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ABSTRACT 

The present study aimed to compare the interrelations of cognitive (or performance-based) 

versus behavioral rating measures four specific domains of Executive Function (EF), and to 

relate these to academic outcomes in children. The goal of this study was to examine the 

relation between cognitive and behavioral rating measures of EF on a 1:1 basis, within a 

constricted age range in typically developing children. Ninety-six 4
th

 and 5
th

 grade students 

were assessed with cognitive and behavioral rating measures (teacher reports) within four EF 

domains (working memory, planning, inhibition and shift). Relations between both 

measurement types within each EF domain were modest (range r = |.19 to .25|), and their 

relation to measures of reading comprehension and math performance were moderate (range 

r = |.29 to .55|). All regression models within each EF domain (working memory, planning, 

inhibition, and shift) were significant (p < .05) with and without the inclusion of relevant 

covariates (phonological decoding, education program, and/or age). Final models with all 

relevant covariates and EF measures were significant (p < .05) in the prediction of reading 

comprehension and math, with working memory particularly important for reading 

comprehension and inhibition particularly important for math. Cognitive measures and 

behavioral ratings of EF were only modestly related to each other, though each was 

contributory to the prediction of both reading comprehension and math.  
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Cognitive and Behavioral Rating Measures of Executive Function as Predictors of 

Academic Outcomes in Children 

 The present study compared the interrelations of cognitive (or performance-based) 

versus behavioral rating measures from four specific domains of Executive Function (EF), 

and related these to measures of academic outcomes in children. 

Executive Function 

The construct of EF has been defined in an assortment of ways in the extant literature. 

An agreed-upon cross-discipline definition remains elusive, although several different 

literatures describe constructs with a high degree of similarity. In the neuropsychological 

literature, EFs have traditionally been thought of as behaviors ascribed to the frontal lobes, 

but more recent conceptualizations are multidimensional, and emphasize a range of processes 

(Alvarez & Emory, 2006). Mahone et al. (2002), for example, defined EF as “initiation, 

planning, shifting of thought or attention, organization, inhibition of inappropriate thought or 

behavior and efficiently sustained and sequenced behavior (p. 644).” In educational 

psychology, self-regulated learning shows conceptual similarity to EF and includes the 

processes of, “forethought, performance or volitional control, and self-reflection” (Tonks & 

Taboada, 2011, p. 175). The cognitive psychological literature describes working memory in 

terms similar to EF and theoretical models of working memory often reflect EF processes 

(e.g. the central executive in Baddeley’s model of working memory; Baddeley, 1996).  

For children, executive dysfunction is most likely to have its impact in the classroom 

and academic outcomes, as well as in their family and peer relationships (Anderson, 2002). 

Executive dysfunction in children and adolescents produces negative consequences for 

occupational performance and outcomes through adulthood (Barkley & Murphy, 2010).  
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Development of EF. EF was originally studied in adults with frontal lobe lesions or 

injuries which caused disturbances in the control of planned and organized behavior 

(Pennington & Ozonoff, 1996). In children, focal acquired lesions are less common than in 

adults, but do occur and can lead to executive dysfunction (Anderson et al., 2007). Impaired 

EF has also been described in a number of neurological and neurodevelopmental disorders 

that have a range of neurobiological concomitants, including traumatic brain injury 

(Beauchamp et al., 2011; Levin & Hanten, 2005; Mangeot, Armstrong, Colvin, Yeates, & 

Taylor, 2002), spina bifida and hydrocephalus (Burmeister et al., 2005; Mahone, Zabel, 

Levey, Verda, & Kinsman, 2002), Tourette Syndrome (Cirino, Chapieski, & Massman, 2000; 

Eddy, Rickards, & Cavanna, 2012; Mahone, Cirino, et al., 2002), epilepsy (Luton, Burns, & 

Defilippis, 2010; Parrish et al., 2007), Attention-Deficit/Hyperactivity Disorder (ADHD) 

(Barkley, 1997; Willcutt, Pennington, Olson, Chhabildas, & Hulslander, 2005) and learning 

disorders (Biederman et al., 2004; Bull & Scerif, 2001; Locascio, Mahone, Eason, & Cutting, 

2010). Therefore, executive dysfunction need not share a 1:1 relationship with specific brain 

lesions. Control groups of typically developing children are often used to compare and 

describe deficits associated with a specific disorder or injury. However, there is a paucity of 

research that focuses specifically on performance in a non-clinical population, particularly on 

more experimentally or model-driven tasks. Understanding how EFs are associated with 

either developmental aberrations or normative development are complementary approaches, 

with advancement in one area relevant to knowledge in the other. 

EF development has been shown to correspond with the physiological maturation of 

the cortex, is likely nonlinear, and shows influences from both genetic and environmental 

factors (De Luca & Leventer, 2008). EF development has been studied in its own right with 
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neuropsychological tools that are either task or performance based (cognitive) measures or 

via behavioral rating scales. EFs develop in rapid spurts through childhood and adolescence, 

which are differentially sensitive to specific executive processes, with different EFs reaching 

“maturity” at different points in time (Anderson, 2008; Anderson et al., 2001; Levin et 

al.,1991). Empirical studies show developmental spurts clustered around the ages of 5 to 8, 9 

to 12, and 13 to 15 (De Luca & Leventer, 2008). 

This nonlinear development of EF can influence performance on tasks at different 

ages (Best, Miller, & Naglieri, 2011). Further, the trajectory of different EFs depends not 

only on age, but also may vary according to task parameters that differ widely. Thus, there is 

the potential for the same construct or label to be associated with sometimes rather different 

tasks, for example, the Working Memory Test Battery Listening Recall subtest and the 

Letter-Number sequencing subtest from the Wechsler Intelligence Scale for Children-IV are 

both measures of working memory but are very different tasks. The relation between 

measures of EF and the processes that they capture in children can be difficult to define when 

a factor like the developmental stage of EF for a sample is not taken into consideration. The 

goal of this study is to capture the relations of EF constructs measured in two different ways 

(via cognitive tasks and behavioral ratings) rather than tracking development, and so I focus 

on a narrow developmental period (e.g., children between the ages of 10 and 11) that is 

nonetheless associated with strong individual differences across EF constructs.  

Models of EF. There are a number of models of EF and its related functions, such as 

working memory. These include Baddeley’s early and influential model of working memory 

(Baddeley & Hitch, 1974; Baddeley, 1996), Norman and Shallice’s Supervisory Attentional 

System (SAS) (Baddeley, 1996; Norman & Shallice, 1980), and Anderson’s theoretical 
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developmental model (2008; 2002). In their seminal article, Miyake and colleagues (2000) 

described three separate but related EF processes (shifting, inhibition, and updating) and 

related these to performance on several neuropsychological measures of EF (i.e. the Tower of 

London and the Wisconsin Card Sorting Task) in 137 undergraduates. Shifting was defined 

as the ability to change between mental operations on a task and ignore interference or 

previously learned strategies (Miyake et al., 2000). Updating referred to “updating and 

monitoring of working memory representations” (Miyake et al., 2000, p. 56). The third 

factor, inhibition, entailed the deliberate suppression of specific responses (Miyake et al., 

2000). More recently, Miyake has argued that inhibition is highly correlated with a “common 

EF” which is thought to be an underlying factor that influences performance on all EF 

measures, and therefore may be less independent than updating and shifting  (Miyake & 

Friedman, 2012).  

Lehto et al. (2003) attempted to validate Miyake’s model in children between the ages 

of 8 and 13 and found evidence to support the “unity and diversity” theory of EFs. Through 

exploratory and confirmatory factor analysis they found that inhibition, shifting and working 

memory (here aligned with Baddeley’s conception of the central executive, rather than 

Miyake’s updating) were independent yet related constructs (Lehto et al., 2003). In a separate 

study attempting to understand the influence of performance-based measures on the construct 

of EF, van der Ven, Kroesbergen, Boom, and Leseman (2013) found that a three-factor 

model based on Miyake’s model did not hold up when the speed required to perform each 

task was taken into account. They found that a two-factor model with updating and a 

combination of inhibition and shifting more strongly fit their data, indicating that the 

construct of EF in children may be different than the construct of EF in adults (van der Ven 
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et al., 2013). More studies are needed that utilize a model of EF to characterize performance. 

The current study takes a step in this direction by examining Miyake’s structure hypotheses, 

operationalized differently than Lehto, and also including the “goal setting” element from 

Anderson, by incorporating an emphasis on planning.  

Measurement of EF. The two most common methods of assessing EF are through 

cognitive measures and behavioral rating scales. Understanding the interrelations among 

these measurement approaches, across EF components, and how they impact functional 

outcomes is critical.  

Cognitive measures of EF in children are similar to those used with adults. There are 

several challenges in using cognitive measures to capture EF. First, the highly structured 1:1 

setting, which has been hypothesized to “act as the examinee’s frontal lobe”, makes it more 

challenging to pick up on problems that are observed in less structured environments 

(Salthouse, Atkinson, & Berish, 2003). Second is the “task-impurity problem” (Miyake et al., 

2000; Miyake & Friedman, 2012), where the target task includes variance that may be 

necessary but not sufficient for the EF under study. Finally, novelty is a key characteristic of 

many EF tasks. In practice, the degree of novelty may not be the same across individuals, 

which can lead to the utilization of different strategies for the same task (Hughes & Graham, 

2002; Walsh, 1978). Thus it is not surprising that EF measures have less than ideal 

correlations among themselves over time, or with one another (Hughes & Graham, 2002; 

Miyake et al., 2000).   

