
    
 

 

 
 

 
Characterization of the Relationship Between Executive Functioning Scores in 

Preschoolers and Performance on Various Imitation Tasks 
 
 
 

by Gwyneth Francesca McNiff 
 
 
 

B.A. in Philosophy, May 2020, Thomas Aquinas College 
 
 

A Thesis submitted to 
 
 
 

The Faculty of 
The Columbian College of Arts and Sciences 

of The George Washington University 
in partial fulfillment of the requirements 

for the degree of Master of Science 
 
 
 

May 15, 2022 
 
 
 

Thesis directed by 
 

Francys Subiaul 
Associate Professor of Speech, Hearing & Language Sciences 

 
 
 
 
 

  



 

ii 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

© Copyright 2022 by Gwyneth McNiff 
All rights reserved 

 
  



 

iii 
 

Acknowledgments 
 
 

I would like to thank Dr. Francys Subiaul for his incredible patience, support, and 

enthusiasm in completing this thesis project. In addition, I would like to thank Adrian 

Istvan Varallyay of Columbia University for editing and compiling the initial data, and Dr. 

Chet Sherwood for approving this thesis. Finally, I would like to acknowledge all the 

faculty and students at the Center for the Advanced Study of Human Paleobiology for their 

insights and support throughout this degree. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

iv 
 

Table of Contents 
 
 

Acknowledgments.............................................................................................................iii 
 

List of Figures.....................................................................................................................v 
 

List of Tables......................................................................................................................vi 

Chapter 1: Introduction........................................................................................................1 

Chapter 2: Task Descriptions...............................................................................................7 

Chapter 3: Data Analyses and Results................................................................................10 

Chapter 4: Conclusions......................................................................................................36 

Chapter 5: Future Directions…………………………..…………………………………38 

References..........................................................................................................................40 

Appendix A.…………………...…………………………………………………………54 

Appendix B………………………………………………………………………………55 

Appendix C………………………………………………………………………………56 

Appendix D………………………………………………………………………………58 

Appendix E……………………………………………………………………………….60 

Appendix F……………………………………………………………………………….62 

  

  

  

 

 

 

  



 

v 
 

List of Figures 
 
 

Figure 1: Computerized Task. (A) Cognitive and (B) Motor-Spatial Task………….........9 

Figure 2: Tower Building Task………………………………………………………...….9 

Figure 3: Interaction Plot for Age and FI in the Cognitive Task..……………….............19 

Figure 4: Interaction Plot for Age and Inhibit in Motor-Spatial Task……………..…......25 

Figure 5: Interaction Plot for Age and WM in Motor-Spatial Task…………...……..…..26 

Figure 6: Boxplot of Mean EMI Score by Imitator Type……………..………....….........34 

Figure 7: Boxplot of Mean GEC Score by Imitator Type………..……………….….......34 

Figure 8: Boxplot of Mean WM Score by Imitator Type………..……………….…...…..35 

Figure 9: Boxplot of Mean Plan Score by Imitator Type………...…………………..........35 

 

 

 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 



 

vi 
 

List of Tables 
  
 

Table 1: Description of BRIEF-P measures………………………………………………..4 
 
Table 2: Number of individuals by task, having data for BRIEF-P, Age, and Task 

Outcome…………………...……………………………….…………….………10 
 

Table 3: Regression for relationship between Age and GEC……………………………..11 
 
Table 4: Results of the regression for the individual scores in Cognitive 

Task……………………………………………………………………………....12 
 
Table 5: Results of the regression for the summary scores in Cognitive Task…………..12 
 
Table 6: Summarized results of bootstrap analysis for Cognitive 

Task........................................................................................................................17 
 
Table 7: Regression results for interaction terms in Cognitive Task …..………………..17 
 
Table 8: Summarized results of bootstrap analysis for Cognitive Task, interaction  

terms removed………..…………………………………………………………..20 
 
Table 9: Results of regression for individual scores Motor-Spatial Task……..…………..21 
 
Table 10: Results of regression for summary scores Motor-Spatial Task………………...21 
 
Table 11: Summarized results of bootstrap analysis for Motor-Spatial Task……………..23 
 
Table 12: Summarized results of bootstrap analysis for Motor-Spatial Task 

with  Interaction Terms Removed……….………………………..……………...27 
 

Table 13: Regression results for individual scores for Tower Task……………………….28 
 
Table 14: Regression results for summary scores for Tower Task……………………..…28 
 
Table 15: Summarized results of bootstrap analysis for the Tower Task…………………30 
 
Table 16: Summarized results of most contributive predictors to the model in  

Dominance analyses……………………………………………….……………..32 
  

  



 

1 
 

Chapter 1: Introduction 

Imitation is defined as encoding and reproducing an agent’s behavior with 

medium to high fidelity, that is, preserving most to all observed steps leading to a goal 

(Brugger et al., 2007; Lyons, Young, & Keil, 2007; Marsh, Ropar, & Hamilton, 2014; 

Whiten & Ham, 1992). Some have argued that imitation is a uniquely human ability 

(Byrne, 2005), while others believe that non-human primates evince imitation, pointing to 

evidence for imitation in familiar tasks (de Waal, 2016; Persson et al., 2017; Whiten, 

2019). Even others point to a more nuanced picture, where apes display limited imitation 

learning skills in restricted task domains in comparison to human preschoolers, who 

possess a range of imitation learning abilities across many different tasks and domains 

(Subiaul, 2016).  

 Imitation may account for the level of complexity and range seen in human 

cultures. According to cumulative cultural evolution, the ability to transfer information 

with the high-fidelity afforded by imitation, ensures not only that no information is lost 

across generations but allows the ‘ratcheting’ of technology by improving on past 

practices (Boyd and Richerson 1996; Boyd, Richerson, & Heinrich, 2011; Caldwell, 

Renner, & Atkinson, 2017; Dean, 2014; Lewis & LaLand, 2012; Mesoudi and Thornton, 

2018; Tennie, Call, & Tomasello, 2009; Tomasello, 1999; Wasielewski, 2014). In fact, 

not only are humans primed to imitate, we can even be said to overimitate in contrast to 

other primates—that is, we copy both causally relevant and irrelevant actions (Horner & 

Whiten, 2004; Lyons et al., 2007; 2011; Subiual & Schilder, 2014). Tomasello (2019) 

noted that human children copy every movement of a model, regardless whether the 

behavior is silly or inefficient, seeming to take on that model’s intentions, something that 
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chimpanzees (Pan troglodytes) fail to display (But see Buttelmann et al., 2007 on 

enculturated apes). This readiness to copy even irrelevant actions has also been seen in 

human children relative to bonobos (Pan paniscus) (Clay & Tennie, 2017). 

But what accounts for this propensity compared to other primates? One brain 

region which has been explored as a possible answer to what accounts for human 

cognitive abilities is the pre-frontal cortex (PFC) (Herculano-Houzel et al., 2016; Neubert 

et al., 2014; Schoenemann, 2005; Smaers et al., 2011; Smaers et al., 2017; Semendeferi et 

al., 2001; van Essen, 2007; but see Barton & Venditti, 2013), which notably has been 

linked to the development of executive function (EF) (Diamond, 2002; Durston et al., 

2006; Moriguchi and Hiraki, 2009; Moriguchi, 2014), as highlighted by multiple case 

studies of injuries and lesions to this region resulting in reduced executive performance 

(Baddeley, 1986; Fuster, 2008; Funahashi & Andreau, 2013; Kolb and Whishaw, 1996; 

Stuss and Benson, 1986). 

EF mediates cognitive control, allowing us to respond effectively and 

appropriately to our environment and plan for and complete goal-directed behavior, 

especially in novel tasks (Moriguchi, 2014; Rhoads et al., 2018). Although there is some 

debate about its developmental trajectory, EF is generally agreed to be non-unitary, and 

can be divided into three core areas: (1) shifting (mental flexibility/task-switching), (2) 

inhibition (self-regulation/self-control), and (3) updating working memory (WM) with 

relevant information (Diamond, 2013; Garcia-Madruga et al., 2016; McAlister & 

Schmitter-Edgecombe, 2016; Moriguchi, 2014).  

