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 The purpose of the current study is to explore whether teacher reports (using the response 

data of the teacher reports and direct assessments to explore the factor structure of the Behavior 

Rating Inventory of Executive Function, Second Edition) and direct assessments (using the Early 

Years Toolbox) adequately measure global executive functions for socio-demographically 

diverse lower-level elementary school children and to undertake a preliminary investigation of 

whether a similar structure holds for child sex and grade. Additionally, I sought to understand the 

relationship between the two measures of global executive functions. Findings suggest that a 

single global structure of teacher reports holds for the full sample as well as for different samples 

while a two-factor structure of direct assessments holds for the full sample, for girls, and for each 

grade. Moreover, teacher reported global executive functions is significantly and moderately 

correlated with directly assessed global executive functions in the full sample. 
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CHAPTER 1 

INTRODUCTION 

Research has shown that children with better executive functions are more likely to 

succeed both academically and behaviorally (Hughes, 1998; Gathercole et al., 2004; Blair & 

Razza, 2007; Duncan et al., 2007; McClelland et al., 2007; Rimm-Kaufman, Curby, Grimm, 

Nathanson, & Brock, 2009; Borella et al., 2010; Morrison et al., 2010; Diamond, 2012). 

Executive functions are the constellation of higher-order, cognitive processes, and top-down 

mental processes, which are necessary for concentrating attention, organizing information, and 

planning goal-directed behavior (Blair & Ursache, 2010; Diamond, 2012; McKinnon & Blair, 

2018). Children’s executive functions are important for children’s learning and development, and 

they have been measured with both teacher reports and direct assessments. However, there is no 

clear evidence as to which is a more valid approach to understanding global executive functions. 

Both teacher reports and direct assessment have their advantages and limitations. The differences 

in how we measure global executive functions have led to some inconsistencies in the research 

exploring the effects of these skills on other outcomes like reading and mathematics. 

Dimensions and Importance of Executive Functions 

Three common dimensions of executive functions were labelled as working memory, 

inhibition/inhibitory control, and cognitive flexibility (i.e., shifting) (Diamond, 2012; Lehto, 

Juujarvi, Kooistra, & Pulkkinen, 2003; O’Meagher, Norris, Kemp, & Anderson, 2019). Working 

memory refers to a mental workplace where information is stored and processed for a short time 

in the course of demanding cognitive activities, and it enables individuals to temporarily 
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remember information while competitively processing information (Baddeley, 1986; Baddeley & 

Hitch, 1974; Miyake & Shah, 1999). Working memory can be divided into two domains: visual-

spatial working memory and phonological working memory (Baddeley, 1986; Baddeley & 

Hitch, 1974). Inhibition/inhibitory control involves being able to control one’s attention, 

behavior, thoughts, and/or emotions to override a strong internal predisposition or external lure, 

and instead do what’s more appropriate or needed (Diamond, 2012). Cognitive flexibility is the 

ability to adapt the cognitive processing strategies to face new and unexpected conditions in the 

environment (Canas, Quesada, Antoli, & Fajardo, 2003), which involves two aspects: one is 

being able to change perspectives spatial or interpersonally, the other is being flexible enough to 

adjust to changed demands or priorities, to admit you were wrong, and to take advantage of 

sudden, unexpected opportunities (Diamond, 2012). Together, these broad sets of skills are 

thought to comprise global executive functioning. 

Executive functions emerge in infancy and develop throughout the preschool and 

elementary school age periods sequentially (Carlson, 2005; Diamond, 1990; Garon, Bryson, & 

Smith, 2008; Hughes, Ensor, Wilson, & Graham, 2010; O’Meagher et al., 2019). Specifically, 

research indicated that inhibition appears to emerge in infancy and develops rapidly in early 

childhood, while both cognitive flexibility and working memory develop rapidly between 3 and 

8 years of age (Anderson, 2002). It is disproportionately difficult for children in 3-8 age of years 

to develop inhibitory control, but even infants of 9 to 12 months can start updating the content of 

their working memory (Diamond, 2012). Children 2.5 years of age can complete the most basic 

cognitive flexibility task but they cannot fully succeed until 5 years of age (Brooks et al. 2003, 

Perner & Lang 2002). Therefore, children develop their executive functions mostly in the period 

of preschool and early elementary school age. 
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Executive functions play a significant role in children’s learning and development. 

Executive functions in the learning context refer to a kind of skill or attribute that reflects the 

extent to which children in the classroom persevere with difficult tasks, plan, problem solve, and 

complete tasks (Brock, Rimm-Kaufman, Nathanson, & Grimm, 2009). Children with strong 

executive functions can control their behavior, mentally manipulate information, and adapt to 

changing rules and challenges (McClelland et al., 2007; Rimm-Kaufman, Curby, Grimm, 

Nathanson, & Brock, 2009). Also, executive functions are closely associated with children’s 

cognitive characteristics, such as language ability and understanding of false beliefs (Hughes, 

1998). Moreover, executive functions contribute to school readiness and school success, 

especially in numeracy, literacy, and reading competence (Blair & Razza, 2007; Borella et al., 

2010, Duncan et al., 2007, Gathercole et al., 2004; Morrison et al., 2010). Children with lower 

executive functions may have difficulty staying on task, act more impulsively with their peers or 

teachers, struggle with academic content, or find it difficult to communicate with others in the 

classroom (Diamond, 2012).  

Despite evidence suggesting executive functions are important, the measurement of 

executive functions remains challenging. There are three general issues. First, many 

measurements of executive functions focus on one or several separate dimensions of executive 

functions, especially in direct assessments, but little research focuses on whether the 

measurements (e.g., teacher reports and direct assessments) are valid to understanding global 

executive functions. Second, it is difficult to be sure that the three broad sets of skills (e.g., 

working memory, inhibition, and cognitive flexibility) reflect executive functions, so some 

reviewers have called for studies attempting to understand executive functions to include 

multiple measures of these overlapping constructs (Bernier, Matte-Gagné, & Bouvette-Turcot, 
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2014; Carlson, 2005; Kochanska & Knaack, 2003; Zhou, Chen, & Main, 2012). Third, the 

construct of executive functions has been defined broadly but measured narrowly, so the 

distinction between the broad and narrow sense causes the difficulty to measure (Toplak, West, 

& Stanovich, 2013). In other words, children performing well on a single executive functioning 

task (narrow) does not suggest that they show competence in global executive functions. To 

summarize, executive functions are thought to play a significant role on children’s learning and 

development and develop partially as a function of caregiver socialization, so measurement is 

important to consider (Bari & Robbins, 2013; Brock, Rimm-Kaufman, Nathanson, & Grimm, 

2009; Conway & Stifter, 2012; Hammond, Müller, Carpendale, Bibok, & Liebermann-Finestone, 

2012). In this paper, two measures of executive functions involving one teacher report and one 

direct assessment with their advantages and limitations are discussed in the following sections. 

Teacher Report 

Teacher reports can be considered as an important source for measuring children’s 

executive functions. Teacher reports of children’s executive functions include measures like the 

Work-Related Skills (WRS) and Interpersonal Skills (IPS) subscales of the Cooper-Farran 

Behavioral Rating Scale (CFBRS; Cooper & Farran, 1988, 1991), the attention focusing and 

inhibitory control subscales of the Children’s Behavior Questionnaire (Rothbart, Ahadi, Hershey, 

& Fisher, 2001), Childhood Executive Functioning Inventory (CHEXI; Thorell & Nyberg, 2008; 

Thorell et al., 2010), Working Memory Rating Scale (WMRS; Alloway et al., 2008), 

Dysexecutive Questionnaire (DEX); Part of the Behavioral Assessment of the Dysexecutive 

Syndrome (BADS; Wilson et al., 1996) and Behavior Rating Inventory of Executive Function 

(Gioia, Isquith, Retzlaff, & Espy, 2000). Moreover, a teacher survey was designed especially for 

https://onlinelibrary.wiley.com/doi/full/10.1111/jcpp.12001#b4
https://onlinelibrary.wiley.com/doi/full/10.1111/jcpp.12001#b107
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K-5th grade children’s self-control, persistence, and social competence (Scarupa, 2014). 

Additional information of each of these teacher reports of executive functions is listed in Table 1. 

Advantages. Researchers believe that teacher reports have advantages for measuring 

children’s executive functions. Specifically, teacher reports are relatively cost efficient compared 

to direct assessments because they typically occur in the classroom (Garcia, Sulik, & Obradović, 

2019). Moreover, teacher reports of executive functions can provide unique information about 

students’ self-regulation capacities in the context of the classroom environment that is not 

reflected in direct assessments (Fuhs, Farran, & Nesbitt, 2015) or even parents reports. Toplak et 

al. (2013) argued that teacher reports are believed to have ecological validity because they 

capture children’s behavior in real-world contexts, which suggests that teacher reports capture 

how children use executive function skills in the dynamic and distracting classroom 

environment. Furthermore, researchers indicated that teachers’ reports of executive functions can 

independently predict academic achievement (Blair, Ursache, Greenberg, & Vernon-Feagans, 

2015; Fuhs et al., 2015; Obra-dovic ́, Sulik, Finch, & Tirado-Strayer, 2018). Hence, the 

advantages of teacher reports include cost efficiency, ecological validity, and more utility in 

measuring students’ academic achievement in the classroom environment.  

Limitations. Although teacher reports of executive functions can have powerful 

implications for children’s academic skills and cognitive ability, they can also be influenced by 

some external factors including teachers’ socioeconomic status and students’ demographic 

characteristics; as such teachers’ perceptions of executive function skills may be biased (Garcia, 

Sulik, & Obradović, 2019; Nisbett & Wilson, 1977; Ready & Wright, 2011). The bias refers to 

the degree to which teachers systematically overestimate or underestimate students’ skills, 

controlling for a direct assessment. For example, Ready and Wright (2011) argued that teachers 
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in lower-socioeconomic-status and lower-achieving contexts may more often underestimate their 

students’ cognitive abilities. Also, student-teacher relationship quality biases teachers against 

students’ skills (Hughes, Gleason, & Zhang, 2005). Furthermore, because there is evidence that 

academic skills are strongly related to executive functions (Matthews, Ponitz, & Morrison, 2009; 

Ursache, Blair, & Raver, 2012), by evaluating whether children’s academic skills (e.g., literacy 

skills and reading skills) are affected by the bias of teacher reports, Garcia et al. (2019) estimated 

whether children’s executive functions measured by teacher reports are also biased. Research 

indicated that teacher reports on children’s academic skills were inconsistent with direct 

assessments of children’s academic skills because teachers were influenced by children’s various 

demographic characteristics including gender, ethnicity, and ELL status (Baker, Tichovolsky, 

Kupersmidt, Voegler-Lee, & Arnold, 2015; Hinnant, O’Brien, & Ghazarian, 2009; Hughes, 

Gleason, & Zhang, 2005; McKown & Weinstein, 2008; Ready & Wright, 2011). Therefore, 

similar to the relationship between teacher reports of children’s academic skills and teachers’ 

bias from children’s demographic characteristics, Garcia et al. (2019) concluded that teacher 

reports of children’s executive functions may also be influenced by the teachers’ bias based on 

children’s gender, ethnicity, and ELL status. 

The other limitation of applying teacher reports is the structure of teacher reports, which 

may affect the validity of the measures. To be more specific, researchers questioned the 

underlying constructs of one of the most famous teacher reports–BRIEF (Bodnar, Prahme, 

Cutting, Denckla, & Mahone, 2007, Fuhs and Day, 2011, Spiegel, Lonigan, & Phillips, 2017). 

