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Abstract

Background

Executive functioning (EF) is a strong predictor of children’s and adolescents’ academic perfor-

mance. Although research indicates that EF can increase during childhood and adolescence, 

few studies have tracked the efect of EF on academic performance throughout the middle 

school grades.

Method

 EF was measured at the end of grades 6 – 9 through 21 teachers’ and 22 teacher assistants’ 

assessments of 322 adolescents from disadvantaged backgrounds who atended an urban, char-

tered middle/high school. Assessment of EF was done through the completion of the Behavior 

Rating Inventory of Executive Function (BRIEF).

Results

BRIEF global executive composite scores (GEC) predicted both current and future English/lan-

guage arts, mathematics, science, social studies, and Spanish annual grade point averages 

(GPAs). Te efect of BRIEF GEC scores ofen overshadowed the efects of gender, poverty, and 

having an Individual Education Plan; the other, non-BRIEF-related efects retained slightly 

more impact among teacher assistant-derived data than teacher-derived data. Te strong rela-

tionships between BRIEF GEC scores and these GPAs also remained constant over these four 

years: Tere was litle evidence that EF changed over the measured grades or that the relation-

ship between EF and grades itself regularly changed.

Discussion

Te fndings indicate that EF scores during early middle grades can well predict academic per-

formance in subsequent secondary-school grades. Although methodological constraints may 

have impeded the abilities of other factors (viz., poverty) to be signifcantly related to GPAs, the
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efects of EF were strong and robust enough to prompt us to recommend its use to guide long-

term, academic interventions.

Khey words: Executive functioning, academic achievement, Individual Education Plans 

(IEPs), middle school, longitudinal research
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Executive Functioning Predicts Academic Achievement in Middle School:

A 4-Year Longitudinal Study

Executive functioning (EF) is defnable as a set of control processes that allow individu-

als to manage and direct their atention, thoughts, and actions to meet adaptive goals (Best & 

Miller, 2010; Blair & Raver, 2012; Diamond & Lee, 2011). Individual diferences in EF have been 

found to have consistent and substantial implications in everyday life (e.g., Monete, Bigras, & 

Guay, 2011), including in school. Students are expected to perform many, complex, cognitive 

activities and to exhibit frequent, overt, goal-directed behaviors such as concentrating on a 

task, atending to a teacher, following rules, and suppressing counter-productive impulses; 

when students are successful in these tasks, they are considered to be exhibiting high EF 

(Anderson, 2002; Blair, 2002; Blair & Razza, 2007; Diamond & Lee, 2011; Isquith, Gioia, & Espy, 

2004). Although some researchers believe that EF represents a unifying latent psychological 

construct, most researchers agree that efective EF entails the coordination of several compo-

nent skills (Garon, Bryson, & Smith, 2008; Kimberg, D’Esposito, & Farah, 1997) such as working

memory, inhibitory control, and atentional set shifing (Brocki & Bohlin, 1999; Huizinga, 

Dolan, & van der Molan, 2006; Miyake et al., 2000; Pennington, 1998; Pennington & Ozonhoff, 

1996; van der Sluis, de Jong, & van der Leij, 2007; Welsh, 1991); some (e.g., Baughman & 

Cooper, 2007; Miyake et al., 2000) have also added complex planning and metacognitive tasks 

to what comprise EF. Indeed, Roebers, Cimeli, Rothlisberger and Neuenschwander (2012) exam-

ined EF and metacognition through separate tasks and found that EF was signifcantly related 

to metacognitive control, both cross-sectionally and longitudinally.

Of course, the identifcation of early, modifable predictors of achievement—as well as 

the identifcation of processes underlying individual variation in performance that are distinct 

from other known factors, such as psychometric intelligence (or IQ)—can help guide eforts to 
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improve the long-term success of many children and adolescents (Ginsburg, 1997; Rourke & 

Conway, 1997). Such identifcation is particularly relevant for improving the success of educa-

tional strategies aimed at assisting children who struggle academically (Rack, Snowling, & 

Olson, 1992; Savage, Pillay, & Melidona, 2007). We believe that EF may be such a predictor.