Many studies have noted correlations between social interaction, social cognition, 

and EF, suggesting that EF is developed by and plays an important role in social 
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interactions and vice versa (Ardila et al., 2005; Carlson, 2009; Legare et al., 2018; 

Marcisziko et al., 2019; Moriguchi, 2014). Some research also points to the potential link 

between EF deficits in individuals with autism spectrum disorder (ASD) and difficulties 

learning in social situations (Bradford, Jentzsch, & Gomez, 2015; Hollocks et al., 2014; 

Li et al., 2018; Rosello et al., 2017). But few studies have explicitly considered how EF 

and individual differences in EF predict performance on specific social-learning tasks for 

typical preschoolers (but see Dickerson, Gerhardstein, Zack, & Barr, 2013; Simpson & 

Riggs, 2011; Subiaul & Schilder, 2014). An important question to consider then is how 

individual differences in EF are correlated to a range of novel imitation tasks.  

This thesis attempts to characterize how imitation learning in three tasks—Cognitive, 

Motor-Spatial, and Tower Tasks—correlates to individual EF scores in preschool age 

children (2 to 5 years of age) as reported by the Behavior Rating Inventory of Executive 

Function-Preschool (BRIEF-P) (Gioia, Espy, & Isquith, 2003; Sherman & Brooks, 2010). 

The BRIEF-P is a parent completed report that attempts to standardize EF in preschoolers 

based on their daily behaviors. The BRIEF-P uses five measures of EF (including the 

customary WM, Inhibit, and Shift), three corresponding indices, and an overall composite 

score. All nine will be considered in this analysis (see Table 1). Since this thesis 

characterizes how the individual subcomponents of EF covary with imitative tasks, it 

may be informative on which parts of EF are more or less important for human imitative 

abilities early in development. Finally, this thesis addresses how individual differences in 

EF correspond to performance across all three imitative tasks—namely, it examines 

whether imitative performance in one task predicts imitative performance in other tasks 

and whether this variation is predicted by BRIEF-P scores. 
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Due to the exploratory approach undertaken here, there are no specific predictions 

about how EF covaries with imitative ability, besides the following (1) older children will 

have better EFs scores and generally perform better on imitative tasks relative to younger 

children, and (2) better EF scores indicated by the BRIEF-P (i.e., lower scores) will 

correlate with better imitative performance. 

Table 1: Descriptions of scales and indices used in the BRIEF-P report. 

Scale/Index Description (Gioia, Espy, & Isquith, 
2003) 

Inhibit Ability to resist impulses and action. 
Shift Ability to make transitions, tolerate 

change, switch attention, and problem-
solve. 

Emotional Control (EC) Ability to regulate emotional expression 
Working Memory (WM) Ability to hold info in mind to act or 

generate goals and plans 
Plan/Organize Ability to manage current and future-

oriented task demands 
Inhibitory Self-Control Index (ISCI) 
(Composed of EC and Inhibit) 

Ability to modulate actions, responses, 
emotions, and behavior 

Flexibility Index (FI) 
(Composed of EC and Shift) 

Ability to move among actions, 
responses, emotions, and behavior 

Emergent Metacognition Index (EMI) 
(Composed of WM and Plan) 

Ability to sustain ideas and activities in 
WM and problem-solve 

Global Executive Composite (GEC) 
(Composed of Inhibit, Shift, EC, WM, 
and Plan) 

Summary Score 

 

Rationale. During preschool age, imitation skills are undergoing rapid development 

(Lyons, Young, & Keil, 2007; Speidel et al., 2021; Subiaul & Schilder, 2014; Subiaul et 

al., 2016), making this age uniquely situated to reveal differences in imitation in relation 

to EF. In fact, children around and under the age of 2 prefer to use low fidelity means of 

copying (i.e., emulation: achieving the same goal as an agent, but through idiosyncratic 

means), while during preschool years there is a marked propensity for high fidelity 
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copying (i.e., imitation and overimitation) (Bjorklund, 2016; Dickerson, Gerhardstein, 

Zack, & Barr, 2013; McGuigan, Makinson, & Whiten, 2011; Nielsen, 2006; Nielsen, 

Moore, & Mohamedally, 2012; Sherwood, Subiaul, & Zawidzki, 2008; Subiaul et al., 

2012). Hence, preschoolers are ideal subjects for examining imitation. They are also 

better suited to the question of how EF relates to imitation as the imitation tasks may not 

be as novel or engaging to adults, making the relationship between EF and novel 

imitation not as clear as it is earlier in development. Adults also may be primed to behave 

in a certain way in an experimental setting, thinking ‘this is what they want me to do’, 

whereas children may be motivated more by the task at hand (Whiten et al., 2016). 

Finally, children are ideal models when considering the question from an 

evolutionary perspective. Chimpanzees and other primates who are used as models for 

human cognitive evolution are frequently surpassed by human children on imitation tasks 

(Herrmann et al., 2007; Subiaul, 2016; Tennie, Call, & Tomasello, 2006; but see Russell 

et al., 2011 on encultured apes). While we frequently use chimpanzees as models for 

human evolution, we diverged from the chimpanzee-human last common ancestor 5 to 7 

million years ago (Hobolth et al., 2007, 2011; Patterson et al., 2006; Sarich & Wilson, 

1967; Scally et al., 2012) and have taken our own paths of evolution due to different 

social and ecological pressures (Reader & Laland, 2002; Renner, Patterson, & Subiaul, 

2020). As our closest extant relatives, other primates can help us understand what makes 

humans distinct; however, they are unlikely to tell us how uniquely human cognition 

evolved. Although not subscribing to Haeckel’s “ontogeny recapitulates phylogeny” 

(Haeckel, 1866; Olsson, Levit, & Hoßfeld, 2017) observing the cognitive developmental 

processes that children undergo is a useful proxy for how components of uniquely human 

https://link.springer.com/article/10.1007/s12064-017-0243-4#auth-Uwe-Ho_feld
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cognition may have evolved. Hence, examining imitation and EF in preschoolers may 

provide insight into the ancestral state of human cognition. While examining imitation 

and EF in other primate species is beyond the scope of this thesis, the results of analyzing 

imitation in children may also be relevant for future comparative cognitive research. 
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Chapter 2: Task Descriptions 

The three tasks examined in this thesis are the Cognitive Task, Motor-Spatial 

Task, and Tower Task. The Cognitive and Motor-Spatial Tasks are both 2-dimensional, 

while the Tower Task is 3-dimensional. In the typical procedure for the Cognitive Task, 

images of three objects appear on a screen simultaneously—these objects are distinctive 

enough to not cause confusion (Fig. 1A). Participants are asked to select images in a 

specific order based on ‘cognitive’ (i.e., ordinal) representation rather than ‘spatial’ 

representation. To ensure that participants are not memorizing the spatial arrangement, 

the location of the pictures are randomized after each trial, correct and incorrect. In 

contrast, to avoid encoding item identity, in the procedure for the Motor-Spatial Task 

(Fig. 1B), three identical images appear and the spatial arrangement of the images 

remains fixed. The content of the images, however, changes from trial to trial (Renner et 

al., 2018; Subiaul et al., 2012). 

The Cognitive Task requires participants to copy abstract ordinal rules—for 

example, imitating the sequence microphone-scenery-chicken (Fig. 1A) (Terrace et al., 

2003; Subiaul et al., 2004; 2012). In contrast, Motor-Spatial Tasks require learning 

motor-spatial-based rules—for example, down-right-up (Fig. 1B) (Subiaul et al., 2012). 

These tasks experimentally reveal differing results in children of different ages 

suggesting that the distinction is an important one—for instance, 3-year-olds successfully 

imitate novel cognitive sequences and have difficulty imitating novel motor-spatial 

sequences, while 4-year-olds succeed at both (Subiaul et al., 2012; Subiaul, 2019). 
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The Tower Task differs from the Cognitive and Motor-Spatial Tasks in that it 

tests an individual’s propensity to build an optimal tower after observing models build 

components of that tower; however, it is still believed to require imitation skills (Subiaul 

& Stanton, 2020). The tower is built from Dado cubes of various sizes and colors and 

Dado squares, both of which have slits in the side allowing them to be stacked. The cubes 

are used to build the base of the tower, and the squares to build the apex of the tower 

(Fig. 2). For summative imitation, the condition of the Tower Task examined in this 

thesis, one model builds the base of the tower by rotating and stacking cubes on top of 

each other, and another model builds the apex by conjoining the two flat squares (Fig. 