Behavioral rating scales are an alternative way to assess EFs, and ameliorate some of 

the difficulties discussed above. Neuropsychological behavioral rating scale measures are 

completed by observers (parents and/or teachers) and/or the child (depending on their age). 
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Behavioral rating scales have been found to capture expected patterns of EFs in different 

clinical populations, correlate with biological markers associated with EF, and produce 

evidence of relations between EF and real-world functioning (Isquith, Roth, & Gioia, 2013). 

However, behavioral rating scales may be susceptible to their own challenges including rater 

differences, and the development of self-, parent- and teacher- or observer-report versions. 

Therefore, clinicians and researchers must rely on balancing multiple sources of information 

and reporter bias in making a diagnosis (Isquith et al., 2013). Some behavioral rating scales 

of EF provide only an overall total score which may not be sensitive enough to see certain 

types of observed behavior; for example, the BASC-2 provides a single Executive 

Functioning scale in addition to other content-area scales (Reynolds & Kamphaus, 2004). An 

exception to this is the BRIEF, which has reliable subscales for a number of EF processes 

(Gioia, Isquith, Guy, & Kenworthy, 2000).  

Previous studies examining the relation of cognitive measures versus behavioral 

rating scales of EF have shown mixed results. Toplak, West and Stanovich (2013) 

summarized much of this work in their review of 20 prior studies and found a median 

correlation of r = .19 across methods used in these studies. They concluded that the different 

types of measures capture different information: cognitive measures represent efficiency of 

performance in an optimal setting, whereas rating scales represent the frequency of goal 

achievement in typical settings (Toplak et al., 2013). However, not all studies show weak 

relations. Shimoni, Engel-Yeager and Tirosh (2012) found significant correlations between 

BADS-C performance with BRIEF total score and subscores (Metacognition Index, and 

Emotional Control, Working Memory, Planning, Monitoring, and Inhibition subtests, range r 

= .27 to .47) in Israeli boys. The relative strength of the relations in this study highlights the 
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additional power that may be obtained by comparing specific EF measures to behavioral 

rating scales rather than globally.  

Few studies have attempted to assess EF components with both performance 

measures and via behavioral rating scales. Toplak, Bucciarelli, Jain, and Tannock (2009), 

examined four EF processes (inhibition, working memory, set shifting and planning) in an 

adolescent population with ADHD and controls. BRIEF Teacher subscales of inhibition and 

working memory were significantly correlated to their cognitive counterparts  (Stop Signal 

Task, r = .32; WAIS-III Digit Span/Spatial Span, r = .33, respectively); shifting and planning 

measures did not significantly correlate across behavioral and cognitive domains (Toplak et 

al., 2009). Alloway et al. (2009) also examined the relation between teacher ratings of 

working memory and performance on a cognitive battery of working memory tasks. The 

authors found strong correlations between the listening recall and backwards digit recall 

measures of the author-developed battery Automated Working Memory Assessment 

(AWMA) and author-developed teacher rating scale WMRS (r’s = -.57, -.59, respectively) 

(Alloway et al., 2009).  

Given the above literature, such strong results would seem to require replication, 

preferably using other rating scales or other cognitive measures. While cognitive measures 

and behavioral rating scales of EF are commonly used together in clinical settings to 

understand a child’s current functional level, previous studies generally show weak relations 

among these two types of measures. However, few of these studies have attempted to identify 

the relation between these kinds of measures along specific domains of the EF construct.  

Relation of Executive Function to Academic Skill 
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  It is important to address the external correlates of EF, as the ecological validity of 

these measures is a recurrent issue (Burgess, Alderman, Evans, Emslie, & Wilson, 1998; 

Chaytor & Schmitter-Edgecombe, 2003). Children spend much of their time learning in 

school, so functional outcomes related to academic performance provide a reasonable target 

outcome by which to gauge the impact of EFs in children. As shown below, the EFs studied 

here (working memory, planning, inhibition, and shifting) have conceptual relevance for both 

reading comprehension and mathematics, and there is strong empirical support for the 

relation of EF with academic performance in children (Best et al., 2011; Biederman et al., 

2004; Waber, Gerber, Turcios, Wagner, & Forbes, 2006). Below, I introduce the relevance of 

academic skills of reading comprehension and math calculations, and then evaluate the 

empirical evidence supporting the role of EFs in both skills.  

Reading Comprehension. By late elementary school a child is expected to have 

mastered the basic skills of reading, like phonological decoding and reading fluency, and 

begun to develop strategies for reading to learn (or reading comprehension) (Sesma, Mahone, 

Levine, Eason, & Cutting, 2009). This developmental change is important as the 

requirements of the classroom and expectations of the child change, and students who were 

previously thought to be average readers may be identified as having challenges with reading 

comprehension (Biancarosa & Snow, 2004). Given the age range of our sample, I therefore 

focus on reading comprehension as a key target for EF.  

Mathematics. The study of mathematics is less-well developed than that of reading, 

though the situation is rapidly changing (Barnes, Fuchs, & Ewing-Cobbs, 2009). Mathematic 

development is hierarchical, evolving from math fact mastery in the earliest grades to later 

computational and application proficiency (Fuchs et al., 2006). The literature is much deeper 
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with regard to the cognitive concomitants of math fact mastery and computational skill, 

relative to other mathematical domains such as applications, in part due to diversity in the 

way the latter is measured. It is also true that by grade 4 or 5, many math facts have become 

automatized (Ashcraft & Christy, 1995). Therefore, I focus here on broad computational 

performance.  

Empirical Support for EFs in Academic Skills. Working memory is strongly 

related to reading comprehension performance (Cain, Oakhill, & Bryant, 2004; Carretti, 

Borella, Cornoldi, & De Beni, 2009; Christopher et al., 2012; McVay & Kane, 2012; Savage, 

Cornish, Manly, & Hollis, 2006; Seigneuric & Ehrlich, 2005; Sesma et al., 2009; St Clair-

Thompson & Gathercole, 2006). Similarly, working memory has been shown to be robustly 

related to mathematics performance (Bull & Scerif, 2001; Friso-van den Bos, van der Ven, 

Kroesbergen, & van Luit, 2013; LeFevre et al., 2013; St Clair-Thompson & Gathercole, 

2006).  

In contrast to working memory, planning, inhibition, and shifting show more variable 

support. Previous studies have found some evidence supporting the contribution of both 

planning (Sesma et al., 2009) and inhibition (Borella, Carretti, & Pelegrina, 2010; 

Protopapas, Archonti, & Skaloumbakas, 2007; St Clair-Thompson & Gathercole, 2006) to 

reading comprehension. However, this is not always true, for either planning (Locascio et al., 

2010; Sikora, Haley, Edwards, & Butler, 2002) or inhibition (Christopher et al., 2012). There 

are few studies that demonstrate a strong link between shifting and reading comprehension. 

For example, St. Clair-Thompson and Gathercole (2006) found a significant correlation 

between performance on a standardized English achievement test and only one of the two 
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shifting measures included in the study and a recent meta-analysis demonstrated a modest 

connection between shifting and reading (Yeniad et al., 2013).  

The pattern of more variable contributions of planning, inhibition, and shifting is also 

apparent in the mathematics literature. There is some support for the contribution of planning 

to mathematics performance (Sikora et al., 2002), but there are no other known studies 

targeting this relation. Some studies have found significant relations of mathematics with 

inhibition (Bull & Scerif, 2001; Espy et al., 2004; St Clair-Thompson & Gathercole, 2006), 

though others have not (Van der Ven, Kroesbergen, Boom, & Leseman, 2012). Finally, 

mathematical performance has been shown to be related to shifting (Bull & Scerif, 2001; 

Yeniad et al., 2013) though other studies have found mixed results (Espy et al., 2004; St 

Clair-Thompson & Gathercole, 2006; Van der Ven et al., 2012).  

In sum, the above suggests that for reading comprehension, working memory has 

received the strongest support, followed by inhibition, then planning and finally shifting. For 

mathematical computation, working memory is again the most implicated, followed by 

inhibition and shifting, and with the least information regarding planning. However, many of 

the above studies have focused primarily on cognitive measures of EF rather than on rating 

scales. To date, no known studies have examined the different methods of assessing EF 

within specific EF domains and also related them to academic outcomes. For example, 

Toplak et al. (2009) included measures of reading and math, however they were not used as 

outcome variables in the study, as their goal was to determine the clinical utility of the 

different types of measures in predicting ADHD status in adolescents. Furthermore, few 

known studies have examined the relation between academic achievement and behavioral 

ratings of EF with or without cognitive measures of EF, making this study unique.   
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The Present Study 

 The goal of the present study was to clarify the nature of the relation between EF and 

academic skill, by: (1) identifying interrelations among cognitive versus behavioral rating 

scales of EF; (2) examining component EF processes (e.g., comparing a cognitive task of 

planning to a behavioral rating scale of planning) with those processes identified from an 

important model of EF (Miyake et al., 2000) and the neuropsychological literature; and by 

(3) examining their relative predictive power for reading comprehension and mathematical 

outcomes. I also considered a non-clinical population of children, in an age range particularly 

relevant for growth in terms of both EFs and in terms of academic skill, allowing for later 

contrast to more specific neurodevelopmental populations. By examining the role of EF 

measures in predicting academic outcomes, I hoped to assist researchers and clinicians in the 

process of identifying and understanding reading comprehension and math difficulties. 