EF and Academic Achievement

EF contributes to children’s abilities to learn (Bull, Johnson, & Roy, 1999; Bull & Scerif, 

2001; Duncan et al. 2007; Lehto, 1996; Lorsbach, Wilson, & Reimer, 1996; McLean & Hitch, 1999;

Russell, Jarrold, & Henry, 1996; Swanson, 1993, 1999; Swanson, Ashbaker, & Lee, 1996) and to 

succeed in school (Blair, 2002; Blair & Razza, 2007; Diamond & Lee, 202011). Studies continue to 

provide evidence that EF is associated with various aspects of academic success among both 

children (e.g., Checa & Rueda, 2011; Clark, Prior, & Kinsella, 2002; Hughes & Ensor, 2011; Lan 

et al., 2011; Masten et al., 2012) and adolescents (e.g., Bierman et al., 2009; Kotsopoulos & Lee, 

2012; Latzman, Elkovitch, Young, & Clark, 2010; Waber et al., 2006). Although direct efects 

seem to be especially strong for mathematics (Bull, Espy, Wiebe, Shefeld, & Nelson, 2011; van 

der Ven, Kroesbergen, Boom, & Leseman, 2012; Lee, Ng, & Ng, 2009), they have also been found

to be substantially related to reading, writing, and science achievement (e.g., Monete et al., 

2011; St. Clair-Tompson & Gathercole, 2006).

EF and IQ

Related to efortful-control (Liew, 2012), working memory (Lehto, Juujarvi, Kooistra, & 

Pulkkinen, 2003), and self-regulated learning (Garner, 2009), EF is at least partially independent

from intelligence. It fosters academic success beyond that accounted for by IQ (Bucker, Mezza-

cappa, Elkovitch, Young, & Clark, 2010), and studies have suggested that EF shows a distinct 

association with concurrent mathematics performance beyond that made by measures of chil-

dren’s general cognitive abilities (Bull & Scerif, 2001; Espy et al., 2004; St. Clair- Tompson & 
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Gathercole, 2006). Clark, Prichard, and Woodward (2010), for example, found that diferent 

measures of EF (including the Stroop task, Wisconsin Naming Task, and counting span) each 

predict unique aspects of the variance in mathematical ability beyond that accounted for by IQ 

or reading achievement. Clark, Prichard, and Woodward also predicted early mathematics 

achievement of six year old children based on the children’s EFs when they were four years 

old: Even when general IQ and concurrent reading achievement were accounted for, EF contin-

ued to show a unique relationship with later performance on the Woodcock-Johnson Math 

Fluency subtest. In addition, Blair (2006), Garon et al. (2008), and Miyake et al. (2000) provided 

evidence of discriminant validity of EF and IQ tests in adolescents and adults; Masten et al. 

(2012) studied a sample of preschoolers and reported that a confrmatory factor analysis sup-

ported the construct validity of their EF batery as distinct from the general factor in IQ tests. 

Masten et al. also found that older children and children with higher IQ scores tended to have 

higher EF scores and that higher levels of EF predicted school adjustment independent of IQ.

EF and Individualized Education Plans

EF has been found to be related to many of the conditions that commonly lead to the 

creation of an Individual Educational Plan (IEP), which prescribes specifc, additional, academic

support(s) based on a professional diagnosis. Alloway, Gathercole, Adams, and Willis (2005), 

for example, found lower levels of EF among older children with disabilities than those without

disabilities. Similarly, Semrud-Clikeman, Fine, and Bledsoe (2013) found that children with non-

verbal learning disorders or Asperger's Syndrome demonstrated greater EF-related cognitive 

defcits compared to matched controls, although which areas were defcient depended on the 

diagnosis, not all areas were defcient, and EF defcits covaried with IQ. Afer factoring out fne 

motor skills that may confound performance on EF tasks, Hartman, Houwen, Scherder, and 