For example, Duku and Vaillancourt (2014) questioned the validity of the preschool version of 

BRIEF (BRIEF-P) structure, and they reported that some subscales of it could be separated into 

further categories, such as the Inhibition subscale into “awareness” and “impulsivity,” and the 
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Shifting subscale into “inflexibility,” “adjusting,” and “sensory”. Moreover, Spiegel et al. (2017) 

conducted factor analyses with 2,367 preschool students and indicated that the subscales titles 

(e.g., Inhibition, Shifting, Emotional Control, Working Memory and Planning/Organizational 

skills) in BRIEF-P did not reflect the subscales items enough. Thus, the underlying constructs of 

teacher reports as one of the limitations may affect the validity of the measures for different 

population.  

Direct Assessment 

Direct assessments refer to methods of measuring executive functions using standardized 

tasks that place demands on children’s executive function skills. The measures are typically 

based on the participants’ accuracy, response time, and/or speed responding under a limit time 

(Toplak, West, & Stanovich, 2013). Often, direct assessments are performance-based. For 

example, participants need to focus on target stimuli when ignoring distractors or remember 

strings of digits and then report them backward (Garcia, Sulik, & Obradović, 2019). There are 

some direct assessments for measuring executive functions, such as the Wisconsin-Card Sorting 

Test (WCST; Heaton, Chelune, Talley, Kay, & Curtis, 1993) and the Stroop test (Jensen & 

Rohwer, 1966; MacLeod, 1991; Stroop, 1935). Particularly, the WCST requires the maintenance 

of a task set, flexibility in response to feedback, avoiding perseverative tendencies, and inhibiting 

a prior response that is no longer appropriate (Salthouse et al., 2003). The Stroop test is to 

measure children’s interference control (cognitive flexibility). Children must inhibit an 

overlearned response (reading a word that names a color) to respond with another dimension that 

is incongruent and ‘interfering’ (naming the ink color of the word, instead of the actual color 

word). The National Institute of Health (NIH) Toolbox (NIH Toolbox CB, 2013) is a freely 

available and widely accessed measure for assessing cognitive (e.g., EF, attention, memory), 
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emotional (e.g., well-being, stress), motor (e.g., locomotion, strength), and sensory abilities (e.g., 

audition, vision) key aspects of development from 3 to 15 years of age (Zelazo et al., 2013). 

There are a number of direct assessments of executive functions and several examples are 

presented in Table 2. 

Advantages. Direct assessments also have advantages for measuring children’s executive 

functions. Silver (2014) believed that direct assessments are the most objective measure of 

executive functions. In other words, direct assessments are not affected by bias such as teachers’ 

perceptions or some external interruption(s). The fact is important because teachers’ bias is 

detrimental to students’ academic performance and self-efficacy. For example, teachers’ bias can 

be based on gender. Gender bias can lead teachers to believe girls’ academic performance is 

inferior to boys’ in STEM fields (Fennema et al., 1990; Hand, Rise, & Greenlee, 2017), although 

there are negligible differences between men and women in innate intellectual aptitude (Halpern, 

2013). Indeed, girls may perform better academically than boys in mathematics and science 

courses (Shettle et al., 2007). This bias may prevent girls from further exploring their interest in 

STEM fields. Given that there is evidence that academic skills are strongly related to executive 

functions (Matthews et al, 2009; Ursache et al, 2012), it is necessary to avoid biased measures of 

executive functions. Therefore, in terms of bias reduction, direct assessments are better measures 

of executive functions. Furthermore, direct assessments can capture children’s basic cognitive 

processes and assess information processing mechanisms such as working memory and 

inhibition, something that can be difficult to capture with teacher reports (Toplak, West, & 

Stanovich, 2013).  

Limitations. One of the challenges in the assessment of executive functions is the 

impurity problem (Toplak, West, & Stanovich, 2013). That is, executive functioning tasks can 
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not only tap non-EF skills but also typically focus on more than one executive functioning skill 

(Miyake, Friedman, Emerson, Witzki, & Howerter, 2000). In other words, most direct measures 

of executive functions involve non-executive processes in the task context, such as color naming 

in the Stroop task (Miyake & Friedman, 2012). Howard and Melhuish (2017) argued some 

limitations of Early Year Toolbox (EYT). Given that there are only four tasks associated with 

executive functions in the EYT, researchers cannot fully evaluate the dimensionality of executive 

functioning using the EYT response data. Because the “task impurity” issue exists commonly in 

measuring executive functions, the latent variable data analysis method (e.g., confirmatory factor 

analysis and structural equation modeling) is commonly conducted to minimize the likelihood of 

conclusions that are influenced by variance unrelated to the constructs of interest (Friedman & 

Miyake, 2004; Howard Johnson, & Pascual-Leone, 2014; Miyake et al., 2000). Since there are 

only four sub-measures in the EYT (inhibition, shifting, and two measures of working memory), 

a latent variable approach will be more valid if complementary measures from outside the EYT 

(e.g., teacher reports and parent reports) can be used. Regardless, it is still necessary to develop 

more age- and sample- appropriate tasks (Howard & Melhuish, 2017). Besides that, it is 

sometimes impractical to conduct direct assessments. For example, when implemented in school 

settings, some direct assessments typically take place one-on-one in a quiet room separate from 

the classroom. Also, direct assessments take longer time than teacher reports, especially in 

individually administered direct assessments requiring more people and time resources. Even in 

the more advanced EYT tasks, every task takes a child about 5-8 minutes (Howard & Melhuish, 

2017). Four executive functioning tasks take a child about half an hour totally, while teacher 

reports (e.g., BRIEF) takes 10-15 minutes to measure a child (Gioia et al, 2000). Hence, this 
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approach is sometimes expensive, time-intensive, and impractical for large-scale data collection 

(Obradovic ́ et al., 2018). 

Correlation between Teacher Reports and Direct Assessments  

Although teacher reports and direct assessment are both commonly used, many 

researchers believe the association between teacher reports and direct assessments is low. Indeed, 

for various populations the correlations typically range from .10 to .30. The populations of these 

studies contain both children and adults (Toplak, et al., 2013), 6-15 years of age children 

(Mcauley, Chen, Goos, Schachar, & Crosbie, 2010), preschool children (Clark, Pritchard, & 

Woodward., 2010; O’Meagher, Norris, Kemp, & Anderson, 2019; Sulik et al., 2010), and both 

preschool and early elementary school children (Blair et al, 2015). For example, Toplak et al. 

(2013) scrutinized 20 studies and argued that the performance-based assessments (i.e., direct 

assessments) and rating measures (i.e., teacher reports) of executive function generally have a 

low association (overall median correlation was only .19). 

There are some explanations for this inconsistency. The first primary reason suggested by 

Toplak et al. (2013) is that the two measures of executive functions assess different underlying 

mental constructs. Direct assessments of executive functions provide important information 

about the efficiency of cognitive abilities (i.e., algorithmic level of analysis) (Anderson, 1990; 

Marr, 1982; Stanovich, 1999, 2009). However, teacher reports of executive functions appear to 

capture the success in rational goal pursuit. In other words, the rational goal pursuit can be 

explained as people’s choice of action that is rational given the beliefs relevant to people’s goals 

(Bratman, Israel, & Pollack, 1988; Dennett, 1987; Newell, 1982, 1994; Pollock, 1995; Stanovich, 

2009, 2011). Teacher reports focus more on the choice of action to achieve goals and decision-

making while direct assessments focus on information-processing mechanisms in the brain (e.g., 
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working memory and inhibition). Moreover, as described above, executive functions are 

essentially difficult to measure accurately because the underlying constructs of executive 

functions have commonly been defined broadly but measured narrowly. It is not surprising then 

that correlations among direct assessments and teacher reports are low.  

The other reasons of the low association between teacher reports and direct assessments 

are about their advantages and limitations, which generally include a) direct assessments involve 

considerable structure and direction from the examiner, whereas teacher reports as one of the 

rating measures involve very little direction from the examiner (Toplak et al., 2013); b) similar to 

assessing children’s academic skills, teacher reports on children’s executive functions are 

inconsistent with direct assessments because children vary systematically according to their 

gender, ethnicity, and ELL status (Garcia et al., 2019); and c) teacher reports of executive 

functions can be independent on direct assessment to uniquely predict children’s academic 

achievement (Blair et al., 2015; Fuhs et al., 2015; Obra-dovic ́et al., 2018). 

The ideal condition is that teacher reports can be considered accurate and unbiased when 

their results correspond to direct assessments of student skills. Even though much research 

indicated the low association between teacher reports and direct assessments, a small number of 

studies showed a stronger association between teacher reports and direct assessments. For 

example, Fuhs et al. (2015) used some teacher reports (e.g., Cooper-Farran Behavioral Rating 

Scale, CFBRS as the teacher report) and direct assessments (e.g., Corsi Blocks task, Dimensional 

Change Card Sort, DCCS, Copy Design, Peg Tapping, and Head Toes Knees Shoulders, HTKS) 

to study 719 prekindergarten children. They concluded that the direct assessments and teacher 

reports of executive functions (i.e., Work-Related Skills, WRS) were significantly and 
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moderately correlated (the range of r is from .257 to .511), which implies that they measure, in 

part, a similar underlying construct.  

Current Study  

As the literature suggests, in most cases, teacher reports and direct assessments of 

executive functions are inconsistent and not strongly correlated. The reason for the inconsistency 

is related to the characteristics of the two measures including their advantages and limitations. 

Both teacher reports and direct assessments have their limitations. The limitations of teacher 

reports of executive functions mainly contain the bias from teachers’ perceptions and the 

uncertainty of underlying constructs while the limitations of direct assessments include task 

impurity and practicality concerns. And the task impurity is caused by the uncertainty of 

underlying constructs of measures. Considering these limitations and the issue that the construct 

of executive functions was defined broadly but measured narrowly, the ecological validity of 

executive functioning measures comes into question. In addition, most research focused on the 

measurements for broad sets of executive function skills (working memory, cognitive flexibility, 

or inhibition) and the correlation among teacher reports and direct assessment in each domain of 

executive functions. In other words, they did not concentrate on global executive functions. 

Thus, the purposes of the current study include a) explore whether teacher reports and 

direct assessments adequately measure global executive functions for socio-demographically 

diverse lower-level elementary school children; b) a preliminary investigation of whether a 

similar structure holds by sex and grade; and c) understand the relationship between the two 

measures of global executive functions for socio-demographically diverse lower-level 

elementary school children. To be more specific, I used the Behavior Rating Inventory of 

Executive Function, Second Edition (BRIEF2; Gioia et al, 2015) as the measure of teacher 
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reported executive functions, which is an assessment of executive function behaviors at school 

for children and adolescents. In addition, the direct assessments of children’s executive functions 

used in this study are from the Early Years Toolbox (EYT).  

The research questions are listed as follow: 

A) Through the preliminary analysis, is it reasonable to assume that the expected constructs of 

teacher reports (three subscales versus one global scale) and direct assessments (two subscales 

versus one global scale) hold in a diverse sample of lower-level elementary school children? 

B) Within this sample, which tool can more adequately measure global executive functions 

between teacher reports or direct assessments? 

C) Within this sample, to what degree are the teacher reports and direct assessments of global 

executive functions correlated? 
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CHAPTER 2 

METHODS 

Sample 

Data from the National Institutes of Health (NIH) study of Links between Classroom 

Daylighting, Sleep and Learning-Related Skills (LCDSLS) were used for the current study. One 

hundred and sixty-two students from three cohorts of diverse 6 to 10 years old from 13 

classrooms (1st, 2nd, or 3rd grade) were recruited. To maximize variability in the amount of 

daylight exposure, the LCDSLS researchers recruited schools from urban and rural communities 

in the Midwest with varying numbers and styles of classroom windows. All 1st, 2nd, and 3rd grade 

teachers within schools that consented to participate were invited to take part in the study. The 

researchers also invited all children and their families of participating teachers to be in the study. 