Further clarifying the role that each type of measure plays in predicting academic 

performance will provide a more comprehensive understanding of factors that have relevance 

in a clinical setting (e.g., making appropriate recommendations for accommodations). 

Theoretically, the results of this study will allow us to better conceptualize the development 

of EFs in a non-clinical population of children and to examine the ‘separate but relatable 

model’ of EF in such a population.  

Aims/Hypotheses 

1) The first aim was to clarify how cognitive and behavioral rating scale 

measures of EF relate to one another and to different academic skills. I expected the two 

types of measures to have low to moderate zero-order correlations with each other (Toplak et 

al., 2013). I expected significant positive correlations of cognitive EF to both reading 
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comprehension and math performance (St Clair-Thompson & Gathercole, 2006), and 

significant negative correlations of behavioral ratings of EF difficulty to both reading 

comprehension and math (McAuley, Chen, Goos, Schachar, & Crosbie, 2010).  

2)  Second, I aimed to identify the predictive value of cognitive versus behavioral 

rating measures of each specific EF process in predicting academic performance, when 

considered together. Because cognitive measures and behavioral rating scales capture 

different information (Sadeh, Burns, & Sullivan, 2012; Toplak et al., 2013), I predicted that 

both behavioral rating scales and cognitive measures would uniquely account for variance in 

academic performance.  

3)  Third, I aimed to identify the predictive value of four theoretically identifiable 

component EF processes (working memory, planning, inhibition, and shifting), when 

considered together, in predicting reading comprehension and math calculations 

performance. For reading comprehension I expected working memory, inhibition and 

planning to be significant predictors of performance. I expected that shift would have a 

minimal though likely still unique contribution to reading comprehension performance. For 

mathematical calculations I also expected working memory, inhibition and shift to be 

significant predictors of performance. I expected planning to have a minimal unique 

contribution to math calculations. Additionally, I expected the effect size of working memory 

to be qualitatively larger than the effect sizes for the other processes in the prediction of 

performance on both reading comprehension and math calculations measures. Given the 

empirical support for cognitive EF measures in the prediction of academic outcomes, I also 

expected that within each EF domain the cognitive measures would have qualitatively larger 

effect sizes than the behavioral rating measures.  
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Methods 

Participants 

Participants were 93 4
th

 and 5
th

 grade students enrolled in three public elementary 

schools in a large metropolitan area. This data was a portion of a larger parent project, and 

approved by the University of Houston Institutional Review Board. Average participant age 

was 10.91 years (SD = .72) and less than half (44.1%) of the population was male. The 

majority of students were identified as African American (n = 36; 38.71%) or Hispanic (n = 

48; 51.61%). While economic disadvantage and language proficiency data was not obtained 

for each individual participants, at the school level, 86% of the children enrolled in these 

schools were identified as being at an economic disadvantage, 32% were identified as having 

limited English language proficiency and 61% were identified as being “at-risk.” Thirteen 

children were part of either a Gifted and Talented program (n = 8) or Special Education 

program (n = 5) in their school. Table 1 shows participant characteristics.  

Procedures 

 Data was collected in the spring semester by trained examiners. Cognitive EF data 

was collected over the course of two individual assessment sessions on consecutive days. 

Academic outcome data was collected in one group assessment session. EF behavioral rating 

scale data was collected from 23 teachers over the course of the data collection period.  

Measures 

EF Behavioral Rating Measures. Behavior Rating Inventory of Executive 

Function –Teacher Report (BRIEF-T; Gioia et al., 2000). The BRIEF-T is an 86 item 

behavioral rating scale completed by teachers with eight subscales; Inhibit, Shift, Emotional 

Control, Initiate, Working Memory, Plan/Organize, Organization of Materials and Monitor. 
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The subscales are combined to form the two commonly used broad indices of Behavioral 

Regulation and Metacognition. Additionally, the BRIEF-T has two validity scales, 

Inconsistency and Negativity. Items are scored on a 1, 2, 3 scale with 1 indicating that the 

behavior has never been a problem, 2 indicating that the behavior is sometimes problem and 

3 indicating that the behavior is often a problem. The item responses are totaled and 

converted to T-scores to compare against a normative sample. Raw scores were used as the 

dependent measure for consistency in this study, as some of the cognitive EF tasks in the 

study do not have age-based normative data (e.g., standard scores), and therefore age would 

only be accounted for by some of the data in the model. Internal consistency coefficients of 

the BRIEF-T range from .90-.98.  The Working Memory, Plan/Organize, Inhibit and Shift 

subscales will specifically be analyzed in this study and have reported internal consistency 

coefficients of .93, .91, .96, and .91, respectively. The Working Memory, Plan/Organize, 

Inhibit and Shift subscales within this sample had coefficient alphas of α = .95, .94, .96, and 

.94, respectively. The teacher form of this measure was chosen for the purpose of capturing 

classroom behavior as it relates to academics.  

 EF Cognitive Measures. Working Memory Test Battery for Children (WMTB-C; 

Pickering & Gathercole, 2001) Listening Recall subtest. This subtest is often referred to as a 

complex span task (after (Daneman & Carpenter, 1980; Kane, Conway, Miura, & Colflesh, 

2007). The task requires the student to listen to a sentence, decide whether it is true or false, 

and then remember the last word of the sentence; recall is assessed after increasing series of 

sentences. There are six trials within each span length ranging from one to six words per trial. 

The total score of correct answers was used as the dependent measure. Test retest reliability 

is .61 for this subtest (Gathercole, Pickering, Ambridge, & Wearing, 2004).  
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Inquisit Tower Task (after (Shallice, 1982); Inquisit 3, 2003). The current task is 

modeled after the widely used Tower of London task, which has been related to academic 

performance (Sikora et al., 2002). The Inquisit Tower Task is a computer-based planning 

task wherein rings or balls are loaded onto one of three sticks. An initial and target 

configuration are provided, and participants make their model match the target in as few 

moves as possible while obeying several rules. Two of the problems require a minimum of 

two moves, three require a minimum of three moves, four require a minimum of four moves 

and four require a minimum of five moves. Coefficient alpha for all 13 problems within this 

sample was α = .51. Raw total score achieved across all 13 test problems will be used at the 

dependent measure.  

Delis-Kaplan Executive Function System (D-KEFS; Delis et al., 2001). The DKEFS 

is an age-normed battery of tests designed to capture executive function. Two subtest were 

used. To assess inhibit, the Color Word Interference Test (CWIT), which has four conditions 

(Color Naming, Word Reading, Inhibition and Inhibition/Switching), was administered. The 

primary measure in this study is the Inhibition condition which requires students to inhibit a 

prepotent response by reading the color of the ink of the word, rather than the word itself. 

The dependent measure will be the raw score obtained from the total time taken to complete 

this condition. Reliability for this measure ranges from .62 to .86. The CWIT subtest is 

widely used and modeled after the well-established Stroop task (Stroop, 1935). The DKEFS 

Trail Making Test (TMT) assesses shifting. The TMT has five conditions (Visual Scanning, 

Number Sequencing, Letter Sequencing, Number-Letter Switching and Motor Speed), each 

of which is timed. Reliability for this measure ranges from .57 to .81. The TMT is a well-

used test, with several other versions common (Reitan, 1992).The specific dependent 
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measure used here is the raw score obtained from the total time taken to complete the 

Number-Letter Switching condition, which requires students to draw a line switching 

between connecting numbers and letters in consecutive order. 

 Academic Measures. Gates MacGinitie Reading Tests – 4
th

 Edition (GMRT); 

Passage Comprehension (MacGinitie, MacGinitie, Maria, Dreyer, & Hughes, 2000). The 

Gates MacGinitie Passage Comprehension task is a norm referenced, untimed test of reading 

comprehension abilities. Eleven passages have 48 questions targeting inference making, 

summarization, main idea, literal questions, and vocabulary. Reliability exceeds .90 for 

students in this age range. Coefficient alpha within this sample was α = .91. The dependent 

measure was the total correct score across the 48 questions.  

Woodcock-Johnson III Tests of Academic Achievement; Calculations (WJ-III; 

Woodcock, McGrew, & Mather, 2001). The WJ-III Calculations task is a norm referenced, 

untimed test of math computations, with 45 items of increasing difficulty. Items are scored 

with a 1 if correct and 0 if incorrect. The completion of simple-to-complex math calculations 

is a commonly used measure of mathematical performance, as impaired performance on 

calculation measures are one of the main ways that children are currently identified as having 

a math-related learning disability. This subtest has a median reliability of .85 in the 5 to 19 

age range. The raw coefficient alpha was .82 for this sample. The specific dependent measure 

in this study will be the raw score derived from the total correct items within this subtest.  

Language Measures. Woodcock-Johnson III Tests of Academic Achievement; 

Letter-Word Identification (WJ-III; Woodcock, McGrew, & Mather, 2001). The WJ-III 

Letter-Word Identification task is a norm referenced untimed test of oral word reading where 

the participant is asked to read up to 76 increasingly difficult English-language letters and 
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words. This subtest has a median reliability of .91 in the 5 to 19 age range. The raw 

coefficient alpha was .91 for this sample.  The W (“ability”) score was the dependent 

variable.  

Woodcock-Johnson III Tests of Academic Achievement; Oral Comprehension (WJ-

III; Woodcock, McGrew, & Mather, 2001). The WJ-III Oral Comprehension task is a norm 

referenced untimed task of oral cloze procedure where participants are asked to provide one 

word to complete a passage. This subtest has a median reliability of .80 in the 5 to 19 age 

range. The coefficient alpha was .63 for this sample. The W (“ability”) score was the 

dependent variable.  