Visscher (2010) still found that older children with Intellectual Disabilities had lower EFs than 
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matched controls. Controlling for IQ, Diamantopoulou, Rydell, Torell, and Bohlin (2007) found

that EF and Atention-Defcit/Hyperactivity Disorder (ADHD) independently predicted aca-

demic performance about one year later, but they also found that ADHD and EF were related 

and that they interacted with special education status: Children with both high levels of ADHD

and low levels of EF were most likely to receive special educational supports. Jansen, De Lange,

and Van der Molen (2013) reported that adolescents with mild to borderline Intellectual Dis-

abilities demonstrated depressed EF; lower EFs were also related to poorer performances in 

math. Afer a fve-week intervention, many of the adolescents’ math performance improved, 

but their EFs did not.

As well as fostering school readiness, EF plays an important role in cognitive and social 

development throughout childhood (Cartwright, 2012; Dilworth-Bart, 2012; Hostinar, Stellern, 

Schaefer, Carlson, & Gunnar, 2012), and EF is found to be related to at least some non-cognitive

challenges that may lead to students being given extra support through an IEP. For example, 

Hintermair (2013) found that children who are deaf or hard-of-hearing tended to display lower 

levels of EF as measured by a version of the BRIEF (described in the Methods section, below) 

than controls displayed; these defcits were less marked among children in inclusive setings 

than in schools for deaf children, but in both setings predicted communicative competence 

and a range of behavioral problems including hyperactivity, conduct problems, and even proso-

ciality. Finally, Schuchardt, Bockmann, Bornemann, and Maehler (2013) reported lower EF and 

working memory among children with Dyslexia and among children with serious defcits in 

language production and/or reception.

Te Development of EF over Time

EF is observable and measurable early in human development and continues to increase

into adolescence (Best & Miller, 2010). Pronounced EF improvements in early childhood are 
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observed with respect to the accuracy of performance, likely refecting children’s growing abil-

ity to consciously select among diferent responses (including the ability to inhibit a prepotent 

response) by reasoning about available options and by switching between task demands while 

updating the tasks’ goals and specifcs. Further improvement in EF performance is generally 

observed as children advance through elementary school; these gains tend to be mirrored by 

the emergence of a speed-accuracy trade-of that corresponds to children’s growing awareness 

of a discrepancy between task demands, on the one hand, and their own performance, on the 

other. Children become increasingly capable of integrating diferent mental representations 

(e.g., with respect to changing rules) allowing a more accurate awareness of their performance 

as well as increasingly fexible adjustments of responses (Lyons & Zelazo, 2011). In fact, Fried-

man, Miyake, Robinson, and Hewit (2011) examined the developmental trajectories in 

toddlers’ self-restraint and found that individual diferences predict their EF 14 years later.

In the present study, the EF of students throughout middle school and into the ninth 

grade was measured. Tere is evidence that EF develops rapidly in the preschool years (Zelazo 

& Bauer, 2013) but increases more slowly during adolescence (Best & Miller, 2010; Davidson, 

Amso, Anderson, & Diamond, 2006; Huizinga, Dolan, & van der Molen, 2006; Huizinga & van 

der Molen, 2007; Luciana, Conklin, Hooper, & Yarger, 2005; Romine & Reynolds, 2005; Somsen, 

2007). For example, investigating a large sample of 2,036 children aged 5 to 17 years, Best, 

Miller, and Naglieri (2011) found that performance on EF-related tasks improved at least until 

age 15, although improvements in the later years were less pronounced. Terefore EF—and its 

relationship to academic success—may continue to change signifcantly throughout the middle 

school grades, although deleterious factors such as Autism Spectrum Disorder (Rosenthal et al.,

2013), early life trauma (Hostinar et al., 2012), poverty, adversity, toxins, and neglect (Blair & 
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Raver, 2012; Shonkof, 2011) may impede its growth while enrichment may encourage it (Davis 

et al., 2011; Diamond & Lee, 2011).