2A). The children do not see the base and apex combined before being asked to build 

their own tower using the cubes and squares; and the models disassemble the tower 

pieces at the end of each demonstration. The typical procedure is to have children 

observe three live demonstrations of about 30 seconds each (Fig. 2A) and then ask them 

to build their own tower (while not explicitly asking them to imitate) (Fig. 2B) to see if 

they incorporate the elements learned from each demonstrator in their final product 

(Subiaul and Stanton, 2020). 

Measures. For the Cognitive and Motor-Spatial tasks, the task outcomes are reported as 

0s (failure) and 1s (success), from first trial accuracy. For the Tower Task, the Target 

Tower measure was used, where 0 indicated the optimal tower was not built and 1 

indicates that it was. This measure is of summative imitation (i.e., putting together the 

two elements of the tower learned by imitation from different demonstrators), which is 

considered to be comparable to imitation (Subiaul & Stanton, 2020). 
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Figure 1. Computerized Task. (A) Cognitive and (B) Motor-Spatial Task. 

 

Figure 2. Tower Building Task. (A) Demonstration: Two different models demonstrated how to build different tower elements 
(Base and Apex); (B) Target Response. 

A B 

A B 

Apex 

Base 
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Chapter 3: Data Analyses and Results 

Data. The sample size is 596 children ranging in ages from 24 to 72 months with parents 

from largely high socioeconomic backgrounds. The data were collected by the Subiaul 

Social Cognition Lab in separate studies. The method of analysis is by binomial logistic 

regressions, dominance analysis, and bootstrapping through R programming version 

4.0.2. Significance level is p≤ 0.05. All BRIEF-P reports are RAW scores. 

Table 2: Number of individuals by task, having data for BRIEF-P, Age, and Task 
Outcome. 

Data with 
Age and 
BRIEF-P 

No 
Task 

Cog 
Task 

MS 
Task 

Tower 
Task 

MS.Cog 
Tasks 

Cog.Tower 
Tasks 

MS. 
Tower 
Tasks 

# of 
Individuals 

596 147 157 167
  

140 16 16 

 

Preliminary Results. Preliminary data analysis reveals that there is no significant effect 

of age in years on the composite EF scores (see Table 3). And contrary to prediction, 

scatterplots of GEC and Age in both years and months reveal no strong linear trends of 

greater age corresponding with lower executive functioning scores (i.e., better EF as 

reported by the BRIEF-P); the Pearson’s correlation coefficient was negative and close to 

zero for age and GEC in all three tasks. There was a significant effect of age on both the 

Cognitive and the Motor-Spatial Tasks (p-values < 0.001) consistent with prior work 

(c.f., Subiaul & Schilder, 2014; Subiaul et al., 2015; Subiaul & Stanton, 2020); however, 

there was no significant effect of age on performance of the Tower Task (p=0.38). 

Finally, gender (male=1, female=0) had no significant effect on imitation tasks or 

BRIEF-P scores, and was removed from the rest of the analysis. The data were examined 

to meet the criteria of binomial logistic regressions (see Appendix A). 
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Table 3: Regression for relationship between Age and GEC. No significant 
interaction. 

 

 

A. Cognitive Task Analyses 

Binomial Logistic Regression. A total of 147 individuals from the dataset had values for 

the BRIEF-P and cognitive imitation and were used in this analysis. In the initial 

generalized linear model, Age, as was shown in the initial regressions, had a significant 

effect on the Cognitive Task outcome for the individual scores; and Age, EMI, and FI 

were significant for the summary scores (see Tables 4-5).  
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Table 4. Results of the regression for 
the individual scores in Cognitive 
Task. Only Age is significant.  

 

Table 5. Results of the regression for 
the summary scores in Cognitive 
Task. Age, EMI, and FI were all 
significant. 

              
 

 

An Analysis of Deviance Table was used to further interpret the results of the 

initial model. A greater difference between the null deviance (i.e., deviance of the model 

with only the intercept) and the residual deviance indicates that the addition of a given 

predictor makes a better model (i.e., adding this variable explains the amount of variation 

better than when it is not included) (Azen & Traxel, 2009). Correspondingly, a small 

deviance value means that adding the variable does not contribute much to the model 

(Azen & Traxel, 2009).  

In the Analysis of Deviance Table, adding Age reduced the Null deviance from 

141.25 to 132.83, which is a significant amount, its Deviance Residual was the largest at 

8.417, and its p-value was significant (0.004). Adding Plan reduced the Null deviance a 

significant amount as well from 132.83 to 126.01, the Deviance Residual was the second 
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largest at 6.822, with a p-value of 0.009. These results suggest that Age and Plan both 

explain the variation in the data better than the null model, or the other variables. (The 

only other variable that appeared as contributive besides these was Shift which had a 

larger Deviance Residual (3.500), and a p-value equal to 0.061; however, these results 

were not significant.)  The McFadden index (a pseudo R2 for logistic regressions) for this 

model was 0.152. A McFadden index between 0.2 and 0.4 is an excellent fit, so the index 

suggests for the overall model, the regression is not an excellent fit, but it is not poor 

(Domencich & McFadden, 1975).  

The same steps were repeated for the summary scores, which resulted in EMI 

having the largest Deviance Residual of all measures (almost as large as Age: 8.417 vs 

8.022) and a significant p-value of 0.005; FI had a Deviance Residual of 4.858 and p-

value of 0.028. These results parallel the results of the regression and Analysis of 

Deviance Table for the individual measures, since EMI is composed of WM and Plan and 

FI is composed of Shift and EC. The McFadden index was 0.151, similar to the 

individual scores, suggesting that the regression had a moderate fit.  

Finally, for GEC and Age, the generalized linear model had a p-value of 0.005 for 

Age and p-value of 0.023 for GEC, indicating that they both were significant. In the 

Analysis of Deviance table, Age and GEC again both had significant p-values of 0.004 

and 0.017 respectively. The Deviance Residual for Age was 8.417 and for GEC 5.651. 

These results suggest that the Cognitive Task outcomes were explained by both Age and 

the overall EF score, with age contributing to the model more. The McFadden index for 

this analysis, however, was 0.010, indicating a poor fit. 
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Summary. From the results of the Analysis of Deviance, Age and Plan were the best 

predictors of task outcome. For the summary results, Age was slightly better than EMI 

(composed of WM and Plan), but both were better than the null model. FI (composed of 

Shift and EC) was also contributive to the model.  

Dominance Analysis. To explore the relative importance of different predictors in the 

regression analysis, a dominance analysis was performed (Azen & Traxel, 2009). 

Dominance analysis defines importance by comparing pairs of predictors (from a selected 

model) across all subset models (subsets of the predictors) to make the determination of 

relative importance or dominance (Azen & Traxel, 2009). In ordinary least squares 

regression, dominance analysis defines the additional contribution of any given predictor 

to a given subset model as the change in R2 when the predictor is added to the model; in 

the case of a logistic regression, the pseudo R2 McFadden Index is used instead. 

Dominance analysis considers one predictor to completely dominate another, if its 

additional contribution to every possible subset model is greater than that of the other 

predictor. If complete dominance analysis is not established, the average of the additional 

contributions can be considered, which is the conditional dominance. Finally, the general 

dominance is the overall average of a predictor compared to the overall average of 

another predictor. Even though in a given dominance analysis one predictor may be 

established as dominant over another, however, this does not mean that better predictors 

do not exist, just that they are not present in the model (Azen & Traxel, 2009). 