Comprehensive Test of Phonological Processing; Elision (CTOPP; Wagner, 

Torgesen, & Rashotte, 1999). The CTOPP Elision is norm references untimed task of 

increasingly difficult phonological segmentation. The participant is presented a word and is 

asked to repeat the word without saying a particular sound (e.g., a similar item would be, say 

the word “cat”; say the word “cat” without the /c/ sound; student responds “at”; (Wagner et 

al., 1999). This subtest has an average reliability range of .86 to .91 for this age range. The 

raw coefficient alpha was .91 for this sample. The calculated raw score will be used as the 

dependent variable for this task.  

Analyses 

Statistical analyses were conducted using SAS computer software. Descriptive 

statistics for each outcome and predictor measure are provided in Table 2.  

 To answer the question of Aim 1 and to determine the relation among behavioral 

rating scales and cognitive measures of EF and academic outcomes, zero-order Pearson 

correlations were examined. Four correlations evaluated the statistical significance of the 
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relation between both types of EF measures within each component EF process. Eight other 

correlations evaluated the statistical significance of the relation between cognitive measures 

of EF, separately for reading comprehension and mathematical calculations performance. 

Eight further correlations evaluated the statistical significance of the relation between 

behavioral rating measures of EF, separately for reading comprehension and mathematical 

calculations performance. Twenty eight additional correlations evaluated the statistical 

significance of the relation among cognitive measures of EF, among behavioral rating 

measures of EF and between cognitive and behavioral rating measures of EF.  Correlations 

were conducted both with and without age partialled. The critical value was set p < .05, 

despite the number of correlations, as the data is novel. I strove to balance Type I and Type II 

errors; in addition, correlations were only the first analyses step. 

To determine the inclusion of covariates in the models for Aim 2 and Aim 3, I first 

examined the relation between the potential covariate variables and the outcome measures. 

While the current literature provides variable support for the use of sex as a covariate 

(Boelema et al., 2014; Brocki & Bohlin, 2004), sex did not significantly correlate with either 

outcome variable and was, therefore, not included in further analyses. Although the age range 

in this study was relatively narrow, the inclusion of age as a covariate was also considered as 

previous studies have reported on the impact of a child’s age and level of schooling on their 

academic progress (Bisanz, Morrison, & Dunn, 1995; Crone & Whitehurst, 1999). The 

participant’s racial group was considered as a covariate as race has been linked to divergent 

teacher reports of classroom behavior (Downey & Pribesh, 2004) and identification in a 

minority group has been linked to lower socioeconomic status and poor academic outcomes 

(Kena et al., 2014; Sirin, 2005). The educational program of the participant was also a 
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potential covariate as children in different programs vary in their performance level 

academically (e.g., children in a special education program are likely to perform below the 

level of children in a gifted/talented program on reading and/or math measures). There is 

support in the literature for the inclusion of language variables, such as phonological 

awareness, oral comprehension and word decoding as predictors of performance for both 

reading comprehension and math calculations as the information presented to children 

involves more complex language as they progress through school (Hecht, Torgesen, Wagner, 

& Rashotte, 2001; Nation & Snowling, 2004).  

In this study, age, race, education status (special education and gifted/talented), and 

relevant language variables (oral comprehension, letter-word identification and phonological 

awareness) were all significantly related to both reading comprehension and math 

computations (with the exception of age for math) as defined through correlational and 

general linear model analyses (p < .05). Therefore, I considered these covariates in the Aim 2 

and Aim 3 hypotheses analyses. I examined models that considered all relevant covariates 

together and then trimmed those found to be noncontributory in the context of the group of 

covariates. For reading comprehension, unique contributing covariates used in later analyses 

were: age,  = -.25, p = .0008; oral comprehension,  = .310, p = .0001; phonological 

awareness,  = .353, p < .0001; special education status,  = -.126, p = .081; and 

gifted/talented status,  = .238, p =.0020. For math calculations, unique covariates were: 

phonological awareness,  = .336, p = .0001; special education status,  = -.208, p = .0112; 

and gifted/talented status,  = .406, p < .0001.  

Both Aims 2 and 3 used multiple linear regression models to determine the strength 

of both types of EF measures as predictors of academic performance. Five assumptions of 
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multiple regression analysis include: existence of random variables with finite means and 

standard deviations, independence, linearity, homoscedasticity, and normality (Kleinbaum & 

Kleinbaum, 2008). Assumptions were evaluated through regression diagnostic procedures on 

the current data. Outliers were first examined as they can have great influence on the fit of 

the regression model being examined (Kleinbaum & Kleinbaum, 2008). Two participants had 

observations greater than three standard deviations from the mean for the cognitive measures 

of inhibition and/or shifting. These variables were recoded to be within one standard 

deviation of the next highest value and the analyses proceeded from that point. To address 

the assumptions of linearity, homoscedasticity and independence residual scatter plots were 

analyzed. Scatter plot analysis, variance inflation factors and condition indices and 

proportion variances were conducted to examine the presence of collinearity (Kleinbaum & 

Kleinbaum, 2008). Distributions of the residuals of the regression equation were examined 

for both pattern and for influence; typically residual distributions were without pattern, and 

where influential observations to regression were identified (Cook’s distance > 4/n) their 

influence was further evaluated and noted below where relevant. Cook’s distance was chosen 

as it considers both the leverage of the observation and the studentized residual (Kleinbaum 

& Kleinbaum, 2008).  

To examine Aim 2 (relevance of both types of EF measures in predicting academic 

outcomes), I ran sixteen multiple regression models – eight without and eight with relevant 

covariates. Each model included one cognitive EF measure, and its behavioral rating 

counterpart. Half of the models had reading comprehension as the dependent variable, and 

the other half had mathematical calculations. I evaluated the statistical significance of the 

overall model, as well as total variance in the outcome variable (R
2
). For models with 
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covariates, an R
2
 change (R

2
∆) value (and accompanying F value) was calculated to 

determine the added predictive value of the two EF tasks over the covariates. I also report 

effect sizes for each predictor variable via the squared semi-partial correlation coefficient (sr) 

within each regression model, which represents the unique variance attributed to a particular 

predictor when the variance contributed by all other predictors is accounted for (Fritz, 

Morris, & Richler, 2012). 

For the question of the predictive utility of the four EF component processes for 

academic outcomes (Aim 3), further multiple regression models built off those examined for 

Aim 2. The model for each academic domain included significant EF measures from Aim 2 

as well as any relevant covariates, again with overall model and individual parameter effects 

delineated.  

Results 

Preliminary Results  

Descriptive statistics for the EF cognitive tasks, rating scales and academic outcomes 

are found in Table 2.  

Hypothesis 1: Both types of EF measures will have modest zero-order 

correlations with each other and academic outcome measures. Correlations among EF 

measures are presented in Table 3. Correlations between each EF cognitive and rating scale 

measures and partial-age correlations between each EF cognitive and rating scale measures 

are presented in Table 4. Within each EF domain, the cognitive and rating scale measures 

had low to moderate correlations with one another; only Inhibit (r = .25, p < .05) and Shift (r 

= .25, p < .05) domains had significant correlations. Each cognitive measure of EF correlated 

significantly with reading comprehension (range r = |.32 to .50|) and math (range r = |.40 to 
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.50|). Each rating scale measures of EF also correlated significantly with reading 

comprehension (range r = |.38 to .55|) and math (range r = |.29 to .42|).  

Hypothesis 2: Both behavioral and cognitive EF measures will uniquely account 

for variance in academic performance. The regression models for Hypothesis 2 are 

summarized in Tables 5 and 6. Regression models were run for each component EF process 

(e.g., shift as measured cognitively and with rating scales), separately for reading 

comprehension and math computations outcomes. As noted above, these models were also 

run with and without covariates.  

Reading Comprehension. For working memory (without covariates), both the 

BRIEF-T (p < .0001) and the WMTB-C Listening Recall (p < .0001) were unique predictors, 

together accounting for R
2 

= .50. Similarly for planning, both the BRIEF-T (p < .0001) and 

the Tower of London (p = .0019) were unique predictors, together accounting for R
2 

= .35. 

For inhibition, both the BRIEF-T (p = .0018) and DKEFS Color Word Interference Inhibition 

trial (p = .0070), together accounted for R
2 

= .21. Both of the shifting measures, the BRIEF-T 

(p < .0001) and the DKEFS Trail Making Task Letter-Number Switching trial (p = .0274) 

were unique predictors, together accounting for R
2 

= .28.  

As discussed above, the final covariates for reading comprehension were age, oral 

comprehension, phonological awareness, special education status and gifted and talented 

status. Together, these accounted for 60% of the variance for performance on the Gates 

MacGinitie Reading Comprehension measure. The final models for each of the four EF 

processes (working memory, planning, inhibition, and shifting) were all significant, p < 

.0001. The final working memory model accounted for 67% of the variance (R
2
 ∆ for adding 

the EF measures to the model with covariates alone = .07, p = .0003); with unique prediction 
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for both the cognitive measure (WMTB-C Listening Recall, p = 0.0333); and the rating scale 

(BRIEF-T Working Memory subscale. p = .0002). The final planning model accounted for 

65% of the variance (EF R
2
 ∆ = .05, p = .0063) and only the rating scale was a significant 

predictor (BRIEF-T Plan/Organize subscale, p = 0.0055). The final inhibition model 

accounted for 64% of the variance (EF R
2
 ∆ = .04, p = .01) and only the rating scale was a 

significant predictor (BRIEF-T Inhibit subscale, p = 0.0401). The final shifting model 

accounted for 64% of the variance (EF R
2
 ∆ = .04, p = .0095) and only the rating scale was a 

significant predictor (BRIEF-T Shift subscale, p = 0.0029).  

