________ _____ 

___________Standard____       ________________________________                                                        

    Fail   Pass   Total_____________      

Gender     

    Girls   5   13   18   

    Boys   6   10   16   

    Total   11   23   34 

______________________________________________________________________________ 

Note. Chi-square test, p = .545 

 

 

Table 12. 

Number of Girls and Boys Passing and Failing Post-switch in 2D-familiar Condition  

__________________________________________________________________ _____ 

___________2D-familiar____       ______________________________                                                        

    Fail   Pass   Total_____________      

Gender     

    Girls   8   9   17   

    Boys   6   11   17   

    Total   14   20   34 

______________________________________________________________________________ 

Note. Chi-square test, p = .486 
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Table 13. 

Number of Girls and Boys Passing and Failing Post-switch in Novel Condition  

__________________________________________________________________ _____ 

___________Novel_______       ________________________________                                                        

    Fail   Pass   Total_____________      

Gender     

    Girls   12   6   18   

    Boys   10   7   17   

    Total   22   13   35 

______________________________________________________________________________ 

Note. Chi-square test, p = .631 

 

Table 14. 

Number of Girls and Boys Passing and Failing Post-switch in 3D-familiar Condition 

__________________________________________________________________ _____ 

___________3D-familiar____       ______________________________                                                       

    Fail   Pass   Total_____________      

Gender     

    Girls   5   12   17   

    Boys   9   8   17   

    Total   14   20   34 

______________________________________________________________________________ 

Note. Chi-square test, p = .163 
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Table 15. 

Number of Children Passing and Failing Post-switch in Standard Condition Based on First 

Dimension Sorted  

__________________________________________________________________ _____ 

___________Standard____       ________________________________                                                     

    Fail   Pass   Total_____________      

Dimension (first)     

    Color   5   10   15   

    Shape   6   13   19   

    Total   11   23   34 

______________________________________________________________________________ 

Note. Chi-square test, p = .914 

 

Table 16. 

Number of Children Passing and Failing Post-switch in 2D-familiar Condition Based on First 

Dimension Sorted  

__________________________________________________________________ _____ 

___________2D-familiar____       _______________________________                                                        

    Fail   Pass   Total_____________      

Dimension (first)     

    Color   7   6   13   

    Shape   7   14   21   

    Total   14   20   34 

______________________________________________________________________________ 

Note. Chi-square test, p = .238 
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Table 17. 

Number of Children Passing and Failing Post-switch in Novel Condition Based on First 

Dimension Sorted  

__________________________________________________________________ _____ 

___________Novel_______       _________________________________                                                      

    Fail   Pass   Total_____________      

Dimension (first)     

    Color   9   9   18   

    Shape   13   4   17   

    Total   22   13   35 

______________________________________________________________________________ 

Note. Chi-square test, p = .105 

 

Table 18. 

Number of Children Passing and Failing Post-switch in 3D-familiar Condition Based on First 

Dimension Sorted  

__________________________________________________________________ _____ 

___________3D-Familiar____       ______________________________                                                      

    Fail   Pass   Total_____________      

Dimension (first)     

    Color   11   7   18   

    Shape   3   13   16   

    Total   14   20   34 

______________________________________________________________________________ 

Note. Chi-square test, p = .012 
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Table 19. 

Means and Standard Errors for Temperament Factors and Pass and Failure DCCS Performance 

_____________________________________________________________ ___________ 

     __Standard______________ 

    Fail   Pass_  _______________________ 

Surgency   4.64 (.16)  4.67 (.23)   

Negative affectivity  3.70 (.21)  3.85 (.13)   

Effortful control  5.22 (.22)  5.35 (.12)  

_____________________________________________________________________________ 

    _______2D-Familiar_____________ 

    Fail   Pass_  _______________________ 

Surgency   4.98 (.26)  4.40 (.20)    

Negative affectivity  3.83 (.17)  3.76 (.15)    

Effortful control  4.99 (.14) * 5.54 (.14)    

______________________________________________________________________________ 

     __Novel_________________ 

    Fail   Pass_  ________________________ 

Surgency   4.84 (.20)  4.28 (.24)   

Negative affectivity  3.72 (.14)  3.92 (.16)   

Effortful control  5.31 (.10)  5.31 (.23)   

______________________________________________________________________________ 
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______________________________________________________________________________ 

    _______3D-Familiar_____________ 

    Fail   Pass_  _______________________ 

Surgency   4.50 (.20)  4.67 (.24)   

Negative affectivity  3.85 (.20)  3.76 (.13)   

Effortful control  5.28 (.20)  5.30 (.12)   

______________________________________________________________________________ 

* p < .05 
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Figure 1: Number of children based on age 
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Figure 2: DCCS Target card    Figure 3: DCCS Target card  

 

 

 

 

 

 

 

Figure 4: DCCS Test card    Figure 5: DCCS Test card  
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Figure 6: 2D-Familiar Target card    Figure 7: 2D-Familiar Target card 

 

 

                 

Figure 8: 2D-Familiar Test card     Figure 9: 2D-Familiar Test card 
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Figure 10: Novel Target card    Figure 11: Novel Target card 

 

 

 

 

 

 

 

Figure 12: Novel Test card    Figure13: Novel Test card 
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Figure 14: Number of children sorting post-switch cards correctly in each condition 

 

 

 