This dominance analysis was applied to the Cognitive Task. The results of an 

initial complete dominance matrix showed that Age dominated every measure except 

WM, where dominance could not be established between the pair. WM also dominated 
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Plan, but no other dominances could be established between the rest of the variables. For 

the summary scores, Age dominated FI and ISCI, and EMI dominated ISCI and FI. These 

results were concordant with the initial regression and Analysis of Deviance table, where 

Age and EMI were most contributive to the model. For the conditional dominance 

analysis, Age dominated every other variable and WM dominated Inhibit, Emotion, and 

Plan. For the summary scores, Age dominated all variables, and EMI dominated ISCI and 

FI. In the general dominance for the individuals scores, again Age overcame all other 

variables, with WM having the next highest effect. For summary scores, Age again was 

ranked the highest, with EMI being the next highest. In all dominance conditions for the 

composite score, Age dominated GEC. 

Looking at the Average Contribution by Predictor (a way to represent general 

dominance) revealed the following ranking for the individual components: Age (0.06)> 

WM (0.031)>Inhibit (0.021)>Plan (0.02)>Shift (0.012)>Emotion (0.008). And, for the 

summary scores: Age (0.06)>EMI (0.049)>ISCI (0.022)>FI (0.021); Age (0.06)> GEC 

(0.039). As these results show, when the components of EF are considered individually, 

Age is contributive by a greater amount to the model than when the components are 

considered in their summary forms. This suggests that there is some explanatory power 

that emerges when the individual measures are grouped. 

Summary. For the dominance analysis, looking at the individual measures, Age and WM 

contribute the most to the model; and looking at the summary, Age and EMI. Despite 

Plan being suggested from the regression and Analysis of Deviance to be a good 

predictor, no dominance could be established of it over any other predictor in the 

dominance analysis and it contributed less than WM or Inhibit in general dominance. On 
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the other hand, there was inconclusive dominance established between Plan and the other 

variables, meaning that Plan was not consistently dominated. In agreement with the 

previous analysis, however, EMI, which is composed of WM and Plan, contributed the 

most to the model. Overall, then Age and EMI were the most predictive of task outcome. 

Bootstrapping. To establish the robustness of these results, a bootstrap analysis was 

performed. The bias reported for general dominance analysis was low for both individual 

and summary scores, and standard error (SE) was small (between 0.17-0.37), which 

suggests robustness (where robustness is defined as a bias near or equal to 0, SE near or 

equal to 0, and reproducibility ranging from 0.7 to 1) (Azen & Traxel, 2009). The most 

robust results from the bootstrap analysis were Age over Shift and Emotion, which had 

0.695 and 0.735 reproducibility respectively. Age being dominant over Plan and WM, 

however, had poor reproducibility. This result suggests that Age cannot reliably be 

established as dominant over WM and Plan, like it can for the other individual measures. 

Since WM and Plan both appeared as significant to the model in different analyses, these 

results are not surprising.  

For the summary scores, EMI over ISCI had a reproducibility of 0.766, which is a 

fairly robust outcome, and confirms that EMI contributes more to the model than ISCI. 

While its dominance over FI was not particularly robust this makes sense in light of FI’s 

significant results in the initial regression. Age was established as fairly robustly 

dominant over FI, however, not over ISCI, which is a somewhat surprising result. 

Overall, these outcomes suggest that WM and Age, and the combination of WM and Plan 

(EMI) contributed the most to the model (see Table 6; extended results in Appendix B). 
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Table 6: Summarized results of bootstrap analysis for Cognitive Task. 1 indicates 
dominance, 0 indicates being dominated, and 0.5 indicates no dominance was 
established. 

I k SE Dominance i>k REP 
Age Plan 0.267 1 0.455 
Age Inhibit 0.286 1 0.451 
Age Shift 0.245 1 0.695 
Age Emotion 0.225 1 0.735 
Plan WM 0.382 0 0.466 
Age ISCI 0.265 1 0.506 
Age FI 0.313 1 0.622 
EMI ISCI 0.313 1 0.766 
EMI FI 0.265 1 0.508 
Age GEC 0.483 1 0.632 

 

Cognitive Age Interaction. Next, to ensure there were no interactions, a regression was 

performed with interaction terms. An interaction occurs if the relation between one 

predictor (e.g., Plan) and the response variable (in this case, Cognitive Imitation) depends 

on the value of another independent variable (e.g., Age), meaning that their effect on the 

response cannot be considered independently (Fisher, 1926). Age was chosen as the 

interaction term since previous research has suggested that executive function develops 

with age (Subiaul & Schilder, 2014; Zmyj et al., 2010). 

The results of a generalized linear model with an age interaction included, showed 

no significant p-values for the individual scores, so there were no interactions occurring. 

For the summary scores, however, the generalized linear model revealed FI as significant 

(p-value of 0.030), and the interaction term of FI and Age having a p-value of 0.051 (see 

Table 7). Looking at the Analysis of Deviance Table, the interaction term of Age and FI 

was significant (p-value=0.036) and the Deviance Residual was 4.392. These results 

indicated that there is likely some interaction between Age and FI. For GEC and Age, 
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there was no interaction. To visualize this interaction, an interaction plot for a binary 

outcome variable was created (Heyas & Matthes, 2009; Heyas, 2017), where parallel 

lines indicate there is no interaction and converging or intersecting lines indicates an 

interaction (Fig. 3; see Appendices C & F). Although this interaction is slight, FI and Age 

were removed from the following analysis to see if the results changed in any way. 

Table 7: Regression Table for Interaction Terms in the Cognitive Task for summary 
scores. Only FI was significant, and the Interaction term for Age and FI was near 
significance. 

 

Summary. For the individual scores, there were no significant interactions, however, for 

the summary scores FI and Age interacted; hence, FI and Age will be removed from the 

following analysis. 
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Figure 3: Interaction Plot of Age and FI in the Cognitive Task. The lines are nearly 
parallel, which suggests that there is not much interaction. The shades of blue 
represent age, and the lines themselves are showing the interaction between FI and 
Age (see Appendices for more details on plot generation).

 
 

Cognitive Analysis with Interaction Terms Removed. The analysis was repeated removing 

Age and FI. The results of the regression and Analysis of Deviance, suggest that Plan 

contributes the most to the model in agreement with the previous section’s results. For 

the summary scores, again in agreement, EMI contributed the most to the model, 

unsurprisingly, as it is the composite of Plan and WM. In the dominance analysis, WM 

again rather than Plan appeared as most contributive; and EMI for the summary scores. 

Overall, the results of the bootstrap (see Table 8) confirmed that EMI is the most robust 

of the BRIEF-P measures in this analysis. 
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Table 8: Summarized results of bootstrap analysis for Cognitive Task. 1 indicates 
dominance, 0 indicates being dominated, and 0.5 indicates no dominance was 
established. WM dominating Plan and Inhibit had poor reproducibility; and looking at 
their general dominance rank, Plan and Inhibit are very close in contribution. EMI 
being dominant over ISCI was a highly robust result. In general, however, these results 
were more robust than when Age and FI were included. 

i K SE Dominance i>k REP 
Plan WM 0.408 0 0.560 
Plan Shift 0.191 0.5 0.844 
Plan Emotion 0.198 0.5 0.822 
Plan Inhibit 0.386 0.5 0.404 
WM Inhibit 0.402 1 0.499 
WM Shift 0.238 0.5 0.698 
WM Emotion 0.243 0.5 0.666 
Inhibit Shift 0.206 0.5 0.810 
Inhibit Emotion 0.229 0.5 0.738 
Shift Emotion 0.239 0.5 0.771 
EMI ISCI 0.314 1 0.889 

 

B. Motor-Spatial Task Analyses 

Binomial Logistic Regression. A total of 157 individuals had data for both the Motor-

Spatial Imitation task and the BRIEF-P reports. Age was shown in the initial regressions 

to have a significant effect on the outcomes of Motor-Spatial Imitation tasks, and in the 

generalized linear model was the only measure of significance (p-value < 0.001) (Tables 

9-10).
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Table 9: Results of regression for 
individual scores in Motor-Spatial 
Task. Only Age appeared as 
significant.

 

Table 10: Results of regression for 
summary scores in Motor-Spatial 
Task. Only Age appeared as 
significant. 

The results of the Analysis of Deviance Table established Age as the most 

significant predictor of outcomes again. No other variables appeared as significant in this 

analysis. In fact, the contrast in Deviance Residual for Age (17.249) and the Deviance 

Residual for Plan (2.058), which was the highest of any variables, showed how much 

more Age was affecting the outcome. The McFadden index was 0.150, suggesting a 

moderate fit.  