Math Calculations. For working memory (without covariates), both the BRIEF-T (p 

= .0002) and the WMTB-C Listening Recall (p < .0001) were unique predictors, together 

accounting for R
2 

= .35. Similarly for planning, both the BRIEF-T (p = .0005) and the Tower 

of London (p = .0005) were unique predictors, together accounting for R
2 

= .27. For 

inhibition, only the DKEFS Color Word Interference Inhibition trial (p < .0001) was a unique 

predictor (BRIEF-T inhibition, p = .0803), and together these accounted for R
2 

= .34. Both of 

the shifting measures, the BRIEF-T (p = .0077) and the DKEFS Trail Making Task Letter-

Number Switching trial (p < .0001) were unique predictors, together accounting for R
2 

= .31.  

As discussed above, the final covariates for math calculations were phonological 

awareness, special education status and gifted and talented status. Together, these accounted 

for 45% of the variance for performance on the WJ-III Math Calculations measure. The final 

models for each of the four EF processes (working memory, planning, inhibition, and 

shifting) were all significant at p < .0001. The final working memory model accounted for 

50% of the variance (R
2
 ∆ for adding the EF measures to the model with covariates alone = 

.05, p = .013), with unique prediction for both the cognitive measure (WMTB-C Listening 
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Recall, p = 0.0277) and the rating scale (BRIEF-T Working Memory subscale. p = .0433). 

The final planning model accounted for 50% of the variance (EF R
2
 ∆ = .05, p = .0206) and 

only the cognitive measure of planning (Tower of London, p = .0313) a unique predictor. 

Regression diagnostics revealed 8 observations with influential residuals and their removal 

produced a model with neither the rating scale (BRIEF-T Planning, p = .0546) nor the 

cognitive measure (Tower of London, p = .2185) of planning as a significant predictor (F5, 79 

= 18.43, p <.0001, R
2
 = .54). The final inhibition model accounted for 57% of the variance 

(EF R
2
 ∆ = .12, p = .0014) and only the cognitive measure of inhibition (DKEFS, Color 

Word Interference–Inhibition, p  < .0001) is a unique predictor. The final shifting model 

accounted for 53% of the variance (R
2
 ∆ = .08, p < .0001) and only performance on the 

cognitive measure of shifting (DKEFS, Trail Making Test – Number-Letter Switching, p = 

.0005) is a significant predictor. 

Hypothesis 3: Each EF component process will have a unique contribution to 

variance in academic performance. The regression models for Hypothesis 3 are 

summarized in Table 7. Initial models for these analyses were built by including all the 

significant predictors found in Aim 2 (with covariates). However, including multiple BRIEF-

T variables resulted in mutlicollinearity issues, and therefore if there were multiple BRIEF-T 

variables to be included only the BRIEF-T variable with the greatest zero-order correlation 

was chosen. In this case, only the model for Reading Comprehension had the potential to 

include multiple BRIEF-T variables, so the Working Memory variable was chosen for 

inclusion (r = .55).  

Reading Comprehension. The final model for reading comprehension included 

covariates of age, oral comprehension, phonological awareness, special education status, and 
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gifted and talented status along with EF predictors that included the rating scale of BRIEF-T 

Working Memory and the cognitive measure WMTB-C Listening Recall. This was the same 

model as the working memory model for Aim 2 (see above).  

Math Calculations. The final model for math calculations included covariates of 

phonological awareness, gifted and talented status, and special education status, along with 

the EF rating scale predictors of BRIEF-T Working Memory, and EF cognitive measures of 

WMTB-C Listening Comprehension, Tower of London, DKEFS Color-Word Interference 

Inhibition, and DKEFS Trail Making Test Number-Letter Switching. The overall model was 

significant with 61% of the variance being accounted for (R
2
 ∆ for adding the EF measures to 

the model with covariates alone = .16, p < .0001). However, the only uniquely contributing 

EF variable in this model was DKEFS Color-Word Interference Inhibition (p = .0024), along 

with the covariates of phonological awareness (p = .0454) and gifted and talented status (p = 

.0010). Regression diagnostics revealed 5 observations with influential residuals. Their 

removal produced an overall significant model (F8, 79 = 21.08, p <.0001, R
2
 = .68) with the 

cognitive measure of planning (Tower of London, p = .0202) as a significant predictor in 

addition to DKEFS Color-Word Interference Inhibition (p = .0008), phonological awareness 

(p = .0110) and gifted and talented status (p = .0001).   

Discussion 

The purpose of the present study was to better understand the interrelations between 

cognitive and behavioral ratings of EF and their joint relation to academic measures. The 

advantages of this particular study are the inclusion of both cognitive and behavioral 

measures of each of four model-based domains of EF (working memory, planning, 

inhibition, and, shifting; Anderson, 2008; Anderson, 2002; Miyake et al., 2000), and the 
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consideration of not only their interrelations, but also whether they differ in their prediction 

of important outcomes, namely academic functions. I considered these outcomes in the 

context of control variables, and in an unrestricted sample. 

For Aim 1, I found modest relations between cognitive and behavioral rating 

measures of EF within each of the four domains (range r = |.19 to .25|), see Table 3. I found 

moderate significant relations between all of the EF measures and reading comprehension 

and math performance across domain and measure type (range r = |.29 to .55|), see Table 3. 

For Aim 2, without covariates, each of the cognitive and behavioral rating measures of EF, 

within each of the four EF domains, were significant predictors of performance of both 

reading comprehension and math measures. For Aim 3, the predictor with the highest beta 

weight beyond language variables (oral comprehension, phonological awareness) and 

demographic variables (age, education program status) for reading comprehension was from 

the working memory domain. The best predictors of math calculations beyond phonological 

awareness and education program status were more diverse, from all four EF domains; 

however only the cognitive measure of inhibition was uniquely significant.  

Examining the interrelations between EF measures and with academic skills  

The first aim of the study was to examine how well rating scale and cognitive 

measures of EF relate to each other when reviewed on a 1:1 basis and how well each type of 

EF measure relates to academic skill. Unsurprisingly, each type of EF measure (cognitive 

and behavioral rating scale) was moderately related to both reading comprehension and math 

measures. However, consistent with the current literature (Toplak et al., 2013), the behavioral 

rating scales and cognitive measures of EF in this study had only modest relations with one 

other. Even when the two types of measures were “matched” on EF component processes, 
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only inhibition and shifting had significant correlations between measure types. Only one 

known previous study examined relations within the same four EF component processes 

though found slightly different results; Toplak and colleagues (2009) found significant 

relations in the domains of working memory (with parent and teacher reports) and inhibition 

(with teacher reports only), but no significant relations in the domains of planning or shifting. 

Toplak et al. (2009) included an older population (44 adolescents with a diagnosis of ADHD 

and 44 comparison controls) of only native English speaking backgrounds, and used different 

EF cognitive measures, and the correlational analyses did not separate ADHD participants 

and controls. Additionally, although academic measures were collected they were not 

examined as outcome measures (Toplak et al., 2009). The results of that study and the current 

one, taken together, generalize the finding that rating scales and cognitive measures of EF are 

only modestly related to each other, which allows for the use of both types of measures 

without concern of collecting redundant information.  

I hypothesized that a reason why previous studies found only modest relations 

between both types of EF measures was their use of overall composite scores for both 

behavioral rating scales and cognitive measures to represent separate but relatable processes 

(Miyake et al., 2000). Therefore, the comparison of component-specific measures on a 1:1 

basis would lead to stronger interrelations. As noted above, this was not the case. The four 

scales of the BRIEF-T showed high overlap and very strong relations to one other across 

domain (range r = .72 to .90), whereas the cognitive measures were separable and did not 

relate highly to one another across domain (range r = |.22 to .47|). Although the previously 

discussed Toplak study (Toplak et al., 2009) does not present the interrelations among the 

BRIEF (parent and teacher) measures, given the results of the current study, it is not 
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surprising that the authors found modest relations between rating scales and cognitive 

measures. It appears that the robust interrelations of the subscales of the BRIEF-T indicate 

that a composite of this measure (like the two developed by the test publishers) may provide 

similar information to the subscales as assessments of the daily influence of EF in children.  

The cognitive measures of EF did not relate very strongly to one other, and so likely 

represent more specific separable processes. On the one hand, this implies the potential for 

each to relate differentially to outcomes; on the other hand, clinicians and researchers should 

be wary of combining such scores into composites to represent “overall cognitive EF”. It is 

however true that the cognitive measures assessed here were chosen specifically to represent 

different EF domains (Anderson, 2002; Anderson, 2008; Miyake et al., 2000) and so future 

research is needed to determine the extent to which cognitive EF measures might be fruitfully 

combined within domain.  

The strong relation among the BRIEF-T subscales is suggestive of rater effects on 

scores obtained from EF rating scales. Rating scales are completed by a single person (e.g., 

teacher), who may have a global impression of the student, rather than specific knowledge to 

skills in each EF domain. Previous studies have found that behavioral ratings from 

informants from different situational settings (i.e., parents, teachers, mental health workers) 

have limited relations with each other (Achenbach, McConaughy, & Howell, 1987); although 

some have identified a predictive utility for both parent and teacher reports (Verhulst, Koot, 

& Ende, 1994). Researchers have also found an interaction between teacher and/or student 

race and ethnicity on teacher ratings (Zimmerman, Khoury, Vega, Gil, & Warheit, 1995), 

which may be particularly relevant considering the diverse population in the present study. 