Assessment of EF

Tere are two ways by which EF is assessed: performance-based tests and rating scales. 

Historically, the assessment of EF in clinical and research setings relied on the former, the con-

struct-related validity of which is backed by a substantial body of research (e.g., Anderson, 

Anderson, Jacobs, & Spencer-Smith, 2008). However, a number of authors have argued that 

performance-based measures have limited ecological-related validity—that is, there is litle rela-

tionship between a neuropsychological test and the participant’s behavior in real-world 

setings (Isquith, Roth, & Gioia, 2013; Sbordone, 1996). In addition, several researchers have 

argued that rating scales, by their very nature, capture well observations of every-day, real-

world behaviors (Gioia & Isquith, 2004; Silver, 2000).

In the present study, one of the existing rating scales, the Behavior Rating Inventory of 

Executive Function (BRIEF, Gioia, Andrews, Epsy, & Isquith, 2003) was chosen to investigate 

the relationship of EF with academic achievement. Te validity of the BRIEF has been well sup-

ported, and it has been used in several studies. Waber et al. (2006), for example, examined 

relationships between ratings of EF and academic performance and found that teacher ratings 

on the BRIEF were the best predictors of performance on statewide academic testing relative to

other EF performance measures or broadband rating scales. Other researchers have also 

reported associations between BRIEF scores and both reading (Locascio, Mahone, Eason, & 

Cuting, 2010) and mathematics skills (Clark, Pritchard, & Woodward, 2010).

Te Present Study

Most existing studies have employed cross-sectional, rather than longitudinal, research 

designs, making it difcult to ascertain changes over time. Non-longitudinal designs may lead 
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to identifcation of academic problems late in the students’ career because they have already 

been failing for quite some time and interventions may become more difcult (Lyon, Fletcher, 

& Barnes, 2003). Even researchers who incorporate a longitudinal approach usually collect data

on only twice in the participants’ life (e.g., Roebers, Cimeli, Rothlisberger, & Neuenschwander, 

2012; Clark, Prichard, & Woodward, 2010). For the present study, data were collected over four 

consecutive academic years. More specifcally, the present study examined teachers’ and 

teacher assistants’ ratings of EF of middle and high school students (grades 6 – 9) atending an 

urban charter school in one of New York City’s boroughs. Each student’s EF was measured 

with the BRIEF by both a teacher and teacher assistant; their academic performance in a num-

ber of courses was measured every year for four consecutive academic years.

Te goals of the present study were to (1) assess how much EF can add to the prediction

of students’ GPAs in English/language arts (ELA), mathematics, social studies, science, and 

Spanish courses beyond that made by IEPs, gender, and poverty, and (2) examine the develop-

ment of the relationship between EF and GPAs over time, i.e., whether the development of 

higher EF comes to afect grades more strongly. Tese relationships were assessed for when EF 

was measured by both teachers and teacher assistants.

Te frst hypothesis was that EF makes a unique contribution to the predictions of stu-

dents’ academic performance made by whether or not a student has an IEP, their gender, and 

poverty level. Te second hypothesis was that EF improves over the years and perhaps has an 

increasingly greater efect on academics. Given the rarity of being able to study all of these 

relationships over time with a general, disadvantaged sample of students, recommendations for

policy and practice will be made based on our fndings.

Method

Context
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Te study was conducted at an urban charter school in New York City. Te mission of 

the school—as given in the school’s charter—is to provide “a rigorous college preparatory edu-

cation that equips and empowers . . . all students, including those living with emotional 

challenges.” All classrooms include students with and without disabilities in a 40%:60% ratio; 

the maximum number of students in each class is 17 (i.e., about 7 students with and 10 without 

disabilities). Students are fully integrated “to break down barriers through the power of [stu-

dents’] daily academic and social experience, enabling them to develop the academic skill, 

emotional fuency, and confdence required to be successful students today and thoughtful, 

open-minded leaders tomorrow.”