Again, for the summary scores only Age was statistically significant in both the 

generalized linear model and the Analysis of Deviance table. In the initial generalized 

linear model, EMI had a p-value of 0.071 but in the Analysis of Deviance table its p-

value was 0.272 and its Deviance Residual while of the highest, was still very low. The 

McFadden index was 0.141, which again is a moderate fit. For the composite score in the 

generalized linear model, in agreement with these results, GEC had no significant effect 

while Age was significant (p-value < 0.001). For the Analysis of Deviance Table, Age 



 

22 
 

again had a deviance residual of 17.249 and a significant p-value <0.001. The McFadden 

index was 0.120, which is a comparable fit to the rest of the analysis.  

Summary. The results of the regression and Analysis of Deviance, suggest that Age was 

most predictive of task outcome. 

Dominance Analysis. The results from the complete, conditional, and general dominance 

analyses indicated that Age overcame every other measure, consistent with the regression 

results. Plan overcame WM, Inhibit, Emotion, and Shift. Dominance could not be 

established between the rest of the variables in complete and conditional. For the 

summary results, Age was dominant over every other variable, while EMI dominated 

ISCI and FI. Finally, Age was dominant over GEC. 

Looking at the Average Contribution by predictor showed the following ranking 

for the individual components: Age (0.12)>Plan (0.015)>Emotion (0.008)>WM 

(0.003)>Inhibit (0.002)>Shift (0.001); for the summary scores: Age (0.12)>EMI (0.014)> 

ISCI (0.006)>FI (0.001). Finally, Age (0.118)> GEC (0.002). 

Summary. For the dominance analysis of the individual scores, consistent with the 

previous section, Age and Plan increased fit the most. For the summary scores, Age 

followed by EMI increased fit the most. While EMI and Plan did appear highest 

compared to the other variables, it is clear how much more Age contributed to the model. 

Bootstrapping. To examine the robustness of these results, a bootstrap analysis was 

performed. The SE across all individual results ranged from 0.07-0.3, which is within 

acceptable range. For the reproducibility results in complete dominance, Plan did not 

show strong reproducibility of dominance over any other component (see Table 11). Age, 
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however, dominated all the individual variables with 0.901 reproducibility or higher (see 

Table 11). Results were similar in conditional and general dominance analysis.  

For the summary scores, the SE ranged from 0.05-0.34, with EMI over ISCI 

having the largest SE at 0.343. Age again was the most robust, dominating all the other 

variables with 0.936 reproducibility or higher. EMI over ISCI and FI had a 

reproducibility of 0.501 and 0.514 respectively. Results were similar for conditional and 

general dominance analyses. Finally, with a SE of 0.045, Age was dominant over GEC 

with 0.998 reproducibility. The bias reported for all was small, suggesting that there is 

not much difference between the general dominance outcome and the estimated bootstrap 

values.  

Summary. The bootstraps results suggest that the only robust outcome of this analysis 

was Age dominating the other measures; the reproducibility for both Plan and EMI 

dominating other measures were poor. 

Table 11. Summarized results of bootstrap analysis for Motor-Spatial Task. 1 
indicates dominance, 0 indicates being dominated, and 0.5 indicates no dominance was 
established. 

i k SE Dominance i>k REP 
Age Plan 0.165 1 0.901 
Age WM 0.112 1 0.947 
Age Inhibit 0.084 1 0.974 
Age Shift 0.073 1 0.978 
Age Emotion 0.097 1 0.967 
Plan WM 0.303 1 0.534 
Plan Inhibit 0.285 1 0.430 
Plan Shift 0.280 1 0.401 
Plan Emotion 0.262 1 0.265 
Age EMI 0.134 1 0.936 
Age ISCI 0.084 1 0.974 
Age FI 0.052 1 0.989 
EMI ISCI 0.343 1 0.501 
EMI FI 0.315 1 0.514 
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Motor-Spatial Age Interaction. Since Age had such a large statistical effect compared to 

the other variables, an interaction analysis between Age and the other variables was 

performed. The generalized linear model showed that WM and Inhibit were significant 

(0.017 and 0.011 resp.) and the interaction terms of Age and WM and Age and Inhibit 

showed statistically significant interactions, p=0.016 and p=0.013 respectively. The 

Analysis of Deviance Table confirmed that the interaction of Age and Inhibit had the 

largest Deviance Residual compared to other variables and interactions, and was 

statistically significant (p=0.008). For the summary scores, there were no statistically 

significant results (extended results in Appendix D). 

Summary. The results of this analysis suggest that WM, Inhibit, and Age should be 

removed as they interact (see Fig. 4-5). 
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Figure 4: Interaction Plot for Age and Inhibit in Motor-Spatial Task. The lines are converging, suggesting that interaction is 
occurring. 
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Figure 5: Interaction Plot for Age and WM in Motor-Spatial Task. The lines are nearly parallel, however, they each have 
different slopes, indicating some interaction. 

 

 



  

27 
 

Motor-Spatial Analysis with Interaction Terms Removed. The variables that had the 

greatest effects in the initial regression and Analysis of Deviance were Plan and Emotion, 

and correspondingly EMI and ISCI, but none of these results were significant. The results 

of the dominance analysis showed that Plan and EMI contributed most to the models in 

agreement with the analysis where interaction terms were included. The only somewhat 

robust result was Plan being dominant over Shift (see Table 12). 

Table 12: Summarized results of bootstrap analysis for Motor-Spatial Task with 
Interaction Terms Removed. 1 indicates dominance, 0 indicates being dominated, and 
0.5 indicates no dominance was established. While EMI was dominant over ISCI and 
FI, these results were not very robust. The results overall, however, were more robust 
than when interaction terms were included, but nowhere near as robust as Age was in 
the initial model. 

i k SE Dominance i>k REP 
Plan Shift 0.386 1 0.649 
Plan Emotion 0.412 1 0.496 
Shift Emotion 0.395 0 0.483 
EMI ISCI 0.390 1 0.554 
EMI FI 0.374 1 0.555 
ISCI FI 0.384 0.5 0.398 

 

C. Tower Task Data Analyses 

Binomial Logistic Regression. A total of 167 individuals had data for both the Tower 

Task and the BRIEF-P scores. Age was not significant in the generalized linear model as 

reported before, and the Analysis of Deviance table also shows it to have an insignificant 

p-value and a small Deviance Residual. All the other measures were also nonsignificant 

in the initial regression (see Tables 13-14).  

 

 



  

28 
 

Table 13: Regression results for 
individual scores for Tower Task. No 
significant results.  

Table 14: Regression results for 
summary scores for Tower Task. No 
significant results. 

 

 
 

In the Analysis of Deviance Table, Shift had the largest Deviance Residual 

(2.855) but this result was not significant (p = 0.091). The McFadden index moreover 

was very low at about 0.041, suggesting that the data did not fit this regression well. For 

the initial regression for the summary scores, no variables were significant. In the 

Analysis of Deviance table, FI had a p-value of 0.070 and its Deviance Residual was the 

largest at 3.305 and the second largest was EMI with a Deviance Residual of 1.702 and a 

p-value of 0.192. Again, the McFadden index was 0.038, suggesting that the regression 

model is not a great fit for the observed data. Finally, for GEC and Age the generalized 

linear model and Analysis of Deviance was not significant and the fit was poor. 

Summary. None of the results of the regression were significant. For the Analysis of 

Deviance, Shift had the highest Deviance Residual but no significant p-value. 
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Correspondingly, FI (composed of Shift and Emotional Control), had the highest 

Deviance Residual, but again this was not significant.  

Dominance Analysis. For the complete dominance analysis, both WM and Inhibit 

dominated Plan, but the rest of the relationships were indeterminate. For the summary 

scores, EMI overcame ISCI and Age. In the conditional dominance analysis, both WM 

and Inhibit overcame Plan and Age. For the summary scores, EMI overcame ISCI and 

Age. In the general dominance analysis, WM overcame every other variable and Shift 

overcame Emotion, Inhibit, Plan and Age. Age was dominated by every variable. For the 

summary scores, EMI overcame the rest of the variables, and again Age was dominated 

by all others. Finally, in all dominance conditions, for the composite score, GEC 

dominated Age. 