The inclusion of parent data in this study may have allowed for greater specificity between 
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the subscales as parents may be more attuned to nuances in everyday behavior than other 

observers. However, the nuanced behavior of children specifically in relation to academics 

may be better suited to reports by teachers. Additionally, Toplak and colleagues (2009) 

included both parent and teacher ratings in their study and came to the same conclusion 

regarding the relation between rating scales and cognitive measures of EF, despite finding 

two significant relations with parent ratings and only one with teacher ratings. This rater 

effect is important to consider when examining the role of rating scales in cognition. 

What can be concluded about the relations among rating and cognitive measures of 

EF? It is unlikely that the measures are capturing completely overlapping information, given 

the present results and those of Toplak and colleagues (2009; 2013). It is also unlikely that 

rating and cognitive measures of EF are mutually exclusive and capture non-overlapping 

information; modest relations were identified here, and some other studies have identified 

stronger relations (Alloway et al., 2009; Shimoni et al., 2012). However, in the Shimoni et al. 

(2012) study, this was only true for the BRIEF (parent) Working Memory and Planning 

subscales, both in relation to a total score on the BADS-C. In the Alloway et al. (2009) study 

the authors only focused on the component process of working memory. Additionally, the 

rating scale was completed by a single reporter (one classroom teacher) to reduce the 

potential for error; however this also introduces the possibility of rater bias in their results. 

The most likely scenario is that both types of EF measures are capturing complementary 

perspectives of the same, or at least similar, construct. Cognitive measures may represent a 

child’s ability demonstrate EF skill at its maximum in a highly structured setting, whereas 

behavioral rating scale score may represent the observable behaviors associated with that EF 
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in everyday settings. Clarification of this relation may help in the understanding of a 

conceptual framework for the structure of EF skill. 

The utility of both EF measure types for predicting academic performance 

The second aim of the study was to examine whether behavioral rating scales and 

cognitive measures of EF uniquely predict academic performance. There was strong support 

for this hypothesis as both types of measures were predictive of academics in the context of 

one another.  

Consistent with previous literature, there was a significant relation between the 

cognitive measures of EF and reading comprehension performance, with working memory 

having the strongest predictive utility (Carretti et al., 2009; Chiappe et al., 2000; Sesma et al., 

2009; St Clair-Thompson & Gathercole, 2006). Few studies have examined the role of 

behavioral rating scales of EF in the prediction of academic performance, so a novelty of this 

study is that all four EF rating scales were significant predictors of reading comprehension. 

On a more general level, McAuley et al. (2010) found a relation between the BRIEF 

Metacognitive Index (parent report) and math and reading performance. There is some 

evidence that the BRIEF Working Memory subscale (parent report) in particular has been 

related to reading disorders and poor reading performance (Gioia, Isquith, Kenworthy, & 

Barton, 2002; Locascio et al., 2010), consistent with the findings of the present study. 

Knowing that both behavioral rating scales and cognitive measures have significant utility in 

the prediction of reading comprehension despite their modest interrelations may help inform 

the use of EF measures in a clinical evaluation. The choice of measures used in a clinical 

neuropsychological evaluation can often be limited due to time constraints. Whereas the 

present results would indicate that both behavioral rating scales and cognitive measures of 
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EF do not substitute for one another, they also suggest that each contribute uniquely to the 

prediction of reading comprehension.  

The inclusion of covariates in Aim 2 specifically related to language altered the 

contribution of both types of EF measures across component processes in predicting reading 

comprehension in this study. Both oral comprehension and phonological awareness were 

very strongly related to reading comprehension performance and accounted for a large 

portion of the variance on their own, demonstrating the significant influence of these skills 

on a child’s ability to understand what they are reading. Despite the strong influence of 

language skills in a child’s reading comprehension performance, the additional variance 

accounted for by the inclusion of both types of EF measures in the models was significant as 

indicated by the R
2
 change indices (range R

2
 = .04 to .12) for each model. The additional 

information contributed by both measures of EF demonstrates the influence of EF processes 

on the development of reading comprehension in middle childhood. The behavioral rating 

scale measures for all four EF component processes maintained significant predictive utility 

when language skills were taken into consideration. However, only the working memory 

cognitive measure maintained significance when language was considered. The variable 

significance of the cognitive measures may be more indicative of shared variance between 

the measures used to capture language and the cognitive measures of EF (i.e., the “task 

impurity problem”; Miyake et al., 2000) than a lack of utility for cognitive measures in 

predicting reading comprehension. The inclusion of EF rating scale measures may provide 

information about a child’s behavioral interaction with their environment that may influence 

their use of cognitive skills in the service of a goal directed task (e.g., if a child is observed to 
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have a short attention span, they may also experience challenges on longer reading tasks that 

require sustained attention).  

The Aim 2 results for math showed that both behavioral rating scales and cognitive 

measures of EF were predictive in the context of one another. The results of this study 

contribute to the understanding of the connection between cognitive measures of EF and 

mathematics in the current literature (Bull & Scerif, 2001; Friso-van den Bos et al., 2013; St 

Clair-Thompson & Gathercole, 2006). The role of EF in mathematics skills is less developed 

than the literature examining the role of EF in reading skills (Barnes et al., 2009), and has 

focused on cognitive measures of EF, particularly working memory. There is only limited 

use of behavioral rating scales, specifically of EF, for example, Mahone et al. (2002) found a 

relation between the composite scales (Metacognitive Index and Behavioral Regulation 

Index) and the working memory and inhibition subscales (parent report) on math 

performance. Though measures of behavioral inattention have been frequently associated 

with math performance (Finn, Pannozzo, & Voelkl, 1995; Raghubar et al., 2009), and 

therefore this is a novel contribution of the present study. Given that both types of EF 

measures displayed predictive utility in mathematical calculations skills, similar to reading 

comprehension, it is important to include both behavioral rating and cognitive measures of 

EF in future empirical and clinical studies of mathematic skills.  

As with reading comprehension, the role of EF measures in the prediction of 

mathematical calculations performance for Aim 2 were altered when relevant covariates are 

taken into consideration, though in a different way. Phonological awareness was the only 

language variable that was consistently and highly related to mathematical calculations. The 

strength of the relation between phonological awareness and mathematical calculations is 
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consistent with previous literature that has outlined the role of language skills (in particular 

phonological awareness) the development of mathematical skills (Alloway et al., 2005; 

Cirino, 2011; Martin, Cirino, Sharp, & Barnes, 2014). Additionally, the influence of 

language on mathematical calculations is likely indicative of the comorbidity of math and 

reading difficulties (Light & DeFries, 1995) and supports the role of language in the 

development of academic skills at a general level. Student educational status (gifted and 

talented, or in special education), also impacted mathematical performance. Although both 

phonological awareness and educational program status accounted for a significant amount 

of variance in the prediction model, the inclusion of the EF measures added additional 

predictive utility, as indicated by the significant R
2
 change for each model. In Aim 2, the 

cognitive measures of EF maintained significant predictive utility across EF component 

while only the working memory rating scale measure was significant when covariates were 

considered. Relative to the other EF domains, working memory was the only EF where both 

the rating scale and cognitive measure were significant predictors. However, cognitive 

measures of EF, particularly inhibition, are greater predictors of math calculations 

performance than are behavioral rating scales.  

From Aim 1, behavioral ratings and cognitive measures of all four EF processes 

(working memory, planning, inhibition, and shifting) were correlated with both reading 

comprehension and math outcomes. From Aim 2, models within EF component for both 

academic outcomes, all showed significant R
2
 additions over covariates. For reading 

comprehension, contributors to final Aim 2 models included the BRIEF-T working memory, 

planning, inhibition and shifting subscales, and the cognitive measure of working memory. 
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For math, the contributors were the BRIEF-T working memory scale, and the cognitive 

measures of working memory, planning, inhibition and shifting.  

The role of EFs in predicting reading comprehension and math performance 

The third and final aim of this study was to determine how well component EF 

processes contribute to academic skills, considering the results of the earlier aims. The 

findings differed from my original hypothesis that all four EF processes would be 

contributory in some way to the final model, with the effect size for working memory being 

qualitatively larger for both reading comprehension and math. For reading comprehension, 

while all four EF processes were predictive, the addition of relevant covariates changed the 

role of each EF and the final model only included the measures of working memory. This 

study adds additional support for the strength of working memory in the prediction of reading 

comprehension to the current literature, previously identified with both cognitive measures 

(Carretti et al., 2009) and behavioral rating scales (Gioia et al., 2002). While it is clear that 

working memory is a key predictor of reading comprehension, it is important to note that the 

role of planning, inhibition and shifting are not well defined in this aim given that all four of 

the BRIEF-T subscales remained significant in the Aim 2 models and that the working 

memory subscale was chosen for inclusion in the final Aim 3 model due to multicolinearity 

issues. Further examination would allow researchers to better understand the role of these 

additional EF processes in the examination of reading comprehension.  