Participants

Te students, whose EFs were rated through the BRIEF, were aged 12 to 15 years in 

grades 6 through 9. Te ethnicity of the student population is 32% Hispanic; among the non-

Hispanic students, 42% are African-American, 8% are Asian-American, and 17% are European-

American. Te school frst opened for the 2009-2010 academic year with a single sixth grade 

class. Te school added a new grade each year as this cohort progressed; this growth is 

refected in Table 1.

Twenty-one teachers and 22 teacher assistants participated in this study by completing 

the BRIEF for students in their classes. All teachers held teaching certifcations by the New 

York State Education Department; all teaching assistants had four years of college but were not

necessarily certifed.

Materials

Executive functioning: BRIEF. Te BRIEF (Gioia, Andrews Epsy, & Isquith, 2003) is 

probably the most well-known paper-and-pencil measure of EF. It is an 86-item questionnaire 

which includes fve diferent sub-scales assessing a subject’s inhibition, shifing, emotional con-
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trol, working memory, and planning/organization. Examples of items include how ofen the 

subject “needs help from an adult to stay on task,” “becomes overwhelmed by large assign-

ments,” “makes careless errors,” “does not take initiative,” and “interrupts others.” It has 

demonstrated good test-retest reliability (Gioia, Isquith, Guy, & Kenworthy, 2000), and has been

shown to diferentiate between comparison controls on the one hand and children with various

disabilities such as ADHD, Reading Disorder, Autism Spectrum Disorder, and Traumatic Brain 

Injury on the other hand (Gioia & Isquith, 2004; Gioia, Isquith, Kenworthy, & Baron, 2002; 

Mahone et al., 2002).

Te BRIEF is published by Psychological Assessment Resources, Inc. (PAR), from whom 

the right to use it was obtained. Te BRIEF was completed by 21 teachers and 22 teacher assis-

tants who knew the students well. Although the BRIEF produces sub-domain scores, only 

results concerning the overall General Executive Composite (GEC) score are presented here. 

Te GEC is composed of both behavioral and cognitive functions; separate analyses of these 

two sub-domains found complementary results.

Academic performance: GPA. Academic performance was measured through stu-

dents’ annual grade point averages (GPAs) for the following courses: English/language arts 

(ELA), mathematics, science, social studies, and Spanish. Grades in other areas such as move-

ment (a part of physical education) and music were also available but not analyzed here since 

they are less generalizable. In addition, overall, inter-course GPA was not analyzed since it 

would either contain these other, less-easily generalized grades or be redundant with those 

included here. Middle school GPAs are among the best predictors of not only high school GPAs

but also whether students ultimately graduate high school (Lohmeier & Raad, 2012); they have 

also been found to be strongly related to performance on standardized exams, such as the Stan-

ford Test of Basic Skills (Wentzel, 1993). Although related to scores on standardized tests, high 
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school grades have been found to be the best predictor of short- and long-term college grades—

not only out-predicting, e.g., SAT scores, but also being less related to family income or 

parental education than SAT scores (Geiser & Santelices, 2007).

Procedure

Te BRIEF was distributed to the teachers and teacher assistants by the school adminis-

tration near the end of every academic year. Each student’s name was given once, afer 

randomization within constraints, to one of their teachers and to one of their teacher assis-

tants. Teachers and teacher assistants rated these students using the BRIEF and returned all 

completed forms within one week of initial administration. With institutional and school IRB 

permission to conduct the study, the BRIEF and academic data were linked, anonymized, and 

then furnished to the authors for analysis.

Analyses

Zero-order analyses, e.g., of how many boys versus girls had IEPs, were conducted with

standard chi-square tests, Pearson product-moment correlations, t-tests, etc. Te results of 

these analyses will be presented frst to establish the context for the main analyses testing the 

study’s two main hypotheses.