Looking at the Average Contribution by predictor showed the following ranking 

for the individual components: Shift (0.009)=WM (0.009)>Emotion (0.008)=Inhibit 

(0.008)>Plan (0.004)>Age (0.003); and for the summary scores, EMI (0.015)>FI 

(0.014)> ISCI (0.005)> Age (0.003). Finally, GEC (0.004)> Age (0.003). 

Summary. In the dominance analysis, consistent with the results of the regression Shift 

and FI were most contributive to the model. WM and EMI were also, however, equally 

contributive, which is consistent with the results for the previous tasks. 

Bootstrapping. The results of the bootstrapping analysis showed that bias was low and SE 

varied from about 0.3 to 0.4. In the complete, conditional, and general dominance 

analyses, WM dominated Plan with a low reproducibility of 0.377. The rest of the 

measures were all incomplete dominance. For the summary scores, the bias again was 
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low and the SE ranged from 0.3 to 0.4. In the complete, conditional, and general 

dominance analyses, EMI dominated both Age and ISCI with a reproducibility of 0.572, 

which is not robust, but not poor. Finally, Age was dominated by GEC with a SE of 0.5, 

low bias, and reproducibility of 0.555. 

Summary. None of the results for the individual scores were robust. EMI dominating 

Age, however, had a reproducibility of 0.572 as did EMI dominating ISCI, which while 

not robust, is moderate. 

Table 15: Summarized results of bootstrap analysis for Tower Task. 1 indicates 
dominance, 0 indicates being dominated, and 0.5 indicates no dominance was 
established. 

i k SE Dominance i>k REP 
WM Plan 0.352 1 0.377 
WM Inhibit 0.369 0.5 0.455 
WM Shift 0.294 0.5 0.654 
WM Emotion 0.294 0.5 0.779 
Plan Inhibit 0.326 0 0.296 
Plan Shift 0.244 0.5 0.736 
Plan Emotion 0.219 0.5 0.798 
Age EMI 0.349 0 0.572 
EMI ISCI 0.383 1 0.572 
Age GEC 0.497 0 0.555 

 

Tower Task Age Interaction. For the generalized linear model with Age as an interaction 

term, no results were significant. Again, in the Analysis of Deviance, no results were 

significant, although the interaction term of Age and Plan had a p-value of 0.097 and a 

Deviance Residual of 2.753, just below Inhibit which had the highest Deviance Residual 

at 2.855. Since no interactions were significant, the Tower Task re-analysis was not 

reported (but see Appendix E). 
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D. Summary 

Overall, in line with this thesis’ predictions, age was a significant predictor of task 

performance (except in the Tower Task), dominating the other variables. In the Cognitive 

Task, Age and WM had the highest predictive power. The summary scores showed again 

Age as most predictive, and then EMI; Age also overcame GEC. When Age was 

removed, the ranking for the variables were similar. In the Motor-Spatial Tasks, Plan and 

EMI contributed the most to the model, once interaction terms were removed, but these 

results were not robust. Age in the initial Motor-Spatial analysis, however, was not only 

significant but was dominant in almost 100% of models, and the fit was much better 

when Age was included, suggesting that Age in the Motor-Spatial task had the best 

explanatory power; however, both EMI and Plan were the next highest in this analysis. 

The main difference between the results of the Cognitive and Motor-Spatial Tasks 

was Age’s contribution. Even though Age was also highlighted as the most contributive 

to the model in the Cognitive Task, it was much more strongly affecting the model in the 

Motor-Spatial Task. The influence of WM and EMI in the Cognitive Task was more 

robust than Plan and EMI in the Motor-Spatial Task, however, it was interesting that for 

both these tasks similar parts of EF were implicated. The third highest predictor, 

however, for the Motor-Spatial was Emotion and for the Cognitive it was Inhibit.  

In contrast to both the Cognitive and Motor-Spatial Tasks, Age was the least 

predictive variable in the Tower Task, with Shift and WM being comparably predictive. 

Although Shift had appeared in the Cognitive Task regression as potentially promising, it 

did not end up ranking high in the dominance analysis. For the summary scores, EMI and 

FI were the most contributive, consistent with the individual scores; finally, the Tower 
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Task was the only task where GEC overcame Age (c.f., Table 16). EMI being the most 

contributive for the BRIEF-P summary scores was a shared result across all three tasks. 

Interestingly, both Inhibit and Emotion which had appeared separately in the Motor-

Spatial and Cognitive Tasks were tied for second most contributive in the Tower Task 

dominance analysis. None of these results in the Tower Task, however, were robust. 

Table 16: Summarized results of most contributive predictors to the model in 
dominance analyses. 

Task Highest Individual Scores Highest Summary 
Scores 

Age 
vs. 
GEC 

Cognitive Task Age>WM 
WM>Inhibit 

Age>EMI 
EMI>ISCI 

Age 

Motor-Spatial 
Task 

Age>Plan 
Plan>Emotion 

Age>EMI 
EMI>ISCI 

Age 

Tower Task Shift=WM>Inhibit=Emotion EMI>FI GEC 
 

E. Between Tasks Analysis 

Logistic Regressions Between Tasks. To determine if performance of a given individual 

on one task predicted performance of that individual on other tasks, binomial logistic 

regressions were performed. For a total of 140 children, Motor-Spatial Tasks and 

Cognitive Tasks were not significantly predictive of each other (p≈0.275) in a 

generalized linear model, and had a Pearson’s correlation of around 0.09, indicating little 

to no correlation. There was also not enough overlapping data on children who performed 

Motor-Spatial, Cognitive, and Tower Tasks to be able to analyze whether they were 

predictive of each other. The p-values for Motor-Spatial and Cognitive being predictive 

of Tower performance were unsurprisingly close to 1, given the scant overlap. 
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Better Imitators Predicted by BRIEF-P Scores? High imitators were defined as children 

who were successful in at least two out of three tasks, and low imitators were defined as 

those who were only successful in one task. Each individual was assigned the label High 

or Low Imitator, where High corresponded to a score of 2 or 3 indicating they were 

successful in at least 2 tasks, and Low when they were either totally unsuccessful or only 

completed one task successfully. For analysis, individuals were simply categorized as 

High or Low. The data again were sparse for addressing this question (n=16), and 

unsurprisingly the p-values were close to 1. However, looking at boxplots for GEC, EMI, 

WM, and Plan (Fig. 6-9) show some potentially promising results if more data were 

available: the mean (represented by points) for each BRIEF-P measure is slightly lower 

for high imitators compared to low imitators, suggesting that a better EF score could be 

predictive of better imitation across different tasks.  

It should be noted, however, that the mean is particularly susceptible to outliers 

and the median (represented by horizontal lines) shows no clear trends. Overall, more 

data are needed with performance across all three tasks. It would also be interesting to 

divide the imitators not only into high and low, but into categories representing which 

tasks they succeeded in (e.g., group MC as motor-spatial and cognitive success, or MCT 

as motor-spatial, cognitive, and tower etc.) to see what patterns emerge. Although a 

neural network was considered for extending the data points, there was not enough 

consistency in results or input for prediction through neural network. 
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Figure 6: Boxplot of Mean EMI Score by Imitator Type. 
Mean score (represented by the point) of EMI for Low 
Imitators is slightly higher than for High Imitators. The 
horizontal line represents the median, and the vertical lines 
represent the range (minimum to maximum). 

 

 

Figure 7: Boxplot of Mean GEC Score by Imitator Type. 
Mean score (represented by the point) of GEC for Low 
Imitators is slightly higher than for High Imitators.  
The horizontal line represents the median, and the vertical 
lines represent the range (minimum to maximum). 
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Figure 8: Boxplot of Mean WM Score by Imitator Type. 
Mean score (represented by the point) of WM is slightly 
higher for Low Imitators than for High Imitators. The 
horizontal line represents the median, and the vertical lines 
represent the range (minimum to maximum).  

                                   

                                                             

Figure 9: Boxplot of Mean Plan Score by Imitator Type. 
Mean score of Plan is slightly higher for Low Imitators than 
for High Imitators.  