For mathematical calculations, the current study adds additional support to the 

literature for the role of all four component processes in the development of mathematical 

calculation skill. The results from previous studies have shown mixed results (Bull & Scerif, 

2001; Espy et al., 2004; Sikora et al., 2002; St Clair-Thompson & Gathercole, 2006; Van der 
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Ven et al., 2012; Yeniad et al., 2013). While the cognitive measure of inhibition was the 

strongest predictor of mathematical calculations, the addition of all four EF processes 

accounted for a large portion of shared variance. Furthermore, the measure of planning also 

showed unique significance when influential observations were excluded. Given that the 

cognitive measures in this study had modest interrelations, the shared variance likely does 

not come from the measures capturing the same cognitive ability, but from overlapping 

variance in their prediction of mathematical calculations. The academic process of 

mathematical calculations appears to involve all four EF processes (working memory, 

planning, inhibition, and shifting), with inhibition being a particularly strong predictor of 

performance.      

Limitations 

While this study aimed to examine the role of EF measures in a “typical” sample, 

participants here had relatively high BRIEF-T scores (see Table 2), indicating that the sample 

may differ from others reported in the literature. This difficulty is mitigated to the extent that 

the relations identified between EF measures were commensurate with findings from 

previous studies. Other limitations of the study include the strong correlations between 

BRIEF-T subscales making interpretations between them difficult. In Aim 3, only a single 

rating scale and respondent was used. If separable rating scales (either by reporter, or scale 

composition) had been utilized, perhaps results would have been different, and future studies 

may separate out these methodological characteristics. Although both cognitive and 

behavioral approaches have limitations (e.g., overt structure for cognitive, Salthouse et al., 

2003; response bias for ratings, Isquith et al., 2013), using both together demonstrated their 

complementary contribution. Finally, because different investigators use a variety of 
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individual EF measures, results here may have been different had different cognitive 

measures been utilized. I attempted to ameliorate this issue by choosing methods from 

theoretically motivated models.  

The reliabilities for the cognitive measures of EF were lower than the reliabilities for 

the behavioral rating scales and cognitive measures of academics both within this sample and 

based on the normative development of the measures.  Given that the aim of an assessment of 

EF is to capture goal-directed behavior in a novel situation, low test-retest reliability for 

cognitive measures of EF is expected and has been theorized to be a product of the loss of 

novelty and differential utilization of strategies at the second assessment (Denckla, 1996; 

Rabbit, 1997). Additionally, it has been argued that a comparison of tasks with low 

reliabilities will produce a low correlation that likely reflects the nature of the internal 

inconsistences of the measures (Miyake et al., 2000). Thus the poor relations among the 

cognitive measures of EF in this sample may be indicative of the lower reliabilities of these 

measures. Latent variables or other means may have produced more generalizable results for 

the cognitive measures of EF. Clearly, however, more work is needed regarding the structure 

of EF, to better identify what may represent “gold standards” for EF measurement.  

Conclusion 

This study examined the interrelations between behavioral rating scales and cognitive 

measures of EF within four component processes (working memory, planning, inhibition, 

shifting). Both behavioral rating scales and cognitive measures of EF were important in 

predicting both reading comprehension and math outcomes, even when strong covariates 

were considered. These relations manifest to different extents for both reading 

comprehension and math. The component process of working memory and the behavioral 
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rating scales were more strongly related to reading comprehension and the component 

process of shifting and cognitive measures were more strongly related to mathematical 

calculations. Both types of measures within and across EF domains can be used in a 

complementary and advantageous fashion to inform academic achievement.   
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Table 1. Demographic Characteristics  

Variable  Category/Scale  (n = 93) 

Age  Years Mean (SD) 10.91 (0.72) 

Grade 4
th

 (%) 58.06% 

Gender Female (%) 55.91% 

Ethnicity African American 

Hispanic 

Other 

38.71% 

51.61% 

9.68% 

Education Program Special Education 

Gifted and Talented 

5.38% 

8.60% 
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Table 2. Descriptive Statistics for Predictor and Outcome Variables 

Variable  Category/Scale n Mean  SD Skewness Kurtosis 

Covariates       

WJ-III Oral Comprehension        

W Score ~430 – 550 93 496.64 15.02 -0.21 -0.50 

T Score  93 94.80 14.19 -0.30 -0.11 

CTOPP Elision        

Raw Score 0 – 20 93 13.08 4.81 -0.24 -1.38 

Scaled Score  93 8.43 3.11 0.04 -1.12 

Behavioral Rating Scales      

BRIEF-T Working Memory       

Raw Score 1 – 3 93 17.50 6.13 0.36 -0.94 

T Score  93 65.08 17.13 0.26 -1.03 

BRIEF-T Plan/Organize       

Raw Score 1 – 3 93 18.22 6.13 0.18 -1.12 

T Score  93 63.95 15.52 0.16 -1.09 

BRIEF-T Inhibit       

Raw Score 1 – 3 93 16.20 6.28 0.73 -0.66 

T Score  93 63.39 20.18 1.05 0.23 

BRIEF-T Shift       

Raw Score 1 – 3 93 15.71 5.63 0.87 0.14 

T Score  93 63.44 18.61 0.93 0.54 

Cognitive Measures       

WMBT-C Listening Recall       

Total Raw Score 0 – 36 93 13.46 3.99 0.36 0.94 

Standard Score  93 101.71 19.80 -0.23 -0.25 

Tower of London       

Total Raw Score 0 – 26 93 17.30 3.48 -0.78 1.54 

DKEFS CWIT Inhibition       

Total Time 0 – 180 93 69.07 19.98 0.68 0.28 

Scaled Score  93 10.72 2.70 -0.76 0.32 

DKEFS TMT Number-

Letter Switching 

      

Total Time 0 – 240 93 143.7 55.14 0.30 -0.98 

Scaled Score  93 7.29 4.08 -0.22 -1.14 

Outcome Measures       

Gates-MacGinitie Reading 

Comprehension 

      

Raw Score 0 – 48 93 27.34 10.01 0.04 -1.17 

Standard Score  93 96.26 12.90 0.11 -0.12 

WJ-III Math Calculations       

Raw Score 0 – 45 93 20.59 3.78 -0.07 0.44 

Standard Score  93 106.01 12.79 -0.15 -0.29 
Note. n = number of participants; SD = standard deviation; WJ-III = Woodcock-Johnson III; CTOPP = 

Comprehensive Test of Phonological Processing; BRIEF-T = Behavior Rating Inventory of Executive Function, 

Teacher Form; WMBT-C = Working Memory Test Battery for Children; DKEFS = Delis-Kaplan Executive 

Function System; CWIT = Color Word Interference Test; TMT = Trail Making Test 
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Table 3. Correlations between Executive Function Measures and Academic Outcomes 

 

Cognitive Measures 

Math Reading  WM Plan Inhibit Shift 

Behavioral Rating 

Scales 

WM -0.20    -0.42** -0.55** 

Plan  -0.19   -0.40** 0.52** 

Inhibit   0.25*  -0.29* -0.38* 

Shift    0.25* -0.36* -0.49** 

Math 0.49** 0.40** 

-

0.57** 

-

0.50**  0.55** 

Reading 0.55** 0.37* -0.35* -0.32*   
Note. *p < .05, **p < .001; WM = Working Memory 
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Table 4. Correlations between Cognitive and Behavioral Rating Scale Executive Function 

Measures  

  Behavioral Rating Scales Cognitive Measures 

  WM Plan Inhibit Shift WM Plan Inhibit Shift 

Behavioral 

Rating 

Scales 

WM 1 0.91** 0.76** 0.72** -0.20 -0.24* 0.40** 0.31* 

Plan 0.90** 1 0.74** 0.76** -0.12 -0.18 0.32* 0.24* 

Inhibit 0.76** 0.73** 1 0.84** -0.04 -0.24* 0.25* 0.19 

Shift 0.72** 0.76** 0.84** 1 -0.08 -0.23* 0.30* 0.25* 

Cognitive 

Measures 

WM -0.20 -0.13 -0.04 -0.08 1 0.24* -0.37* -0.36* 

Plan -0.25* -0.19 -0.24* -0.23* 0.24* 1 -0.25* -0.22* 

Inhibit 0.38* 0.30* 0.25* 0.29* -0.37* -0.25* 1 0.48** 

Shift 0.32* 0.24* 0.19 0.25* -0.36* -0.22* 0.47** 1 
Note. Bottom left = Pearson correlations, Top right = Partial age correlations; *p < .05, **p < .001; WM = 

Working Memory 
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Table 5. Regression Statistics for Each EF Domain and Reading Comprehension 

Predictor  b SE(b) β t  p sr 

Covariate Model       

Intercept -47.821 29.798 0.000 -1.600 0.1122 . 

Age -3.418 0.982 -0.246 -3.480 0.0008 0.055 

WJ-III Oral Comp 0.207 0.052 0.310 4.000 0.0001 0.073 

CTOPP Elision 0.726 0.155 0.352 4.690 <.0001 0.101 

Special Education -5.539 3.137 -0.126 -1.770 0.0810 0.014 

Gifted/Talented 8.451 2.650 0.238 3.190 0.0020 0.047 

Total Model R
2
 = 0.602, F (5, 87) = 26.31, (p < .0001) 

 

Working Memory  

Intercept 5.756 31.440 0.000 0.180 0.8552 . 