Children were invited to participate for one academic year while teachers were asked to 

participate for two. This cohort design allowed the researchers to replicate analyses with distinct 

samples that have been exposed to similar classroom experiences. I performed a secondary data 

analysis based on the LCDSLS research.  

The current study is based on a sample of 162 lower-level elementary school children 

attending a rural or urban school in the mid-west. However, 12 students are either absent from 

the direct assessments or missing some items in the teacher reports. Therefore, a sample of 140 

students are analyzed in this research. Of the sample, participants’ age ranged from 6 to 10 years 

with mean age equal to 7.17 years; 45% of the children were female (N = 63, coded as 1), 55% 

of the children were male (N = 77, coded as 0), 42.1% were 1st grade (N = 59), 42.9% were 2nd 
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grade (N = 60) , 15% were 3rd grade (N = 21). Also, of the sample, 61.4% of the children were 

white (N = 86), 5% were black of African American (N = 7), 5.7% were two or more races (N = 

8), 7.9% were other race/ethnicity (N = 11), 20% data of children’s race/ethnicity were missing. 

And we knew there were 16 Latino children. The age of children’s moms ranged from 26 to 57 

years and mean age was 35.62 years. Except for 26 missing data, about 42% mothers had 

bachelor’s or higher degree (N = 47), only 2.6% were educated less than high school (N = 3). 

Except for 31 missing data about family annually income, the children’s family annually income 

was various from less than $5,000 to more than $300,000. About 17% of family (mode group) 

had annually income from $100,001 to $150,000 (N = 24). And the average annually income was 

from $60,001 to $65,000. Thirteen teachers were recruited to participate the study to complete 

the teacher reports.  

Procedure 

Participant enrollment and data collection were conducted are part of the LCDSLS 

research. Teachers were invited to participate in the projects. Those who agree sent home 

information letters and consent forms to all children in their classes. Two weeks after the initial 

letter went home, teacher send a reminder about the study and one week later, data collection 

began. Demographic data were collected via parent questionnaires sent home by the teachers. 

Theses questionnaires were return to teachers in a sealed envelope to maintain confidentiality. 

Teachers completed complete the BRIEF2 questionnaire on each participating child in their 

classroom by the end of the fall or spring semester (depending on when they were participating). 

Trained observers collected the direct assessment data in late fall or late spring (again depending 

on the cohort). More specifically, students were pulled from regular class activities in groups of 

3-5 and were given their own iPad to complete the Early Tears Toolbox activities. Following the 
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completion of each game, children indicated to the research assistant they were ready to move on 

and were then started on another game. Games were administered in random order to ensure that 

participant fatigue (if there was any) did not affect any single game. All protocols were approved 

by the participating institutions’ Human Subject’s boards. 

Measures 

BRIEF2. The BRIEF2 (Gioia et al, 2015) published by PARInc., is an individually 

administered rating scale of executive function for children and youth, aged 5 to 18 years. This 

study used the teacher form as the measure of teacher-reported executive function problems. 

Teachers rated each of 63 items using a Likert-type scale with N (“Never”, adding 0 point), S 

(“Sometimes”, adding 1 point), or O (“Often”, adding 2 points). Sample items include: “when 

given three things to do, remembers only the first or last”, or “become upset with new situation”. 

The items are used to create theoretically and statistically derived scales measuring different 

aspects of children’s behaviors, such as their ability to control impulses, move freely from one 

situation to the next, modulate responses, anticipate future events, and keep track of the effect of 

his or her behavior on others. More specifically, the BRIEF2 items can be combined to represent 

three components of executive functioning including the Behavior Regulation Index (BRI), 

Emotional Regulation Index (ERI), and Cognitive Regulation Index (CRI). Together, these three 

subscales form the Global Executive Composite (GEC). The higher a child is rated on each index 

or on the global executive function scale, the more problems teachers perceive the child to have 

in that domain.  

The BRIEF2 was developed based on the standardization sample consisting of 3,603 

children and the clinical sample consisting of 5,295 participants. There were 1,400 children in 

the standardization sample and 1, 826 children in the clinical sample contributing to the teacher 
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form (Gioia et al, 2015). The standard sample were typically developing, which meant that the 

sample was required to have no history of special education, psychotropic medication, or 

neurological disorders. In addition, teachers were required to know the student through daily 

contact for at least 1 month. Clinical samples included Attention-Deficit/Hyperactivity Disorder 

Combined Presentation (ADHD-C), ADHD Predominantly Inattentive Presentation (ADHD-I), 

sluggish cognitive tempo, Autism Spectrum Disorder, learning disability (LD), comorbid ADHD 

and LD, anxiety, traumatic brain injury, epilepsy, neurofibromatosis, cancer, or diabetes (Gioia 

et al, 2015). Based on the author’s data, findings indicate high internal consistency for all index 

scores in both the standardization and clinical samples, which revealed coefficients ranging from 

.88 to .98, with index and composite scores ranging from .94 to .98. Also, the test-retest 

reliability is also tested by correlational analysis between two administrations approximately 3 

weeks apart, with the range from .67 to .92 (M = .79). Findings also reflect the sources of 

validity including content and internal structure. The internal structure was measured by 

examining item-total correlations, intercorrelations, and confirmatory factor analysis. The results 

of these analyses indicated the good internal structure of the BRIEF2. For example, the item-total 

correlation coefficient ranged from .50 to .83 and the intercorrelation coefficient ranged from .46 

to .88. Moreover, studies have ascertained the goodness-of-fit of a three-factor structure 

(Behavior Regulation, Emotion Regulation, and Metacognition) for the original BRIEF via 

exploratory and confirmatory factor analyses, and the CFI was .95, with an SRMR of .04 (Gioia, 

Isquith, Retzlaff, & Epsy, 2002).  

 Early Years Toolbox (EYT) tasks. Four tasks in EYT (or five tasks if consider the 

“Go/No-Go” task as two subtasks) were used to directly assess children’s executive functioning 

skills. The EYT is a collection of iPad-based short game-like tasks designed to measure young 
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children’s emerging cognitive, self-regulatory, language and social development (Howard & 

Melhuish, 2017). The four assessments used in the current study are “Mr. Ant” (measuring 

visual-spatial working memory), “Not This” (measuring phonological working memory), 

“Go/No-Go” (measuring inhibition), and “Card Sorting” (measuring shifting). In other words, 

the “Go/No-Go” tasks measure behavior regulation and the other three tasks measure cognitive 

regulation. The four measures are developmentally appropriate and sensitive, brief, engaging, 

valid, and reliable for use with young children. all tasks are designed to terminate after a set 

number of incorrect responses (depending on the task) so as not to cause frustration in the 

children. For all dimensions, higher scores indicate better executive function skills. The EYT 

demonstrates high internal consistency and is moderately correlated with the Flanker task, 

Dimensional Card Sorting Task, NIH Toolbox, and Strengths and Difficulties Questionnaire 

(Howard & Melhuish, 2017). 

 “Mr. Ant” Task. The “Mr. Ant” Task is adapted from Case’s (1985) Mr. Cucumber task 

and following the protocols of Morra (1994). The task is an iPad-based assessment of “visual-

spatial working memory” which indicates the amount of visual information that concurrently can 

be coordinated in mind. In this task, children are presented with an image of a cartoon 

character—Mr. Ant—who has a number of colored stickers placed in different parts of his body. 

After a predetermined amount of time, these dots disappear, and the child is then asked to recall 

the locations of the dots by tapping the spatial locations on Mr. Ant that they believe previously 

held stickers. Test trials increase in difficulty (i.e., working memory demand) as the task 

progresses, with three trials at each level of complexity. The task consists of eight levels (24 

trails total), progressing from one to eight stickers. Each trail is organized in the following steps: 

1) Mr. Ant is presented with n colored stickers (where n equals the current level of difficulty) for 
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5 seconds; 2) a blank screen is presented for 4 seconds is presented; and 3) an image of Mr. Ant 

without stickers—along with an auditory prompt to recall where the stickers were—is presented 

until the participant’s response is complete. The task continues until either the completion of all 

8 levels or failure on three trials at the same level of difficulty, whichever occurs first. The 

scoring rule is to calculate the number of correct trails beginning from level 1. This task takes 

approximately 5-10 minutes to complete, depending on the student’s level of development.   

           “Not This” Task. The “Not This” Task is loosely based on the Direction Following Task 

(Im-Bolter, Johnson, & Pascual-Leone, 2006). This task is an iPad-based assessment of 

“phonological working memory” (i.e., the amount of auditory information that concurrently can 

be coordinated in mind). In this task, children are presented with an array of characters that vary 

in shape, size and color (e.g., a large blue circle). Before the characters are shown, participants 

hear an auditory instruction to point to a card that does not fulfill a certain descriptive quality. 

The task consists of five trials at each level of complexity (8 levels and 40 trails total), the 

difficulty of which is aligned with the number of stimulus features that must be concurrently 

activated in mind. For each level, the number of descriptive qualities that must be held in mind 

increases. For example, an item at Level 1 trial may be “Find a shape that is not blue” (one 

feature—blue), whereas an item at Level 3 trial may be “Find a shape that is not small, not red 

and not a triangle” (three features—small, red, triangle). Each trail is organized in the following 

steps:1) an auditory instruction played against a white screen; 2) a 3-second interval between the 

introduction and characters presented on the screen; and 3) a 4 × 5 array of various colored and 

sized shapes with cartoon faces, presented until a response is made by tapping the shape(s) that 

the participant believes correspond to the auditory instruction (Howard & Melhuish, 2017). The 

task continues until either the completion of all 8 levels or failure on three trials at the same level 
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of difficulty, whichever occurs first. The scoring rule is to calculate the number of correct trails 

beginning from level 1. This task takes approximately 5-10 minutes to complete, depending on 

the student’s level of development. 

“Go/No-Go” Task. The Go/No-Go Task is based on previous protocols such as Fish-

Shark go/no-go task (Howard & Okely, 2015; Wiebe, Sheffield, & Espy, 2012). This task is an 

iPad-based assessment of inhibition (the ability to control behavioral urges). In this assessment, 

children are presented with fish and sharks and are instructed to tap the iPad screen whenever 

they see a Fish (catch the fish) and refrain from responding when a Shark appears (avoid the 

sharks). Since there are 70% go trails as the majority of stimuli, which generates a prepotent 

tendency to response (impulse), it requires children to inhibit the response on 30% no-go trails. 

The task proceeds with 50-75 stimuli divided evenly into three test blocks (each separated by a 

short break and a reiteration of instructions). Stimuli are presented in pseudo-random order. That 

is, a block never begins with a no-go stimulus and no more than two successive trials are no-go 

stimuli (Howard & Melhuish, 2017). The scoring procedure is to calculate the product of 

proportional “go” (to account for the strength of the prepotent response generated) and “no-go” 

accuracy (to index a child’s ability to overcome this prepotent response). This game takes 

approximately 5 minutes to complete. Howard & Melhuish (2017) conducted internal 

consistency analyses and concluded that “Go/No-Go” had good reliability for both go 

(Cronbach’s α = .95) and no-go trials (Cronbach’s α = .84) among 1,764 preschool and early 

primary school students. 

“Card Sorting” Task. The Card Sorting Task is based on the protocols of Zelazo (2006). 