Tese hypotheses were tested through taxonomies of multilevel models of change using

full maximum likelihood estimations. Separate models were run with each of the various 

course GPAs as the only criterion variable. Diferent models were also run for BRIEF GEC 

scores computed from teacher ratings and from teacher assistant ratings. Finally, to beter 

show the efect of BRIEF GEC scores relative to the other variables (i.e., gender, lunch status, 

IEPs, and time), we frst ran models with all terms hexchept those related to EF. We then added 

BRIEF-related terms to the models, noting not only the efects of EF as measured by BRIEF 

GEC scores on the various GPAs and any changes in the efect over time, but also how the pat-
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ern of signifcant efects changed, changes in model ft, and how predictive were students’ ini-

tial scores on academic performance in later years.

Conduct multilevel models of change were used because they handle data well when 

not all (but nonetheless enough) participants produce data at every wave and when the lengths

of time at each wave vary (Singer & Willet, 2004), as were the cases here. Using full maximum 

likelihood estimations—as opposed to restricted maximum likelihood estimations—allows tests 

to be conducted on all factors in the model, but require greater assumptions be made about the 

data that are unlikely to be violated by the data analyzed here.

In addition to analyses related to fxed factors like gender and IEP status, these multi-

level models of change provide other relevant statistics: the covariance and time residuals and 

the deviance statistic. Covariance residuals indicate how much information remains unex-

plained at diferent levels of the model; a signifcant covariance residual suggests that 

considerably more information remains about what afects the given GPA than is covered by 

the factors in the respective model. Covariance residuals also indicate the extent to which the 

initial status of the predictor terms is related to later academic performance, i.e., how well sixth

grade levels can be used to estimate GPAs in the seventh, eighth, and ninth grades. Te time 

residuals test whether there is more to the changes over time than is explained by the model’s 

factors. Te deviance statistic is a measure of overall model ft; smaller numbers indicate that 

the model’s parameters beter accounts for the data than larger numbers. Te deviance statistic 

for each model represents a benchmark against which to test for any improvements made by 

additions made to the successive model; signifcantly large changes in the deviance statistic 

indicates that the successive model beter fts the data.

Dummy codes were used for gender (where males = 0 and females = 1) and whether or 

not a student had an IEP (referred to as “IEP status” where having an IEP = 1 and having no 
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diagnosed need = 0). “Lunch status” was coded such that receiving a free lunch = -1, a reduced 

lunch = 0, and a paid lunch = 1. All other variables (BRIEF GEC scores, time, and GPAs) were 

standardized across the entire dataset. Time was measured as standardized scores of students’ 

Julian age on the day the BRIEF was completed, centered on the students’ tenth birthdays. Te 

α-levels used to test signifcance were set at .01 to reduce the chance of experiment-wise Type I

(false positive) errors. Data were removed case-wise from each set of models, resulting in 

slightly diferent results for the non-fnal models that would ultimately include teacher BRIEF 

GEC scores and teaching assistant BRIEF GEC scores.

All analyses were conducted with R, version 3.0.2 (R Core Team, 2013), except for the 

multilevel change models, which were conducted with SPSS, version 20, since SPSS’s MIXED 

command uses Saterthwaite’s approximation (Saterthwaite, 1946; Welch, 1947) to compute 

denominator degrees of freedom. R packages used included psych (Revelle, 2014) and nlme 

(Pinheiro et al., 2013).

Results

Descriptive and Overall Statistics

Student information. Most students had data collected about them each year they 

atended the school. However, data were not always available for each student every year: 

atrition, absences, incomplete instruments, lack of matching academic records, etc. precluded 

collecting sufcient data on every student; the analyses here include only those students for 

whom data existed on all respective measures.