 

 

Range 
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Chapter 4: Conclusions 

Age was the most predictive of task outcome, except in the Tower Task. For the 

Cognitive Task, WM and Inhibit had the highest predictive power; and for the summary 

scores, EMI was the most predictive, which is expected as it is composed of WM and 

Plan. Plan, in the initial regression and Analysis of Deviance, had appeared as significant 

for the Cognitive Task; and its ranking in the dominance analysis was just behind Inhibit 

(0.02 for Plan versus 0.021 for Inhibit)—although it was not dominate in the dominance 

analysis, it was not consistently dominated. For the Motor-Spatial Task, Plan contributed 

the most to the model and again EMI; however, in contrast to the Cognitive Task, when 

interaction terms were preserved, the reproducibility of Age was nearly 100%, while the 

other variables had around 50% reproducibility.  

Even though the Cognitive Task agreed with the Motor-Spatial Task that Age was 

most significant, the reproducibility of age over other variables was not much better than 

the reproducibility of Plan, Shift, and WM over other variables; in fact, EMI over ISCI 

had a reproducibility of almost 80%, making EMI dominating other EF measures a more 

robust result in the cognitive analysis than Age dominating other measures. The general 

rankings for the components of EF remained consistent when Age was removed, 

however, for both the Cognitive and Motor-Spatial tasks, the results of the dominance 

analysis were more robust. 

In contrast to both the Cognitive and Motor-Spatial Tasks, Age was the least 

predictive variable in the Tower Task, with WM and Shift being the most predictive and 

Emotion and Inhibit tying for second. For the summary score, EMI appeared as the most 

predictive, as it did for the other tasks. These results, however, were not robust. The 
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Tower Task, however, did differ from the other tasks in that the regression fit was much 

poorer.  

That the Tower Task was less straightforward than the other two tasks perhaps 

reflects its increased demands: involving not only the social learning aspect, but the 

motor manipulation of 3D objects, and consideration of optimal construction. Further, as 

noted in the introduction, the measure for the Tower Task was of summative imitation. 

Even so, the results are promising that EF is related to social learning ability, and 

particularly that planning, updating working memory, and inhibiting are vital to task 

success. As noted above, interestingly emotional control was also tied to inhibit in the 

Tower Task, and was the next most predictive after Age and Plan in the Motor-Spatial 

Task.  

From the results of the first two imitation tasks, the conclusion that age alone is 

predicting task outcome would be more convincing than the conclusion that EF is playing 

a significant role. However, the results from the Tower Task where the same EF 

measures appeared on top while Age was ranked the lowest, suggests that EF is 

particularly (perhaps, uniquely) important for imitation success in that task. This 

conclusion is further corroborated by reports of deficits in EF affecting social learning in 

autistic and ADHD children (Bradford, Jentzsch, & Gomez, 2015; Hollocks et al., 2014; 

Li et al., 2018; Rosello et al., 2017; but see Beck, 2016).  
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Chapter 5: Future Directions 

The measurements of executive functioning were based on parent reports of 

behavior. While they have ways to control for error, they are still indirect. In addition to 

BRIEF-P reports, it could be enlightening then to record brain activity through EEG/ERP 

to more precisely pinpoint which subcomponents of EF are being employed (see review 

Downes, Bathelt, & Haan, 2017). For instance, some studies have suggested that the 

dorsolateral prefrontal cortex is connected to WM and planning and the orbitofrontal 

cortex is related to inhibition and emotional control (Szczepanski & Knight, 2014; Yuan 

& Raz, 2014). 

Moreover, future studies should also consider how EF is correlated to emulation, 

particularly how it relates to whether an individual overimitates, imitates, or emulates 

given task complexity as previous research has noted that imitating or emulating may be 

related to WM demands and cognitive load (i.e., anything that increases task complexity 

and constrains what is encoded and recalled) (Speidel et al., 2021; Subiaul & Schilder, 

2014). According to the model developed by Speidel et al. (2021), conditions of high 

cognitive load limit encoding and retrieval and increase exploratory goal-directed 

responses, meaning lower fidelity and higher rates of emulation. On the other hand, when 

there are conditions of low cognitive load, encoding and retrieval are high, meaning 

higher fidelity and lower rates of emulation. According to this model as well, older 

individuals in general are able to handle larger cognitive loads than younger individuals. 

Besides, as noted above, emulation is the preferred mode of non-human primates, 

so noting what influences imitation and emulation and how it relates to EF could be 

informative for comparative psychology. In addition, it is important to consider EFs 
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predictive power in asocial learning as compared to social learning conditions across 

various types of comparable tasks to determine whether its relationship is the same in 

both or if it is more significant in one. 

Although EF is involved in the performance of complex and goal-oriented tasks 

outside of social situations, there is a real role it is playing in particularly social 

interactions that should not be ignored, given both the results of this analysis and 

previous literature exploring EF’s role in the development of social cognition. The 

potential inextricability of EF and social experience is highlighted by Doebel (2020) in 

her approach to understanding EF. In contrast to the component-process view of EF (i.e., 

considering how associated components like WM develop), she suggests that the 

development of EF is better understood as the emergence of skills in using control for 

specific goals, where goals activate and are shaped by knowledge, beliefs, norms, values, 

and preferences. A key direction of future research is then, as she points out, to 

understand how mental content influences the way children engage control, which in turn 

may help explain individual, group, and developmental differences in EF (Doebel, 2020). 

Incorporating more participants from diverse cultures and familial backgrounds then is a 

critical area of future research, to help us better understand what characterizes the 

relationship between EF and social learning. 
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Appendix A: Criteria for Binomial Logistic Regressions 

 

Data does not have to be normally distributed, however, it needs to satisfy the 

following criteria: (1) the dependent variable must be binary, (2) the observations to be 

independent of each other (in this analysis, the individual scores, summary scores, and 

composite scores were separated for this reason), (3) little to no multicollinearity among 

the independent variables, (4) linearity of independent variables and log odds (for this 

analysis, the log odds for the Cognitive and Motor-Spatial tasks were fairly linear; the 

Tower Task was less so), (5) few to no outliers (observed using graphs of Cook’s 

Distance; outliers were preserved, however, to avoid losing valuable data), (6) a large 

sample size (Stolzfus, 2011). 
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Appendix B: Expanded Bootstrap for Cognitive Imitation Task 

 

The SE was highest for WM over Plan and WM over Inhibit (0.382 and 0.372 

respectively). For the complete dominance analysis, WM dominated Plan with 0.455 

reproducibility. Age was dominant over Plan and Inhibit with a reproducibility of 0.455 

and 0.451 respectively, but its dominance over Shift and Emotion was 0.695 and 0.735 

reproducibility respectively. WM was the only measure that Age did not dominate, with 

0.618 reproducibility. The rest of the results were inconclusive dominance. These results 

were similar for both the conditional and general dominance. For the summary scores, 

Age had incomplete dominance over EMI with a reproducibility of 0.494, and dominated 

ISCI and FI with 0.506 and 0.622 reproducibility respectively. EMI was dominant over 

ISCI and FI with 0.766 and 0.508 reproducibility respectively. The results were similar 

for the conditional and general conditions. The SE ranged from 0.2-0.35 and the bias was 

low. Finally, Age was dominant over GEC with a SE of 0.483, low bias, and 

reproducibility of 0.632. 
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Appendix C: Cognitive Interaction Analysis 

 

Binomial Logistic Regression (Interaction Terms Removed). The analysis was repeated 

removing Age and FI. In the generalized linear model, none of the variables had 

significant p-values. In the Analysis of Deviance table, Plan had the largest Deviance 

Residual (6.493) and a significant p-value of 0.011 and Shift had the next largest (3.696) 

and a p-value of 0.055. The McFadden fit was poorer than when age was included, at 

0.093. For the summary scores, in the generalized linear model, EMI did not have a 

significant p-value (0.074). In the Analysis of Deviance Table, however, the Deviance 

Residual for EMI was 7.968 and its p-value was significant at 0.005. The McFadden 

Index again was lower than when interaction terms were included (0.057). GEC was not 

considered since it is the composite of the other scores and no longer had Age to be 

compared against. 