This task is an iPad-based assessment of “shifting” (an executive function that involves the 

ability to control and redirect attention). In this assessment, after a demonstration trial and two 
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practice trials, children are presented with cards that vary along two dimensions (i.e., shape and 

color) and are asked to sort each card (i.e., red rabbits and blue boats) first by one dimension 

(e.g., color) as the pre-switch stimuli and then, after six trials, by another dimension (e.g., shape) 

as the post-switch stimuli. If children correctly sort at least five of the six pre- and post-switch 

stimuli, they proceed to a border phase of the task. In this phase, children are required to sort by 

color if the card has a black border or sort by shape if the card has no black border (Howard & 

Melhuish, 2017). In all conditions, each trial begins by reiterating the relevant sorting rule and 

then presenting a stimulus for sorting. The scoring rule is to calculate the number of correct trails 

beginning from the first trail. Their ability to flexibly shift from one sorting rule to another 

corresponds to their cognitive flexibility (or shifting). This task takes approximately 5-7 minutes 

to complete, depending on the student’s level of development.  

Analysis Plan  

Descriptive analyses. I conducted descriptive statistics to obtain the means and standard 

deviations of the scores in both the teacher report (i.e., BRIEF2) and the direct assessment (i.e., 

four EYT tasks) for the total analytic sample. An analysis of the distributional properties for each 

composite was also conducted. Furthermore, to better understand the characteristics of the 

sample, I considered the descriptive statistics for each sex and each grade.  

Principal Components Analyses (PCA). I conducted several PCAs to answer the 

research questions. The goal of a PCA is to replicate the correlation matrix using a set of 

components that are fewer in number and linear combinations of the original set of items 

(UCLA: Statistical Consulting Group). PCA makes no assumption about a model and is only 

concerned with which linear relationships exist and how any particular variable might contribute 

to that relationship. In other words, the purpose of PCA is to assist in scale development—as 
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opposed to structure confirmation. It is typically used for data reduction and understanding 

whether items relate to intended components. In the current study, the data reduction was to 

identify a smaller set of components than number of items for parsimony sake. All of the PCAs 

were conducted via IBM SPSS 24 version. For the purpose of exploring whether the suggested 

structures of the teacher reports and direct assessments hold in a diverse sample of lower-level 

elementary school children, I conducted two separate PCAs: one for the teacher report (i.e., 

BRIEF2) and one for the direct assessment (i.e., EYT tasks) each using the full sample. 

Specifically, for the BRIEF2, I conducted PCA to explore whether the three broadband 

dimensions of executive functioning (i.e., BRI, ERI, and CRI) hold as a three-factor structure in 

this sample of lower-level elementary school children. The three-factor structure would hold in 

the sample, if there are three components extracted, which is as same as the number of subscales 

the authors suggested (three subscales including BRI, ERI, and CRI). For the EYT tasks, I 

conducted a PCA to explore whether two broad domains (i.e., cognitive regulation and behavior 

regulation) hold as a two-factor structure for the sample of lower-level elementary school 

children. The two-factor structure would hold in the sample if there are two components 

extracted, which is as same as the number of dimensions based on the theory of executive 

function (two dimensions including cognitive and behavior regulation). Then, I essentially did 

the same thing to explore whether a single global executive function score holds for each 

measure for the full sample. Finally, as a first step in considering whether the teacher reports or 

direct assessments of global executive functions look similar across different subsamples (i.e., 

males and females or 1st, 2nd, and 3rd graders), I fit separate PCAs for each subsample. 

Before conducting PCA, Kaiser-Meyer-Olkin (KMO) and Bartlett’s test is necessary to 

determine if the data are appropriate for PCA. The Kaiser-Meyer-Olkin Measure of Sampling 



 

23 

Adequacy is a statistic that indicates the proportion of variance in your variables that might be 

caused by underlying factors. Kaiser and Rice (1974) suggested that the KMO must be greater 

than .50 even though it is still miserable in the .50s. It is mediocre in the .60s, middling in the 

.70s, meritorious in the .80s, and marvelous in the .90s (Kaiser & Rice, 1974). Bartlett's test of 

sphericity tests the hypothesis that the correlation matrix is an identity matrix in large sample 

size, which would indicate that the variables are unrelated and therefore unsuitable for structure 

detection. Small values (less than 0.05) of the significance level indicate that a factor analysis 

may be useful with the data. The sample size of this study was more than one hundred, which 

was sufficient for Bartlett's test. These two criteria are to determine whether PCA can be 

processed. 

Then, to determine how many components should be selected, the criteria of eigenvalue 

is necessary. Eigenvalues represent the total amount of variance that can be explained by a given 

principal component. Also, eigenvalues are the sum of squared component loadings across all 

items for each component, which represent the amount of variance in each item that can be 

explained by the principal component. The eigenvalue should be greater than 1 in order to retain 

the factor (Kaiser, 1960). Finally, factor loading represents whether the factor (component) 

extracts sufficient variance from that variable. Tabachnick, Fidell, and Ullman (2007) cite the 

minimum loading of an item is .32, which equates to approximately 10% overlapping variance 

with the other items in that factor. And .50 or higher factor loading indicates strong loaders on 

the factors (Costello & Osborne, 2005). 

Correlational analyses. Once the preliminary factor structure was determined, I created 

two separate weighted averages reflecting global executive functioning for either the teacher 

report or global executive functioning for the direct assessment. I did this by using the factor 
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loadings of the BRI, ERI, and CRI subscales in the BRIEF2 and the five subscales (i.e., “Mr. 

Ant”, “Not This”, “Go”, “No-Go”, and “Card sorting”) in the EYT. Specifically, I multiplied the 

factor loading and the raw score of each subscale to obtain the weighted scores. 

Then, I added the three weighted subscales’ scores in the BRIEF2 to obtain the weighted global 

score of the teacher report. Likewise, I added the five weighted subscales’ scores in the EYT to 

obtain the weighted global score of the direct assessments. Using these global weighted scores, I 

conducted a bivariate correlational analysis to explore whether teacher reports and direct 

assessments of children’s global executive functions are correlated in this sample. Additionally, 

to further explore these correlations by gender and grade, I again conducted five separated 

bivariate correlational analyses (for the sample of males, females, 1st graders, 2nd graders, and 3rd 

graders). Note that Cohen (1988) suggested that absolute value of r of .10 is classified as small, 

an absolute value of .30 is classified as medium and of .50 is classified as large. 
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CHAPTER 3 

RESULTS 

Descriptive Statistics  

When the full sample of students (N = 140) was measured by the BRIEF2, on average, 

teachers reported the students global executive function problems were fairly low (M = 23.36) 

but there is evidence of considerable variability in problems across students (SD = 23.34). When 

the full sample of students (N = 140) were measured by the EYT tasks, the majority of students 

(M
G

 = 94.71%) accurately identified when they were to touch the fish in the “Go” task while 

students were able to accurately control their impulse in the “No-Go” task only 73.09% of the 

time. There is evidence of considerable variability in impulse control (SD
NG

 = 26.65). In the 

“Not This” task, considering there are at least 3 trails counted in each level of task, on average, 

students were able to complete 3 or 4 levels of the task measuring their phonological working 

memory (M = 11.84), which indicated that they can remember 3 or 4 characteristics 

corresponding to the auditory instruction. Likewise, considering there are at least 2 trails counted 

in each level of the task, on average, students in the “Mr. Ant” task were able to complete 3 or 4 

levels of the task measuring their visual-spatial working memory (M = 7.52). In other words, 

children were able to remember the location of 3 or 4 colored stickers on the ant. In addition, on 

average, students were able to complete two sorting dimensions (i.e., color or shape) of the 

“Card Sorting” task and were able to complete a part of the more difficult border phase of the 

task (M = 14.12), which indicated their strong cognitive shifting skill. However, the variability 

was also considerable (SD = 3.39). For details of the descriptive statistics refers to Table 3. 
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Analyzing the data by sex (see Table 4), there are 45% female (N = 63), 55% male (N = 

77). When the students’ executive function problems (N = 140) were measured by BRIEF2, on 

average, the students’ teachers reported females had fewer global executive function problems 

than males (Mm = 28.13, Mf = 17.54). Compared with females, there is also more variability in 

problems across males (SDm = 25.62, SDf = 18.80). In terms of the subscales such as inhibitory 

control, on average, the students’ teachers reported females had much lower mean levels of 

inhibitory control problems than male (Mm = 4.60, Mf = 2.14) as well as less variability in 

problems than the male (SDm = 5.05, SDf = 2.88). However, there was not too much mean 

difference between females and males when students were measured by the EYT tasks. Even 

though in the cases of measuring shifting (“Card Sorting” task) and phonological working 

memory (“Not This” task), females performed a little better than male in shifting 

(Mm = 13.68, Mf = 14.64), but males got a little less problems in phonological working memory 

(Mm = 12.22, Mf = 11.38), the performance between male and female on these executive 

functioning tasks was similar. In sum, there were evident sex differences in teacher reports (i.e., 

BRIEF2) but not in direct assessments (i.e., EYT).  

Analyzing the data by grade (see Table 5), there are 42.1% students (N = 59) in grade 1, 

42.9% students (N = 60) in grade 2, and 15% students (N = 21) in grade 3. The results of both 

EYT and BRIEF2 indicated that the performance of children’s executive functions became better 

with the increasing grade. For example, teacher reported GEC problems also decreased as 

students got older (M1 = 29.15, M2 = 20.63, M3 = 14.90), although variability within grade was 

still quite high (SD
1
 = 27.02, SD2 = 18.88, SD3 = 20.50). Likewise, the accuracy of inhibitory 

control (EYT “No-Go” task) in the direct assessments (EYT tasks)increased with the increasing 
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grade (M1 = 65.31, M2 = 75.18, M3 = 88.97), and variability within grade also decreased 

although it was still high (SD
1
 = 28.84, SD2 = 25.39, SD3 = 12.90).  

Correlations. Bivariate correlations among the three subscales (BRI, ERI, and CRI) in 

the BRIEF2 are presented in Table 6. The three subscales were significantly and strongly 

correlated with each other. Behavior regulation and emotion regulation were most strongly 

correlated, r = .727, p < .001, while cognitive regulation and emotion regulation were relatively 

weakly correlated, r = .648, p < .001. Bivariate correlations among the five EYT tasks are 

presented in Table 7. Three of the five tasks were significantly and moderately correlated with 

each other. Specifically, the correlation between phonological working memory (“Not This” 

task) and the behavioral skill (“Go” task) was not statistically significant (r = .085, p = .321), nor 

was the correlation between cognitive flexibility (“Card Sorting” task) and behavioral skills 

(“Go” task) (r = .053, p = .53). The correlations suggested that the different skills for the 

BRIEF2 may hang together (i.e., there is an amount of shared common variance that results in a 

factor of related items) in a single global score while the skills for the EYT may be more distinct. 

Principal Components Analyses (PCAs) with a Fixed Number of Factors 

The first research question—through the preliminary analysis, is it reasonable to assume 

that the expected constructs of teacher reports (three subscales versus one global scale) and direct 

assessments (two subscales versus one global scale) hold in a diverse sample of lower-level 

elementary school children—was addressed using a principal components analysis (PCA) for 

both the BRIEF2 and the EYT tasks first among the full sample of students (N = 140), and then 

among subgroups: males (N = 77) and females (N = 63) and 1st (N = 59), 2nd (N = 61), and 3rd (N 

= 21) grade. The PCAs were conducted to analyze several factors (broad regulatory domains) as 

well as one factor (global executive functions) in the BRIEF2 and EYT tasks for the full sample. 