Data were collected on 386 students of which 210 were boys and 176 were girls. Table 2 

presents the means and standard deviations for girls’ and boys’ BRIEF GEC scores as reported 

by their teachers and teacher assistants; ages; and annual GPAs in ELA, mathematics, science, 

social studies, and Spanish. Scores are given for each grade; note that grade levels here does 
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not represent a cohort, but summaries of all students’ scores when they were in that grade 

level. Also note that, per convention, lower BRIEF GEC scores denote highher levels of EF. GPAs 

were computed on an 11-point scale where A+ = 10, A = 9, ... C- = 2, D = 1, and F = 0.

Poverty was measured by whether the students were eligible for free or reduced-price 

school lunches. Most of the students atending the school live in poor families: 83% of the stu-

dents receive free (68%) or reduced-price (15%) school lunches.

Correlations between overall BRIEF scores and overall GPAs. A frst bird’s-eye 

view of the relationship between EF and academic success can be made by looking at overall 

BRIEF GEC scores and overall GPAs. Te correlation between the mean teacher BRIEF scores 

(averaged across all available waves for each student) and the mean teacher assistant BRIEF 

scores was .68 (t230 = 14.0, p< .001). Both mean teacher and mean teacher assistant BRIEF scores 

also correlated highly with the GPAs averaged across all years. Mean teacher BRIEF correla-

tions ranged from -.58 (Spanish, t207 = -10.32, p< .001) to -.68 (social studies, t206 = -13.03, p< .

001); mean teaching assistant BRIEF correlations ranged from -.45 (Spanish, t206 = -7.33, p< .

001) to -.53 (science, t206 = -9.04, p< .001). GPAs also correlated highly with each other, ranging 

from .73 (Spanish and social studies, t237 = 16.24, p< .001) to .82 (ELA and math, t239 = 22.19, p< .

001).

IEP status and student characteristics. Te IEP status was known for 322 of the 386 

students. Seventy-eight (23.6%) of these 332 students had IEPs. It is not known how many of 

the remaining 64 students had IEPs, so these students were not included in further analyses. 

Collection of IEP data began three years afer the school had opened, therefore nearly all (62) 

of the 64 students for whom the IEP status was not known were students who lef the school 

during the frst two years. Although we do not know the IEP status of those students, the 
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admission policy of the school has not changed, so the ratio is likely similar for those who lef. 

In any case, all analyses only included students without missing data.

IEP status and overall GPAs. Table 3 presents the overall mean BRIEF GEC scores 

and GPAs for each student across all waves based on their IEP status. A series of one-way 

ANOVAs on these mean scores tested overall diferences in BRIEF scores and GPAs for those 

students who did and did not have IEPs. All seven of these tests were signifcant (smallest F1, 199 

= 11.59 for teacher assistant BRIEF & IEP status; all per-comparison ps < .007 using a Bonfer-

roni correction since the independence of the tests could not be ensured) supporting the 

fndings that students with IEPs were more likely to have higher mean BRIEF scores (i.e., be 

rated as having lower EFs) and lower mean grades than those without IEPs.

IEP status and student gender. Table 4 presents the genders of students with and 

without IEPs for those who remained in school long enough for us to know their IEP status. A 

Pearson’s chi-square with Yate’s correction (which helps the test approximate a continuous dis-

tribution; Everit & Skrondal, 2010) found that boys were more likely to have IEPs than girls 

(χ2
2 = 4.38, p = .036). 

IEP status and poverty. Table 5 displays the numbers of students receiving lunch aid, 

also as a function of IEP status. A Pearson’s chi-square test found no relationship between the 

lunch and IEP statuses (χ2
2 = 2.49, p = .289).