Age -3.427 0.909 -0.246 -3.770 0.0003 0.055 

WJ-III Oral Comp 0.107 0.057 0.161 1.880 0.0636 0.014 

CTOPP Elision 0.522 0.152 0.253 3.450 0.0009 0.046 

Special Education -3.775 2.939 -0.086 -1.280 0.2025 0.006 

Gifted/Talented 5.958 2.556 0.168 2.330 0.0221 0.021 

BRIEF-T WM -0.450 0.117 -0.275 -3.840 0.0002 0.057 

WMTB-C 0.472 0.218 0.188 2.160 0.0333 0.018 

Total Model R
2
 = 0.670, F (7, 85) = 24.65,  (p < .0001)  

R
2
 ∆= 0.0681, F(7, 85) = 8.77, (p = .0003)  

 

Planning  

Intercept -38.225 28.790 0.000 -1.330 0.1878 . 

Age -2.990 0.946 -0.215 -3.160 0.0022 0.042 

WJ-III Oral Comp 0.184 0.050 0.276 3.700 0.0004 0.057 

CTOPP Elision 0.561 0.157 0.272 3.590 0.0006 0.053 

Special Education -3.576 3.052 -0.081 -1.170 0.2447 0.006 

Gifted/Talented 7.213 2.559 0.203 2.820 0.0060 0.033 

BRIEF-T Plan/Organize -0.342 0.120 -0.209 -2.850 0.0055 0.034 

TOL 0.310 0.200 0.108 1.550 0.1247 0.010 

Total Model R
2
 = 0.647, F (7, 85) = 22.23, (p < .0001)  

R
2
 ∆= 0.0448, F(7, 85) = 5.39, (p = .0063)  

 

Inhibition  

Intercept -32.499 29.011 0.000 -1.120 0.2658 . 

Age -3.637 0.947 -0.262 -3.840 0.0002 0.062 

WJ-III Oral Comp 0.203 0.049 0.304 4.100 <.0001 0.071 

CTOPP Elision 0.590 0.155 0.286 3.810 0.0003 0.061 

Special Education -4.357 3.030 -0.099 -1.440 0.1541 0.009 

Gifted/Talented 6.957 2.605 0.196 2.670 0.0091 0.030 

BRIEF-T Inhibit -0.233 0.112 -0.146 -2.080 0.0401 0.018 

DKEFS CWIT -0.070 0.036 -0.140 -1.970 0.0524 0.016 

Total Model R
2
 = 0.643 F (7, 85) = 21.85, (p < .0001)  

R
2
 ∆= 0.0413, F(7, 85) = 4.87, (p = .01)  

 

Shifting   
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Intercept -38.176 28.894 0.000 -1.320 0.1900 . 

Age -3.328 0.941 -0.239 -3.540 0.0007 0.052 

WJ-III Oral Comp 0.205 0.049 0.308 4.140 <.0001 0.072 

CTOPP Elision 0.512 0.166 0.248 3.090 0.0027 0.040 

Special Education -3.735 3.065 -0.085 -1.220 0.2263 0.006 

Gifted/Talented 8.023 2.554 0.226 3.140 0.0023 0.041 

BRIEF-T Shift -0.408 0.133 -0.230 -3.070 0.0029 0.040 

DKEFS TMT -0.005 0.013 -0.028 -0.390 0.6956 0.001 

Total Model R
2
 = 0.643, F (7, 85) = 21.89, (p < .0001)  

R
2
 ∆= 0.0409, F(7, 85) = 4.92, (p = .0095)  

Note. b = Parameter Estimate; SE(b) = Standard Error of Parameter Estimate; β =Standardized Estimate; sr
2
 = 

Squared Semi-Partial Correlation; WJ-III Oral Comp = Woodcock-Johnson-III Oral Comprehension; CTOPP = 

Comprehensive Test of Phonological Processing; BRIEF-T = Behavior Rating Inventory of Executive Function, 

Teacher Form; WM = Working Memory; WMBT-C = Working Memory Test Battery for Children; TOL = 

Tower of London; DKEFS = Delis-Kaplan Executive Function System; CWIT = Color Word Interference Test; 

TMT = Trail Making Test. R
2
 ∆ accounts for the addition of EF variables as a whole to the model with 

covariates alone. 
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Table 6. Regression Statistics for Each EF Domain and Math Calculations 

Predictor  b SE(b) β t p sr 

Covariates 

Intercept 16.905 0.898 0.000 18.820 <.0001 . 

CTOPP Elision 0.262 0.066 0.336 3.970 0.0001 0.097 

Special Education -3.462 1.336 -0.208 -2.590 0.0112 0.041 

Gifted/Talented 5.441 1.118 0.405 4.870 <.0001 0.146 

Total Model R
2
 = 0.451, F (3, 89) = 24.40, (p < .0001) 

 

Working Memory  

Intercept 17.365 1.657 0.000 10.480 <.0001 . 

CTOPP Elision 0.179 0.069 0.229 2.580 0.0116 0.038 

Special Education -2.656 1.321 -0.159 -2.010 0.0475 0.023 

Gifted/Talented 4.212 1.159 0.314 3.630 0.0005 0.075 

BRIEF-T WM -0.106 0.052 -0.172 -2.050 0.0433 0.024 

WMTB-C 0.189 0.085 0.199 2.240 0.0277 0.029 

Total Model R
2
 = 0.503, F (5, 87) = 17.64, (p <.0001) 

R
2
 ∆= 0.0521, F(5, 87) = 4.57, (p = .013) 

 

Planning  

Intercept 16.144 2.005 0.000 8.050 <.0001 . 

CTOPP Elision 0.190 0.069 0.243 2.750 0.0072 0.044 

Special Education -2.780 1.325 -0.167 -2.100 0.0387 0.025 

Gifted/Talented 4.881 1.099 0.364 4.440 <.0001 0.114 

BRIEF-T Plan/Organize -0.090 0.052 -0.146 -1.730 0.0864 0.017 

TOL 0.194 0.089 0.179 2.190 0.0313 0.028 

Total Model R
2
 = 0.498, F (5, 87) = 17.27, (p <.0001) 

R
2
 ∆= 0.0468, F(5, 87) = 4.06, (p = .0206) 

 

Inhibition  

Intercept 23.414 1.689 0.000 13.860 <.0001 . 

CTOPP Elision 0.207 0.062 0.266 3.350 0.0012 0.056 

Special Education -2.829 1.208 -0.170 -2.340 0.0215 0.027 

Gifted/Talented 4.211 1.032 0.314 4.080 <.0001 0.082 

BRIEF-T Inhibit -0.016 0.046 -0.026 -0.350 0.7306 0.001 

DKEFS CWIT -0.069 0.015 -0.366 -4.770 <.0001 0.113 

Total Model R
2
 = 0.570, F (5, 87) = 23.04, (p <.0001) 

R
2
 ∆= 0.1185, F(5, 87) = 7.13, (p = .0014) 

 

Shifting  

Intercept 21.748 1.779 0.000 12.220 <.0001 . 

CTOPP Elision 0.169 0.070 0.217 2.410 0.0180 0.031 

Special Education -2.747 1.280 -0.165 -2.150 0.0347 0.025 

Gifted/Talented 4.941 1.056 0.368 4.680 <.0001 0.119 

BRIEF-T Shift -0.049 0.057 -0.073 -0.860 0.3932 0.004 
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DKEFS TMT -0.020 0.006 -0.290 -3.600 0.0005 0.070 

Total Model R
2
 = 0.529, F (5, 87) = 19.50, (p <.0001) 

R
2
 ∆= 0.0772, F(5, 87) = 11.98, (p < .0001) 

Note. See Table 5 for abbreviation descriptions. R
2
 ∆ accounts for the addition of EF variables as a whole to the 

model with covariates alone. 
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Table 7. Regression Statistics for Model with Combined EF Measures and Reading 

Comprehension and Math Calculations 

Predictor  b SE(b) β t p sr 

Reading Comprehension 

Intercept 5.756 31.440 0 0.180 0.8552 . 

Age -3.427 0.909 -0.246 -3.770 0.0003 0.055 

WJ-III Oral Comp 0.107 0.057 0.161 1.880 0.0636 0.014 

CTOPP Elision 0.522 0.152 0.253 3.450 0.0009 0.046 

Special Education -3.775 2.939 -0.086 -1.280 0.2025 0.006 

Gifted/Talented 5.958 2.556 0.168 2.330 0.0221 0.021 

BRIEF-T WM -0.450 0.117 -0.275 -3.840 0.0002 0.057 

WMTB-C 0.472 0.218 0.188 2.160 0.0333 0.018 

Total Model R
2
 = 0.670, F (7, 85) = 24.65, (p < .0001) 

R
2
 ∆= 0.0681, F(7, 85) = 8.77, (p = .0003) 

 

Math Calculations 

Intercept 21.212 2.430 0 8.730 <.0001 . 

CTOPP Elision 0.131 0.064 0.168 2.030 0.0454 0.019 

Special Education -2.346 1.190 -0.141 -1.970 0.0520 0.018 

Gifted/Talented 3.583 1.054 0.267 3.400 0.0010 0.053 

BRIEF-T WM -0.035 0.049 -0.056 -0.700 0.4834 0.002 

WMTB-C 0.087 0.079 0.092 1.100 0.2735 0.006 

TOL 0.134 0.080 0.124 1.670 0.0982 0.013 

DKEFS CWIT -0.049 0.016 -0.260 -3.130 0.0024 0.045 

DKEFS TMT -0.010 0.006 -0.153 -1.870 0.0652 0.016 

Total Model R
2
 = 0.6127, F (8, 84) = 16.61, (p <.0001) 

R
2
 ∆= .1617, F(8,84) = 7.00, (p < .0001) 

Note. See Table 5 for abbreviation descriptions. R
2
 ∆ accounts for the addition of EF variables as a whole to the 

model with covariates alone. 

 

 

 

 