 

28 

Given that I needed to further explore the factor structure and discuss whether one tool more 

adequately measures children’s global executive functions than the other (i.e., my second 

research question), I considered only one factor (global executive functions) for each sex and 

grade after analyzing the full sample. Note that before conducting PCA on the BRIEF2, based on 

the instructions of the authors, it was necessary to remove the three items from the analysis: item 

18, forgets his/her name; item 36, has trouble counting to three; and item 54, cannot find the 

front door if school because all students of the full sample or each group of sample (e.g., boys, 

girls, 1st grader, etc.) were rated by teachers with “N” or 0 point and SPSS cannot conduct PCA 

if a variable has zero variance. Therefore, there are currently 60 valid items in the BRIEF2.  

The BRIEF2 for the full sample. To determine whether the 60 items from the BRIEF2 

reflect three broad regulatory domains (i.e., behavior regulation, emotion regulation, and 

cognitive regulation) for the full sample, as suggested by the authors, I conducted a PCA with 

three fixed factors using 60 items. The results of Kaiser-Meyer-Olkin and Bartlett’s test in the 

BRIEF2 indicated that the PCA was useful with the 60 items in the BRIEF2 (KMO = .883, χ2 = 

8988.474, p < .001). The eigenvalues for the first three components were 25.895, 5.889, and 

3.220, respectively. In other words, the first factor accounted for more than 25 of the 60 units of 

variance (43.16%), while the second factor accounted for just under 6 units of variance (9.81%). 

Also, an additional eight components were revealed with eigenvalues over 1 (ranging from 2.470 

to 1.018), which indicated that there could be up to eleven components extracted. This suggests 

that a three-component structure was not appropriate. However, there were some eigenvalues 

very close to 1 (e.g., 1.083, 1.068, and 1.018). If only following the rule of eigenvalue (greater 

than 1), it was statistically plausible to consider the BRIEF2 as an eleven-component structure. 

However, the fact that some eigenvalues were very close to 1 suggested that it might be plausible 
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to consider the BRIEF2 as a structure with less than 11 components because theoretically there 

are not so many different domains under executive functions even though the narrow 

components tapped into more specific skills. Nevertheless, the number of subscales was 

relatively hard to determine because of the contradiction between statistics and our 

understanding of actual executive functions.  

Even though the PCA with the item level data did not indicate a three-component 

structure, the authors of the BRIEF2 suggest that global executive function is comprised of 

behavior regulation, emotion regulation, and cognitive regulation. Given that the three-

component structure is somehow reasonable based on the authors, I conducted a PCA with one 

fixed factor using the three composite scores (BRI, ERI, and CRI) to address the question of 

whether the BRIEF2 can be considered as a single global factor measuring lower-level 

elementary children’s global executive function problems. In other words, I treated the three 

composite scores as items for running another PCA. The results of Kaiser-Meyer-Olkin and 

Bartlett’s test in the BRIEF2 indicated that the PCA was useful with the three composite scores 

in the BRIEF2 (KMO = .730, χ2 = 195.502, p < .001). A single eigenvalue greater than 1 (2.352) 

was obtained. Figure 1 shows the factor loading of BRI is .898, the factor loading of ERI is .896, 

and the factor loading of CRI is .862, which are quite similar. The similar and large values of 

factor loadings suggested that the three regulatory domains were each contributed similarly and 

considerably to an overall measures of boys’ global executive function problems. Based on these 

results, it appears that for the full sample the BRIEF2 can be considered as a tool to adequately 

measure socio-demographically diverse lower-level elementary children’s global executive 

function problems.  
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The EYT tasks for the full sample. To determine whether the five tasks from the EYT 

reflect two broad regulatory domains (i.e., cognitive regulation and behavior regulation) or only 

one global domain, I conducted a PCA with two fixed factors using the five scores. The results 

of Kaiser-Meyer-Olkin and Bartlett’s test in the EYT tasks indicated that the PCA was useful 

with the EYT data (KMO = .678, χ2 = 58.418, p < .001). Two eigenvalues greater than 1 (1.885, 

1.014) were obtained. Hence, based on the eigenvalue greater than 1 rule, there were two 

components in the EYT tasks (see Table 9) and the two-factor structure made sense for the full 

sample, which was also consistent with the original purposes of these tasks (i.e., the “Go/No-Go” 

tasks measure behavior regulation and the other three tasks measure cognitive regulation). Factor 

1 (i.e., cognitive regulation) is comprised of the “Not This”, “Mr. Ant”, and “Card Sorting” 

tasks. Factor 2 (i.e., behavior regulation) is comprised of and the Go/No-Go task (including the 

accuracy of go and the accuracy of no-go). Figure 2 shows the factor loadings of five tasks with 

two components. However, one of the eigenvalues (1.014) was very close to 1. Hence, although 

the two-factor structure was appropriate for the full sample, it is the second factor accounts for 

less variance. Hence, the second factor might be a little less important to become a factor to 

measure diverse lower-level elementary children’s global executive function skills. If 

considering the EYT tasks as a global tool, the factor loading of the “Go” task is .453, the factor 

loading of the “No-Go” task is .716, the factor loading of the “Not This” task is .639, the factor 

loading of the “Mr. Ant” task is .664, and the factor loading of the “Card Sorting” task is .564 (as 

Figure 3 shows). Although the factor loadings were not quite similar, all tasks contributed to the 

global executive functions but the “Go” task was less important than the others.  

 The BRIEF2 and the EYT tasks for the males. To address the question of whether the 

BRIEF2 can be considered as a single global factor to measure boy’s global executive function 
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problems, I conducted a PCA with one fixed factor using the three composite scores. The results 

of Kaiser-Meyer-Olkin and Bartlett’s test in the BRIEF2 indicated that the PCA was useful with 

the three composite scores in the BRIEF2 (KMO = .727, χ2 = 103.590, p < .001). A single 

eigenvalue greater than 1 (2.341) was obtained. Figure 4 shows the factor loading of BRI is .889, 

the factor loading of ERI is .900, and the factor loading of CRI is .860, which are quite similar. 

The similar and large values of factor loadings suggested that the three regulatory domains were 

each contributed similarly and considerable to an overall measures of children’s global executive 

function problems. Based on these results, it appears that for the full sample the BRIEF2 can be 

considered as a tool to measure socio-demographically diverse boy’s global executive function 

problems.  

For the EYT tasks, to address the question of whether the EYT tasks can be considered as 

a single global factor to measure boys’ global executive functions, I also conducted a PCA with 

one fixed factor using the five scores from the four tasks. The results of Kaiser-Meyer-Olkin and 

Bartlett’s test in the EYT tasks indicated that the PCA is useful with the EYT data (KMO = .738, 

χ2 = 44.462, p < .001). A single eigenvalue greater than 1 (2.096) was obtained. Figure 5 shows 

the factor loading of the “Go” task is .387, the factor loading of the “No-Go” task is .739, the 

factor loading of the “Not This” task is .711, the factor loading of the “Mr. Ant” task is .680, and 

the factor loading of the “Card Sorting” task is .658. Similar to the full sample, the “Go” tasks, as 

a part of task to measure children’s behavior regulation, contributed weakly to an overall 

measure of children’s global executive function problems than the other tasks. Based on these 

results, it appears that for the males the EYT tasks can be considered as a global tool to measure 

socio-demographically diverse boys’ global executive function skills. 
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 The BRIEF2 and the EYT tasks for the females. For the BRIEF2, to address the 

question of whether the BRIEF2 can be considered as a single global factor to measure girls’ 

global executive function problems, I conducted a PCA with one fixed factor using the three 

composite scores. The results of Kaiser-Meyer-Olkin and Bartlett’s test in the BRIEF2 indicated 

that the PCA was useful with the three composite scores in the BRIEF2 (KMO = .711, χ2 = 

97.488, p < .001). A single eigenvalue greater than 1 (2.387) was obtained. Figure 6 shows the 

factor loading of BRI is .919, the factor loading of ERI is .911, and the factor loading of CRI 

is .844, which are quite similar. The similar and large values of factor loadings suggested that the 

three regulatory domains were each contributed similarly and considerable to an overall 

measures of girls’ global executive function problems. Based on these results, it appears that for 

the full sample the BRIEF2 can be considered as a tool to measure socio-demographically 

diverse girls’ global executive function problems.  

For the EYT tasks, to address the question of whether the EYT tasks can be considered as 

a single global factor to measure girls’ global executive functions, I also conducted a PCA with 

one fixed factor using the five scores from the four tasks. The results of Kaiser-Meyer-Olkin and 

Bartlett’s test in the EYT tasks indicated that the PCA was barely useful with the EYT data 

(KMO = .588, χ2 = 23.284, p = .010). Two eigenvalues greater than 1 (1.668 and 1.270) were 

obtained (the detailed results of the second eigenvalue was actually hidden because of “forced” 

one factor), which indicated that there may be two factors in the EYT tasks for female. As a two-

component structure tool, the “Go” task, “No-Go” task, and “Mr. Ant” task loaded to the factor 1 

and the “Not This” task and “Card Sorting” task loaded to the factor 2. Figure 7 shows the factor 

loading of the “Go” task is .788, the factor loading of the “No-Go” task is .771, the factor 

loading of the “Mr. Ant” task is .608, the factor loading of the “Not This” task is .755, and the 
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factor loading of the “Card Sorting” task is .798. Based on these results, it appears that for the 

females the EYT tasks cannot be considered as a global tool to measure socio-demographically 

diverse girls’ global executive function skills. 

 The BRIEF2 and the EYT tasks for the first-grade students. For the BRIEF2, to 

address the question of whether the BRIEF2 can be considered as a single global factor to 

measure the first-grade students’ global executive function problems, I conducted a PCA with 

one fixed factor using the three composite scores. The results of Kaiser-Meyer-Olkin and 

Bartlett’s test in the BRIEF2 indicated that the PCA was useful with the three composite scores 

in the BRIEF2 (KMO = .730, χ2 = 94.083, p < .001). A single eigenvalue greater than 1 (2.432) 

was obtained. Figure 8 shows the factor loading of BRI is .924, the factor loading of ERI is .891, 

and the factor loading of CRI is .885, which are quite similar. The similar and large values of 

factor loadings suggested that the three regulatory domains were each contributed similarly and 

considerable to an overall measures of the first-grade students’ global executive function 

problems. Based on these results, it appears that for the full sample the BRIEF2 can be 

considered as a single tool to measure the socio-demographically diverse first-grade students’ 

global executive functions.  

For the EYT tasks, to address the question of whether the EYT tasks can be considered as 

a single global factor to measure the first-grade students’ global executive function skills, I also 

conducted a PCA with one fixed factor using the five scores from the four tasks. The results of 

Kaiser-Meyer-Olkin and Bartlett’s test in the EYT tasks indicated that the PCA was useful with 

the EYT data (KMO = .636, χ2 = 22.362, p = .013). Two eigenvalues greater than 1 (1.781 and 

1.145) were obtained, which indicated that there may be 2 factors in the EYT tasks for 1st 

graders. However, one of the eigenvalues (1.145) was close to 1. Therefore, although the two-
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factor structure was appropriate for the full sample, it is the second factor accounts for less 

variance. Hence, the second factor might be a little less important to become a factor to measure 

diverse lower-level elementary children’s global executive function skills. Nonetheless, as a two-

component structure tool, the “Go” task, “No-Go” task, and “Mr. Ant” task loaded to the factor 1 

and the “Not This” task and “Card Sorting” task loaded to the factor 2. Figure 9 shows the factor 

loading of the “Go” task is .745, the factor loading of the “No-Go” task is .733, the factor 

loading of the “Mr. Ant” task is .672, the factor loading of the “Not This” task is .736, and the 

factor loading of the “Card Sorting” task is .801. Based on these results, it appears that for the 

males the EYT tasks cannot be considered as a global tool to measure the socio-demographically 

diverse first-grade students’ global executive function skills. 