Summary. These results suggest that Plan contributes the most to the model in agreement 

with the previous section’s results. For the summary scores, again in agreement, EMI 

contributed the most to the model, unsurprisingly, as it is the composite of Plan and WM. 

Dominance Analysis (Interaction Terms Removed). For the complete dominance analysis 

matrix, WM was dominant over Plan and Inhibit; the rest were inconclusive. In the 

conditional dominance analysis matrix, WM was dominant over Inhibit, Emotion and 

Plan, and Inhibit was dominant over Plan. Finally, in the general dominance condition, 

WM was dominant over every other variable and Inhibit over Plan, Shift, and Emotion. 

The average contribution by predictor was the following: WM (0.032)> Inhibit (0.021)> 

Plan (0.019)> Shift (0.012)> Emotion (0.008). For the complete, conditional, and general 
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dominance analysis matrix for the summary scores, EMI was dominant over ISCI. The 

average contribution by predictor was: EMI (0.04)> ISCI (0.017). 

Summary. WM again rather than Plan appeared as most contributive in the dominance 

analysis; consistent with previous results, EMI contributed the most to the model for the 

summary scores. 

Bootstrapping (Interaction Terms Removed). The results of the bootstrapping showed a 

small bias, the SE was slightly higher than when interaction terms were included (ranging 

from 0.191-0.408). For the complete dominance results, WM dominating other variables 

had poor reproducibility except over Shift and Emotion, where it had 0.698 and 0.666 

reproducibility respectively. These results were consistent for the conditional and general 

dominance conditions as well. Again, for the summary results, there was a small bias and 

a standard error of 0.314. The reproducibility for complete dominance of EMI over ISCI 

was 0.889, which is more robust than the analysis with the interaction term included. 

These results were consistent for the conditional and general dominance conditions as 

well. Overall, the reproducibility for these dominance relationships was greater than 

when interaction terms were included. 

Summary. These results show that WM dominating Plan and Inhibit had poor 

reproducibility; and looking at their general dominance rank, Plan and Inhibit are very 

close in contribution. EMI being dominant over ISCI was a highly robust result. EMI 

then is confirmed as the most robust outcome of these analyses. 
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Appendix D: Motor-Spatial Interaction Analysis 

 

Binomial Logistic Regression (Interaction Terms Removed). Removing Age, WM, and 

Inhibit as predictors in the binomial logistic regression analysis yielded a poor fit (0.026 

and 0.017 respectively) for both individual and summary scores and no significant 

results. Although the p-value for Plan was 0.095 in the generalized linear model, in the 

Analysis of Deviance table, Emotion had the greatest Deviance Residual, and decreased 

the Residual Deviance by the greatest amount.  

Summary. The variables that ended up having the greatest effects were Plan and Emotion, 

and correspondingly EMI and ISCI, but none of these results were significant. Again, 

GEC was removed because it is a composite of the other measures and could not be 

analyzed independently without Age as comparison. 

Dominance Analysis (Interaction Terms Removed). Plan was dominant over all other 

variables, while Emotion was dominant over Shift for complete, conditional, and general 

dominance. In the complete, conditional, and general dominance analysis matrices, EMI 

was dominant over ISCI and FI. Looking at the average contribution by predictor showed 

the following ranking: Plan (0.015)> Emotion (0.009)>Shift (0.002); for the summary 

scores: EMI (0.011)> ISCI (0.004)> FI (0.001). 

Summary. The results of the dominance analysis showed that Plan and EMI contributed 

most to the models in agreement with the analysis where interaction terms were included. 

Bootstrapping (Interaction Terms Removed). The results of the bootstrap showed small 

bias, a SE around 0.25. Across conditional, complete, and general dominance the most 

robust result was Plan dominating Shift, which had a reproducibility of 0.649. The results 
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for the summary scores showed small bias and a SE around 0.4. In the complete, 

conditional, and general dominance matrices, the reproducibility for EMI over ISCI and 

EMI over FI was 0.554 and 0.555 respectively, which were not particularly robust results. 

Summary. The only somewhat robust result was Plan being dominant over Shift. While 

EMI was dominant over ISCI and FI, these results were not very robust. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



   

60 
 

Appendix E: Tower Task Analysis without Age 

 

Binomial Logistic Regression (No Age). The initial generalized linear model showed no 

significant p-values. For the Analysis of Deviance Table, again nothing was significant 

but Shift had a Deviance Residual of 2.994 and a p-value of 0.087. The McFadden index 

was 0.038. For the summary scores, the generalized linear model showed nothing 

significant with EMI having a p-value of 0.148 and FI of 0.080. In the Analysis of 

Deviance table, FI had a deviance residual of 3.350 and a p-value of 0.067; EMI had a 

deviance residual of 1.620 and a p-value of 0.203. The McFadden index was 0.035, 

suggesting a very poor fit. 

Summary. The results of this analysis showed, that Shift was the most predictive of 

outcome for the individual scores. For the summary scores, FI and EMI contributed the 

most to the model. None of these results, however, were significant. 

Dominance Analysis (No Age). For the complete dominance analysis, WM overcame 

Plan and Inhibit overcame Plan. For the conditional dominance analysis, WM overcame 

Plan, Inhibit overcame Plan, and Shift overcame Emotion. For the general dominance 

analysis, Shift overcame WM, Inhibit, Emotion, and Plan; WM overcame Inhibit, 

Emotion, and Plan; Inhibit overcame Emotion and Plan; and Emotion overcame Plan. For 

the summary scores, EMI overcame ISCI in the complete and conditional dominance 

matrices. For the general dominance analysis, EMI overcame FI and ISCI, and FI 

overcame ISCI. For the average contribution by predictor, WM (0.009)> Shift (0.009)> 

Inhibit (0.008)> Emotion (0.008)> Plan (0.004). For the summary scores, EMI (0.015)> 

FI (0.014)> ISCI (0.006). 
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Summary. The results of the dominance analysis suggest that WM and Shift contributed 

similarly to the model, and EMI and FI contributed similarly to the model. 

Bootstrapping (No Age). For the individual scores, the bias was small and the SE ranged 

from 0.3-0.4. In the complete dominance analysis, WM dominated Plan with a 

reproducibility of 0.395; and Inhibit dominated Plan with a reproducibility of 0.322. 

These results were consistent for conditional and general dominance analyses. For the 

summary scores, EMI overcame ISCI with a reproducibility of 0.588 in all dominance 

analyses. The SE ranged from 0.35-0.4 and the bias was small. 

Summary. The bootstrap suggested that none of the results were robust; the best result 

was EMI being dominant over ISCI, which had a reproducibility of 0.588. 

Table: Summarized results of bootstrap analysis, where 1 indicates dominance, 0 
indicates being dominated, and 0.5 indicates no dominance was established. 

 

i k SE Dominance i>k REP 
WM Plan 0.361 1 0.395 
WM Inhibit 0.384 0.5 0.411 
WM Shift 0.307 0.5 0.624 
WM Emotion 0.248 0.5 0.754 
Plan Inhibit 0.332 0 0.322 
Plan Shift 0.258 0.5 0.702 
Plan Emotion 0.228 0.5 0.783 
EMI ISCI 0.397 1 0.588 
EMI FI 0.393 0.5 0.368 
ISCI FI 0.345 0.5 0.453 
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Appendix F: Explanation of Interaction Plot 

 

An interaction occurs if the relationship between one predictor, and the response 

variable, depends on another independent variable (Fisher, 1926). For two predictors for 

and one response, if the slopes of an interaction plot are parallel, the effect of one 

predictor on the response is the same at all levels of the other variable, and there is no 

interaction (Aiken & West, 1991; Allison, 2014; Fisher, 1926; Hardy, 1993; Hayes & 

Matthes, 2009; Jaccard, 2001; Johnson & Neyman, 1936). To understand the interactions, 

the logit or estimated probabilities can be used for logistic regressions. In R, first the 

results of a binary logistic regression (with the response as binary) were expressed in log-

odds metric; and then the conditional effects of the focal predictor at values of the 

moderators were used to visualize the data (Hayes, 2017). The y-axis of the plot is in 

logit metric. Just as a typical interaction plot for linear regressions, the convergence of 

the lines indicates interaction. 