 The BRIEF2 and the EYT tasks for the second-grade students. For the BRIEF2, to 

address the question of whether the BRIEF2 can be considered as a single global factor to 

measure the second-grade students’ global executive function problems, I conducted a PCA with 

one fixed factor using the three composite scores. The results of Kaiser-Meyer-Olkin and 

Bartlett’s test in the BRIEF2 indicated that the PCA was useful with the three composite scores 

in the BRIEF2 (KMO = .721, χ2 = 66.306, p < .001). A single eigenvalue greater than 1 (2.249) 

was obtained. Figure 10 shows the factor loading of BRI is .870, the factor loading of ERI 

is .879, and the factor loading of CRI is .849, which are quite similar. The similar and large 

values of factor loadings suggested that the three regulatory domains were each contributed 

similarly and considerable to an overall measures of the second-grade students’ global executive 

function problems. Based on these results, it appears that for the full sample the BRIEF2 can be 

considered as a single tool to measure the socio-demographically diverse second-grade students’ 

global executive function problems.  
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For the EYT tasks, to address the question of whether the EYT tasks can be considered as 

a single global factor to measure the second-grade students’ global executive function skills, I 

also conducted a PCA with one fixed factor using the five scores. The results of Kaiser-Meyer-

Olkin and Bartlett’s test in the EYT tasks indicated that the PCA is useful with the EYT data 

(KMO = .658, χ2 = 24.038, p = .008). Two eigenvalues greater than 1 (1.844 and 1.033) was 

obtained, which statistically indicated that there were 2 factors in the EYT tasks. However, the 

second eigenvalue (1.033) was very close to 1. Figure 11 shows the factor loadings of the tasks 

with two components. However, similar to applying the EYT tasks for the full sample, although 

the two-factor structure was appropriate for the full sample, it is still reasonable to consider the 

other factor might account for less variance. In other words, the second factor might be a little 

less important to be a factor to measure second-grade students’ executive functions. If consider 

the EYT as a global tool, the factor loading of the “Go” task is .332, the factor loading of the 

“No-Go” task is .689, the factor loading of the “Not This” task is .671, the factor loading of the 

“Mr. Ant” task is .529, and the factor loading of the “Card Sorting” task is .728 (as Figure 12 

shows). In this case, the “Go” task was less important to the global executive functions than the 

other tasks.  

 The BRIEF2 and the EYT tasks for the third-grade students. For the BRIEF2, to 

address the question of whether the BRIEF2 can be considered as a single global factor to 

measure the third-grade students’ global executive function problems, I conducted a PCA with 

one fixed factor using the three composite scores. The results of Kaiser-Meyer-Olkin and 

Bartlett’s test in the BRIEF2 indicated that the PCA is useful with the three composite scores in 

the BRIEF2 (KMO = .611, χ2 = 24.656, p < .001). A single eigenvalue greater than 1 (2.214) 

was obtained. Figure 13 shows the factor loading of BRI is .866, the factor loading of ERI 
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is .933, and the factor loading of CRI is .771, which are strong but not quite similar. In this case, 

the ERI was the most important domain to the global executive functions while the CRI was the 

least important domain. The strong factor loadings indicated that the three composite scores of 

regulations contributed strongly to an overall measure of children’s global executive function 

problems in this case. Based on these results, it appears that for the full sample the BRIEF2 can 

be considered as a tool to measure the socio-demographically diverse third-grade students’ 

global executive functions.  

For the EYT tasks, to address the question of whether the EYT tasks can be considered as 

a single global factor to measure the third-grade students’ global executive functions, I also tried 

to conduct a PCA with one fixed factor using the five scores. The results of Kaiser-Meyer-Olkin 

and Bartlett’s test in the EYT tasks indicated that the data was pretty poor to conduct PCA 

(KMO = .593, χ2 = 11.399, p = .327). Hence, the PCA for the EYT tasks as a tool to measure the 

global executive functions for the third-grade students cannot be conducted.  

Correlation Analyses 

Based on the factor loadings weight of the composite scores for BRI, ERI, and CRI in the 

BRIEF2 and the scores in the EYT tasks, a weighted average reflecting global executive 

functioning was created for each assessment. One thing needed to be acknowledged was that I 

created the single composite scores despite evidence suggesting the EYT might be better 

represented by two components. And the reason why I created the single composite score was 

that all cases the eigenvalue of the second factor was close to 1 so the second factor might be not 

as meaningful. For the purpose of illustrating whether teacher reports and direct assessments of 

children’s global executive functions are correlated, bivariate correlations among the total score 

of the BRIEF2 and the EYT tasks in each group are presented in Table 8.  
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Given that the BRIEF2 is a tool to measure children’s executive function problems while 

the EYT tasks is to measure children’s executive function skills, the correlation between them 

has to be negative. The more problems reflected by the BRIEF2, the poorer skills the EYT tasks 

should indicate. Using the full sample (N = 140), the global executive function score from the 

BRIEF2 was significantly and moderately correlated with the global executive function scores 

from the EYT tasks, r = -.38, p < .001. Noted that the “significantly” means that the association 

is predicted not zero in the population, and “moderately” refers to the effect size to describe the 

degree of correlation, based on Cohen’s suggestion. For males only (N = 77), the global 

executive function score from the BRIEF2 was significantly and moderately correlated with the 

global executive function score from the EYT tasks, r = -.405, p < .001. For females only (N = 

63), the global executive function score from the BRIEF2 was significantly and moderately 

correlated with the global executive function score from the EYT tasks, r = -.37, p = .003. So, 

the correlation between the global executive function score from the BRIEF2 and the global 

executive function score from the EYT tasks across the sample of males was a little stronger than 

across the sample of females. For the first-grade students only (N = 59), the global executive 

function score from the BRIEF2 was significantly and moderately correlated with the global 

executive function score from the EYT tasks, r = -.346, p = .007. For the second-grade students 

only (N = 60), the global executive function score from the BRIEF2 was significantly and 

moderately correlated with the global executive function score from the EYT tasks, r = -.386, p 

= .002. However, the global executive function score from the BRIEF2 was not significantly 

correlated with the global executive function score from the EYT tasks across the sample of 

third-grade students (N = 21), r = -.024, p = .917. Hence, the correlation for the sample of the 

second-grade students was the strongest among all three grades students.  
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CHAPTER 4 

DISCUSSION 

With growing interest in both the antecedents and consequences of executive functions, 

there is a need to identify the best and most efficient approaches to measuring these skills. In the 

current study, I used data collected for the LCDSLS project to examine the preliminary factorial 

structure of a teacher report and direct assessment tool assessing executive functions in a sample 

of diverse elementary school children in the mid-west and began to offer insight into potential 

gender and grade differences in these structures. Ultimately, I sought to lend insight into which 

tool can more adequately measure children’s global executive functions for researchers and 

practitioners who are interested in these skills.  

The findings provided some evidence that teacher reports as a global tool adequately 

measured diverse lower-elementary school children’s executive functions while the structure 

with three subscales (i.e., cognitive, behavioral, and emotion regulation) of the teacher reports 

did not adequately reflect their executive functions in this sample. In fact, analyses using the 

eigenvalue greater than 1 rule revealed that an eleven-component structure might be more valid 

than the three-component structure. The validity of the measures may be affected by the 

complexity of the structure. In other words, it is possible that the different subscales of teacher 

reports measured children’s executive functions differently. Further, some subscales of the 

teacher reports could be separated into more distinct categories, as the findings suggest, and 

subscales titles could not reflect the subscales items enough (Duku & Vaillancourt, 2014; Spiegel 

et al., 2017). For example, in children this age, the broad skill of cognitive regulation may be 
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better separated into some narrower subscales including initiating tasks, working memory, 

planning, task-monitoring, and organization of materials (Gioia et al, 2015). Hongwanishkul, 

Happaney, Lee, and Zelazo (2005) suggested that cognitive and behavioral regulation (i.e., hot 

and cool regulation) may not be two distinct sets of skills until children are older. Therefore, 

perhaps attempting to measure broad skills like cognitive regulation, behavioral regulation, and 

emotion regulation is not appropriate until these skills begin to differentiate at older ages. Instead 

either very narrow subscales tapping into specific skills or a global skill might better reflect 

where children this age are developmentally.  

The findings also suggested that direct assessments can be used as a tool with two 

subscales including cognitive regulation and behavior regulation to measure diverse lower-

elementary school children’s executive functions in this full sample. The second component (i.e., 

behavior regulation), however, might be a little less important to measure their executive 

functions because the eigenvalue of the second factor was very close to 1. In other words, the 

findings of the direct assessments indicated that the second factor needed to be interpreted with 

caution. One of the limitations of direct assessments—task impurity problem (Miyake et al., 

2000; Toplak et al., 2013)—may be a reason for this dilemma. Developers of teacher reports can 

develop items as unidimensional as possible. However, as Miyake et al. (2000) suggested, one 

direct assessment task can focus on more than one executive functioning skill, which may be 

reflect the multidimensionality of the skill. For example, in terms of the Go/No-Go tasks, the 

tasks were designed to focus on children’s behavior regulation, but children still needed to have 

basic cognitive skills such as working memory to complete the task.  

In terms of measuring the diverse lower-level elementary students’ executive functions in 

the full sample, the reasons why the teacher report fit better as a global tool than the direct 
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assessments include the development of children’s executive functions in this age and the 

characteristics of the tool itself. From the perspective of children’s development, it is hard for 

lower-level elementary children (6-9 ages of the year) to differentiate the interactive set of skills 

such as cognitive regulation, behavior regulation and emotion regulation under the umbrella of 

executive functions. The boundaries among each set of skills are not clear for children at this 

age. Indeed, Zelazo and Cunningham (2007) suggested that in highly emotional situations, 

emotion regulation may actually interfere with cognitive regulation but in less emotional 

situations, emotion regulation may support cognitive regulation (or take a back seat to it while 

children draw on their cognitive regulation skills). Hence, the skills may not be as independent or 

distinguishable as would be ideal for measuring them. Further, children develop their emotion 

regulation skills when they get older. Hence, children at this age may require global tools to 

assess their broad set of executive functions skills rather than tools that assess specific skills. 

Therefore, the characteristics of the tools are also important. Relatedly, the 63 items in the 

teacher report were so comprehensive that they can almost cover all dimensions of executive 

functions, which means the teacher report can be used as a global tool but each individual scale 

may not have had sufficient items to reflect that skill at this developmental stage. In contrast, 

there are only four tasks to measure cognitive regulation and behavior regulation, which is not 

enough to cover all domains of children’s executive functions, compared with the seven skills in 

the teacher report measuring these two constructs. So, the direct assessments may not measure 

children’s global executive functions as adequately as the teacher report because of the small 

number of tasks. Nonetheless, there is the issue of task impurity with the direct assessments 

(Miyake et al., 2000; Toplak et al., 2013), which enables the direct assessments to be used to 

measure global executive functions to some extent. 
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Preliminary Findings by Sex 

When measuring the boys’ and girls’ global executive functions, the teacher reports, as a 

global tool, appear to more adequately measure children’s executive functions than the direct 

assessment. Even though teacher reports measured adequately as a global tool because there was 

no obvious difference of factor structure between boys and girls, in fact, the descriptive statistics 

revealed that the scores look different for boys and for girls. That is, the mean number of boys’ 

executive function problems was larger than the mean number of girls’ executive function 

problems, which suggested that teachers believed boys performed worse than girls in the 

classroom. This potential difference in the score may be due to teachers’ bias. Teacher reports 

are biased with students’ executive functions (Garcia, et al., 2019; Nisbett & Wilson, 1977; 

Ready & Wright, 2011). There are reasons for this bias on sex. Because boys may perform more 

active than girls of the same ages and it is hard for teachers to manage boys, a negative 

perception or bias comes to the teachers’ mind. Moreover, compared with children’s cognitive 

regulation, it is easier for teachers to rate the children’s behavior regulation. Given that boys’ 

behavior regulation seems poorer than girls’, teachers may believe that the number of boys’ 

executive function problems is larger even though behavior regulation is only one of the 

dimensions of executive functions. Despite these mean differences, preliminary findings 

suggested that the factor structure is similar and thus additional work is needed to more 

adequately understand these mean level differences and to determine whether the factor structure 

is, in fact, similar for boys and girls. 

Interestingly, according to the children’s performance on the direct assessments, there 

was not too much difference in the mean level scores between boys and girls, which suggested 

that the direct assessments may offer a way to avoid the issue of teachers’ bias. However, the 
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preliminary subgroup analysis by sex suggested that factor structure may look different for boys 

and for girls. That is, for boys there appears to be one factor while for girls, two factors. 

Compared with boys, girls might develop their behavior regulation and cognitive regulation 

earlier. For example, there is initial evidence that boys (5-11 years) make more errors and have 

worse accuracy than girls in this age in attention functions like inhibitory control (Sobeh and 

Spijkers, 2012). Boys in this age might not yet differentiate the behavior regulation and cognitive 

regulation as much as girls. Further, girls might use all of their inter-related skills while boys 

might rely more heavily on one skill so it appears that executive function is more unidimensional 

for boys. Thus, it might be more appropriate to measure girls’ executive functions with the two-

factor direct assessments and to measure boys’ executive functions with the single global teacher 

report. Therefore, when using a teacher report, boys and girls can both be described by a single 

global executive function score but when using direct assessments, it may be better to treat girls’ 

executive functions as multi-dimensional and boys’ executive functions as unidimensional. 

Additional research based on different samples should be conducted to continue to explore this 

question. 

Preliminary Findings by Grade 

When it comes to the issue of using teacher reports and direct assessment to measure 

children’s executive functions in different grades, the findings of descriptive statistics revealed 

mean differences between grades and suggested that the performance of children’s executive 

functions improved with the increasing grade, which reflected the typical development of 

children’s executive functions. Executive functions become more refined as children get older. 

This would be expected as both children’s behavior and cognitive regulation develop rapidly in 
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the elementary school-age period (Carlson, 2005; Diamond, 1990; Garon, et al., 2008; Hughes, 

et al., 2010; O’Meagher et al., 2019).  

The preliminary findings suggested that the teacher report as a single global tool 

measured children’s global executive functions adequately in each grade. However, the finding 

suggested that it might be better to use the direct assessment as a two-factor tool to measure 

children’s executive functions in first and second grade (the results with the third grader sample 

cannot be presented because of the small sample size, but I can assume that the third graders also 

fit two-factor direct assessment). Admittedly, the second factor might be a little less important to 

measure children’s executive functions because the eigenvalues in both cases are close to 1. 

Given that children in each subgroup of grade also included both males and females, the sample 

of each subgroup of grade can be considered as similar as a “smaller” full sample. Hence, similar 

to the full sample, as mentioned above, task impurity and the young age might explain this 

situation. Direct assessments can focus on more than one executive functioning skill and the 

skills may not be distinguishable for young children, which may enable the direct assessments to 

be used to assess global executive functions to some extent. So, the second factor of executive 

functions needed to be interpreted with caution (details refer to page 37 and 38 in the paper). 

Correlations between Teacher Reports and Direct Assessments 

Consistent with prior research (Fuhs et al., 2015) which reported that several teacher 

reports and direct assessments of executive functions in their sample of prekindergarten children 

were correlated (the range of r is from .257 to .511), the findings in the current study provided 

the evidence that the teacher report and the direct assessment tool are significantly and 

moderately correlated with each other in the full sample of socio-demographically diverse lower-

level elementary school children (r = -.38). Fuhs et al. (2015) also suggested that the two 
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measures of executive functions were correlated especially when the direct assessments were 

modeled as a single component score. Similarly, the findings in the current study suggested the 

moderate correlation between the two measures of global executive functions for the full sample.  

However, the correlations summarized in the current study and in the study by Fuhs et al. 

(2015) were stronger than other those summarized by Blair et al. (2015), Clark et al. (2010), 

Mcauley et al, (2010), O’Meagher et al. (2019), Sulik et al. (2010), and Toplak et al. (2013). The 

reason for the difference might be the various demographic characteristics and the various ages 

of the sample and in research. For example, Blair et al. (2015) used a primarily rural and low-

income sample of prekindergarten through second grade children. Low-income children are 

already behind their more advantaged peers in typical learning skills like reading and math due 

to a lack of education supports from family or to excessive stress (Evans, 2004). The children 

from low-income families or from regions of high poverty may have little chance to use iPad 

before, so it may be hard for them to proficiently use iPad to participate the direct assessments. 

Hence, the weak correlation between the teacher report and the direct assessments may be 

explained by this demographic characteristic. Furthermore, the moderate correlation in my 

sample indicated that to some extent the two measures have similar functions and can tap into 

similar broad skills for younger children. That does not indicate that teacher reports and direct 

assessments are the same, however; that means the difference between the two measures are not 

clear because younger children have poorer executive functions and they cannot distinguish 

different dimensions in the executive function set. As Toplak et al. (2013) suggested, direct 

assessments focus on information-processing mechanisms in brain (e.g., working memory and 

inhibition) while teacher reports focus more on the choice of action to achieve goals and 

decision-making. Overall, they may be related functions, which is why they correlated but they 
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are distinct. It is really hard for younger children to differentiate these executive function skills. 

Because the sample used in the research by Fuhs et al. (2015) was prekindergarten children and 

the sample used in the current study were lower-level elementary school children, both the 

samples might be too young to distinguish the different dimensions of executive functions. 

Therefore, the difference between the teacher report and the direct assessment was not clear 

when measuring young children like the sample in the current study, which may explain the 

limited relative moderate correlations. 

In terms of subgroups (males, females, 1st graders, 2nd graders, and 3rd graders), one thing 

that needs to be noted was that I used the single composite scores for all subgroups despite 

evidence suggesting the direct assessments might be better represented by two components in 

some subgroups, because all cases the eigenvalue of the second factor was close to 1. So, the 

second factor might be not as meaningful. Nevertheless, these findings provide preliminary 

evidence that even in the subgroups, a global score for executive functions for the teacher report 

and the direct assessment are significantly and moderately correlated with each other (the range 

of r is from -.405 to -.346) except for third-grade children (r = -.024). The reasons why the 

correlation in the sample of third-grade children was weak may include the elder age of third-

grade children and the small sample size. Given that the sample of the research by Fuhs et al. 

(2015) was prekindergarten children and the sample of the current study which showed moderate 

correlation was first and second-grade elementary school children, and the samples of other 

research were diverse with a wide range of ages or even elder sample, I can predict that the 

correlation between teacher reports and direct assessments is associated with the age of the 

sample. The older the children become, the more developed executive function skills the children 

have, the weaker correlation between teacher reports and direct assessments may be obtained.  
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Limitations and Future Research 

Although the results from the current study contribute to our knowledge about the 

structure of teacher reports and direct assessments of children’s executive functions and provide 

some insight into the relationship between teacher reports and direct assessments, especially 

digging into their structures, study limitations must be acknowledged. First, the data analysis is 

preliminary, and compared with confirmatory factor analysis within a structural equation 

modeling framework, PCA may not be the best method to use. In factor analysis, total variance 

can be partitioned into common variance and unique variance (unique variance is equal to the 

sum of specific variance and error variance) (UCLA: Statistical Consulting Group). However, 

PCA is not a model and makes the assumption that there is no unique variance and the total 

variance is equal to common variance, hence, no separation is made between common variance 

and unique variance and the initial communalities are all 1, which represents all of the variance 

of each item included in the analysis (Steyn, 2017). And PCA makes no assumption about a 

model and focuses on which linear relationships exist and how any particular variable might 

contribute to that relationship (Steyn, 2017).  

Second, PCA may not be the best method to use, particularly if the measurement model is 

group invariant. Given that I also focused on whether the structure of the measures held in 

subgroups, the samples for each analysis were technically different as I conducted separate PCAs 

for each subgroup; hence, the groups were not necessarily comparable. In other words, within the 

full sample (N = 140), I selected five different samples with only males (N = 77), only females 

(N = 63), only 1st graders (N = 59), only 2nd graders (N = 60), and only 3rd graders (N = 21) to 

explore if the structure held in each subgroup. Actually, these samples were mutually exclusive 

groups as were the grades but that males were distributed across grades (and vice versa). In other 
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words, they were not five independent samples; they were two independent samples for the sex 

subgroup analysis and three independent samples for the grade subgroup analyses. The sample 

and the sample size were both various. However, if I conducted confirmatory factor analysis 

within a structural equation modeling framework, the sample would always be the full sample (N 

= 140), which would allow me to more accurately examine measurement invariance across 

groups than conducting PCAs. I currently do not have enough skills to conducting confirmatory 

factor analysis within a structural equation modeling framework, but for future research, more 

advanced data analysis methods are needed. 

Third, in the first PCA I conducted to explore if the three-component structure is 

appropriate, the results showed that the three-component structure is not adequately to measure 

children’s executive functions. However, in the second PCA I conducted to explore if the single 

global structure can be considered as a valid structure (i.e., consider the three broadband items 

into one component), I still used the three composite scores as items to fit the global executive 

composite based on the authors’ suggestion, which should be acknowledged as one of the 

limitations in the research. However, the authors also suggest that there are 9 subscales that can 

be derived from this measure and the item level data (i.e., the results of the first PCA) better 

reflect this. Moreover, it is possible that for children at this age, the three broad subscales have 

not yet differentiated and thus are not reflected in the first PCA so these analyses should be 

interpreted with some caution. 

Last but not least, the sample size for third-grade children was small, which made it 

difficult to assess the results for the sample of third-grade children. For better conducting 

confirmatory factor analysis within a structural equation modeling framework, more than 200 

participants might be ideal.  



 

48 

Implications 

Based on the findings and analysis, I made suggestions to the researchers who are 

interested in measuring diverse lower-level elementary school children’s executive functions. 

First, if researchers are more interested in measuring children’s global executive functions and 

have limited time and budget to conduct both measures, they can use only the teacher reports 

(e.g., different versions of the BRIEF) rather than direct assessments, because the findings 

suggested that the teacher reports can adequately measure the children’s global executive 

functions as a single global tool. Second, if researchers intend to measure boys’ global executive 

functions, both teacher reports and direct assessments can do so adequately. If researchers intend 

to measure girls’ executive functions, I would suggest using direct assessments (e.g., EYT) with 

subscales and focus on two dimensions (e.g., cognitive regulation and behavior regulation) in 

executive functions, which is not only because direct assessments might be good at measuring 

two dimensions, but also because girls in this age may have better skills to distinguish the 

specific executive function skills. Third, if researchers want to avoid teachers’ bias while they 

have enough time and budget to conduct direct assessments, they would better to use both. Last 

but not least, if researchers intend to measure older children or children with relatively stronger 

executive functions, I suggested using both measures because the greater inconsistency between 

teacher reports and direct assessments might exist as children grow. However, as previously 

mentioned, all the suggestions are preliminary and may not be relevant for a different sample, 

and researchers need to conduct additional exploratory research like this if they are interested in 

different population.  
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Appendix A 

Tables 

Table 1  

List of Teacher Reports of Children’s Executive Functions and the Relevant Cognitive Abilities 

Teacher reports Factors or subscales 

Cooper-Farran Behavioral Rating Scale 

(CFBRS; Cooper & Farran, 1988, 1991) 

Two subscales: Work-Related Skills (WRS) and 

Interpersonal Skills (IPS) 

Behavioral Assessment of the 

Dysexecutive Syndrome 

(BADS; Wilson et al., 1996) 

 

Single Scale designed to measure 

emotional/personality, motivational, behavioral, 

and cognitive changes 

Behavior Rating Inventory of Executive 

Function (BRIEF; Gioia, Isquith, Guy, 

& Kenworthy, 2000) 

 

 

 

 

Inhibit, Shift, and Emotional Control scales form 

the Behavioral Regulation Index (BRI); Initiate, 

Working Memory, Plan/Organize, Organization of 

Materials, and Monitor scales form the 

Metacognition Index (MI); Behavioral Regulation 

Index and Metacognition Index form a Global 

Executive Composite (GEC) 

Children’s Behavior Questionnaire 

(Rothbart, Ahadi, Hershey, & Fisher, 

2001) 

Three broad dimensions of temperament: 

Extraversion/Surgency, Negative Affectivity, and 

Effortful Control 

 

Behavior Rating Inventory of Executive 

Function, Preschool Version (BRIEF-P; 

Gioia, Espy, & Isquith, 2003) 

 

The Inhibitory Self-Control Index (ISCI)is 

composed of the Inhibit and Emotional Control 

scales, the Flexibility Index (FI) is composed of the 

Shift and Emotional Control scales, and the 

Emergent Metacognition Index (EMI) is composed 

of the Working Memory and Plan/Organize scales.  

Working Memory Rating Scale 

(WMRS; Alloway et al., 2008) 

 

Single composite measure of working memory 

deficits  

Childhood Executive Functioning 

Inventory (CHEXI; Thorell & Nyberg, 

2008; Thorell et al., 2010) 

Working memory and inhibition  

https://onlinelibrary.wiley.com/doi/full/10.1111/jcpp.12001#b107
https://onlinelibrary.wiley.com/doi/full/10.1111/jcpp.12001#b4
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Teacher Survey in Measuring 

Elementary School Students’ Social and 

Emotional Skills (Scarupa, 2014) 

 

Self-control, persistence, and social competence.  

 

Behavior Rating Inventory of Executive 

Function, Second Edition (BRIEF2; 

Gioia, Isquith, Guy, & Kenworthy, 

2015) 

 

Inhibit and Self-monitor scales form the Behavioral 

Regulation Index (BRI); Shift and Emotional 

Control scales form the Emotional Regulation 

Index (ERI); and Initiate, Working Memory, 

Plan/Organize, Task-monitor, Organization of 

Materials scales form the Cognitive Regulation 

Index (CRI). The three indexes form a Global 

Executive Composite (GEC) 
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Table 2             

List of Some Direct Assessments of Executive Functions  

Dimension  Direct Assessment Author (Year) 

Working Memory Corsi Blocks Task—Visuo-spatial 

short-term memory and working 

memory 

Corsi, 1972 

  

Mr. Cucumber Task Case, 1985 

  

EYT Mr. Ant Task—Visual-

spatial working memory 

Howard and 

Melhuish, 2017 

  

EYT Not This Task—

Phonological working memory 

Howard and 

Melhuish, 2017 

   

Inhibitory Control Peg Tapping (PT) Diamond and Taylor, 

1996  

  

Head Toes Knees Shoulders 

(HTKS) 

Ponitz, McClelland, 

Matthews, and 

Morrison, 2009 

  

EYT Go/No-Go Task Howard and 

Melhuish, 2017 

  

Cognitive Flexibility (Shifting) Stroop Test Stroop, 1935 

  

Wisconsin-Card Sorting Test 

(WCST) 

Chelune, Talley, Kay, 

and Curtis, 1993 

 

The Brixton Spatial Anticipation 

Test  

 

Burgess and Shallice, 

1996 

Dimensional Change Card Sort 

(DCCS) 

Zelazo, 2006  

 

EYT Card Sorting Task Howard & Melhuish, 

2017 
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Table 3 

Descriptive Statistics for the Full Sample 

 Full Sample 

 Mean/% 

Variable (SD) 

EYT (Direct 

Assessment) 

GO-ACC 94.71% 

(6.80) 

NO-GO-ACC 73.09% 

(26.65) 

NOT THIS-ACC 11.84 

(3.96) 

MR.ANT-ACC 7.52 

(3.22) 

CSORT-ACC 14.12 

(3.39) 

BRIEF2 

(Teacher Report) 

Inhibit 3.49 

(4.38) 

Self-Monitor 1.91 

(2.59) 

BRI 5.41 

(6.76) 

Shift 2.36 

(2.73) 

Emotional Control 1.96 

(3.34) 

ERI 4.33 

(5.61) 

Initiate 1.79 

(2.24) 

Working Memory 4.04 

(4.28) 

Plan/Organize 3.03 

(3.69) 

Task-Monitor 3.60 

(3.25) 

Organization of Materials 1.17 

(1.87) 

CRI 13.63 

(13.80) 

GEC 23.36 

(23.34) 
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Table 4 

Descriptive Statistics for the Males and Females (by Sex) 

 Male Female 

 Mean/% Mean/% 

Variable (SD) (SD) 

EYT (Direct 

Assessment) 

GO-ACC 95.22% 94.09% 

(6.92) (6.66) 

NO-GO-ACC 72.66% 73.62% 

(27.17) (26.21) 

NOT THIS-ACC 12.22 11.38 

(4.05) (3.83) 

MR.ANT-ACC 7.61 7.41 

(3.12) (3.36) 

CSORT-ACC 13.68 14.67 

(3.68) (2.92) 

BRIEF2  

(Teacher Report) 

Inhibit 4.60 2.14 

(5.05) (2.88) 

Self-Monitor 2.36 1.37 

(3.00) (1.85) 

BRI 6.96 3.51 

(7.85) (4.50) 

Shift 2.53 2.16 

(2.81) (2.64) 

Emotional Control 2.27 1.59 

(3.61) (2.97) 

ERI 4.81 3.75 

(5.94) (5.16) 

Initiate 2.13 1.37 

(2.41) (1.96) 

Working Memory 4.83 3.08 

(4.76) (3.40) 

Plan/Organize 3.52 2.43 

(4.15) (2.96) 

Task-Monitor 4.40 2.62 

(3.35) (2.87) 

Organization of Materials 

 

1.48 .79 

(2.03) (1.59) 

CRI 16.36 10.29 

(15.02) (11.37) 

GEC 28.13 17.54 

(25.62) (18.80) 
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Table 5 

Descriptive Statistics for the 1st, 2nd, and 3rd Grade Students (by Grade) 

 Grade 1 Grade 2 Grade 3 

 Mean/% Mean/% Mean/% 

Variable (SD) (SD) (SD) 

EYT (Direct 

Assessment) 

GO-ACC 94.03% 94.27% 97.91% 

(5.89) (8.28) (2.46) 

NO-GO-ACC 65.31% 75.18% 88.97% 

(28.84) (25.39) (12.90) 

NOT THIS-ACC 11.31 12.08 12.67 

(3.14) (4.52) (4.29) 

MR.ANT-ACC 6.17 8.22 9.33 

(2.90) (3.08) (3.07) 

CSORT-ACC 13.17 14.78 14.90 

(3.72) (3.05) (2.70) 

BRIEF2 

(Teacher Report) 

Inhibit 4.58 2.73 2.62 

(4.56) (3.88) (4.74) 

Self-Monitor 2.31 1.72 1.38 

(2.65) (2.46) (2.77) 

BRI 6.88 4.45 4.00 

(6.95) (6.15) (7.40) 

Shift 2.63 2.30 1.81 

(3.07) (2.43) (2.56) 

Emotional Control 2.81 1.32 1.43 

(4.02) (2.43) (3.12) 

ERI 5.44 3.62 3.24 

(6.68) (4.27) (5.38) 

Initiate 2.25 1.58 1.05 

(2.37) (2.12) (2.04) 

Working Memory 5.12 3.70 2.00 

(4.90) (3.65) (3.16) 

Plan/Organize 3.83 2.82 1.38 

(4.31) (3.05) (2.96) 

Task-Monitor 3.86 3.58 2.90 

(3.63) (2.73) (3.55) 

Organization of  

Materials 

1.76 .88 .33 

(2.34) (1.44) (.58) 

CRI 16.83 12.57 7.67 

(16.13) (11.17) (11.36) 

GEC 29.15 20.63 14.90 

(27.02) (18.88) (20.50) 
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Table 6 

Bivariate Correlations among Three Subscales of the BRIEF2 

Scale BRI ERI CRI 

1. BRI —   

2. ERI .727** —  

3. CRI .652** .648** — 

 

**. Correlation is significant at the 0.01 level (2-tailed). 

 

Table 7 

Bivariate Correlations among the Five EYT Tasks 

Scale 1 2 3 4 5 

1. GO Task —     

2. NO-GO Task .281** —    

3. NOT THIS Task .085 .287** —   

4. MR.ANT Task .174* .309** .253** —  

5. CSORT Task .053 .210* .273** .225** — 

 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 

 

Table 8  

Bivariate Correlations among the Total Score of the BRIEF2 and the EYT Tasks in Each Group 

 BRIEF2 Score 

EYT Score 1 2 3 4 5 6 

1. Full sample -.380**      

2. Male   -.405**     

3. Female   -.370**    

4. Grade 1    -.346**   

5. Grade 2     -.386**  

6. Grade 3      -.024 

 

**. Correlation is significant at the 0.01 level (2-tailed). 
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Table 9 

Rotated Components Matrix for the EYT Tasks in Two Factors 

 Component 

Variable 1 2 

“Go” Task -.120 .872 

“No-Go” Task .407 .636 

“Not This” Task .723 .120 

“Mr. Ant” Task .516 .418 

“Card Sorting” Task .756 -.041 

 

Extraction Method: Principal Component Analysis. 

Rotation Method: Varimax with Kaiser Normalization 
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Appendix B 

Figures 

 

Figure 1. The Path Diagram of the BRIEF2 for the Full Sample 

 

 

Figure 2. The Path Diagram of the EYT for the Full Sample (Subscales) 



 

71 

 

 

Figure 3. The Path Diagram of the EYT Tasks for the Full Sample (Global) 

 

 

 

Figure 4. The Path Diagram of the BRIEF2 for the Males 
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Figure 5. The Path Diagram of the EYT Tasks for the Males 

 

 

 

Figure 6. The Path Diagram of the BRIEF2 for the Females 
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Figure 7. The Path Diagram of the EYT Tasks for the Females (Subscales) 

 

 

 

Figure 8. The Path Diagram of the BRIEF2 for the First-Grade Students 
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Figure 9. The Path Diagram of the EYT Tasks for the First-Grade Students 

 

 

 

 

Figure 10. The Path Diagram of the BRIEF2 for the Second-Grade Students 
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Figure 11. The Path Diagram of the EYT Tasks for the Second-Grade Students (Subscales) 

 

 

Figure 12. The Path Diagram of the EYT Tasks for the Second-Grade Students (Global) 
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Figure 13. The Path Diagram of the BRIEF2 for the Third-Grade Students 

 