Efects of Student Characteristics, IEP Status, and BRIEF GEC Scores on Course GPAs

Te study’s goals are primarily addressed through series of multilevel models of change 

in course GPAs. Initial models’ predictors included gender, lunch status, IEP status, and change 

in GPAs over time. To each of these models was then added a term for BRIEF GEC scores 

(derived from either teachers’ or teacher assistants’ ratings of the students) and an interaction 

term for BRIEF scores x time. Signifcant BRIEF terms indicated that EF adds to the prediction 
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of course GPAs above that made by gender, lunch status, IEP status, and time (hypothesis 1); 

signifcant BRIEF scores x time terms indicate that the relationship between BRIEF scores and 

GPAs changed over time (hypothesis 2). Analyzing the goals through pairs of models—instead 

of one omnibus model with all terms included—allows a closer analysis of both how the patern

of signifcant terms changes with the introduction of BRIEF-related terms and how much the 

addition of those terms allows the model to beter ft the data.

Summary of efects. Te general paterns of signifcant terms are presented in Figure 

1 where the pairs of models are shown broken down by teacher and teacher-assistant models 

and then by course. Gender was signifcant in several of the initial models, as was the efect of 

time on GPAs. Lunch status was never signifcant.

Te patern of signifcant terms changed markedly when BRIEF GEC-related factors 

were added. With one exception (ELA GPAs with teacher-assistant-derived BRIEF scores), 

BRIEF-related terms accounted for all of the relationships with GPAs among these terms. In 

most cases, too, the relationship between BRIEF scores and GPAs was stable: Only when pre-

dicting social studies and Spanish GPAs among the teacher assistant models were the BRIEF x 

time interaction terms signifcant. Te details and implications of these paterns are discussed 

next.

Initial models: gender, lunch status, IEP status, and time. Te backdrop against 

which EF was examined were models comprised of gender, lunch status, IEP status, and time, 

presented in Table 6. We found that girls earned higher grades than boys in ELA and science 

courses. Tere was also a tendency for girls to have higher GPAs in math and Spanish courses, 

which only reached signifcance among teacher-assistant models. Te efect of lunch status was

never signifcant. Te efect of time was signifcant, indicating that ELA, math, and—for the 

teacher-assistant models—Spanish GPAs decreased over time. Finally, IEP status was signifcant
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in all models: Students with IEPs tended to have lower GPAs in all courses than students with-

out IEPs.

Te time residuals for all of the initial models were not signifcant, refecting that litle 

remains unsaid about the change over time in the GPAs; indeed there was litle change in them.

Te lack of time efects—supported by the signifcant covariance residuals—indicates that the 

initial status of the predictor terms is related to later academic performance. Tis is not surpris-

ing since gender and poverty were both time-invariant.

Final models: adding BRIEF GEC and BRIEF GEC x time interactions to the ini-

tial models. Table 7 details changes in the patern of signifcant efects that happened when 

teacher- or teacher assistant-derived BRIEF GEC scores and their interactions with time were 

both added to the models. Te BRIEF terms were all highly signifcant—across courses and for 

both teachers and teacher assistants. EF, as measured by BRIEF scores, is a strong, consistent 

predictor of academic success. Tese strong efects outshined most of the other efects from the

initial models.

Te BRIEF GEC score x time interaction terms were signifcant in models predicting 

social studies and Spanish GPAs when BRIEF scores were generated by teacher assistants. For 

both of these courses, students with stronger EF (lower BRIEF GEC scores) tended to have 

GPAs that improve over these years.

All models—even those with signifcant BRIEF x time interactions—had strongly signif-

cant covariance residuals. One thing these signifcant covariance residuals indicate is that 

initial BRIEF scores well predict GPAs in later years for all courses and for both teacher- and 

teacher assistant-derived scores. In other words, knowing a student’s BRIEF score—whether 

obtained from the student’s teacher or teacher assistant—strongly predicted her/his GPA both 

for a broad range of both current and future courses, at least up to the ninth grade.
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Te reductions in deviance statistics from the initial models (the ΔDs in Table 7) are all 

highly signifcant (critical χ3
2 = 11.34): Te addition of BRIEF-related terms to the models 

greatly improved the ft of the models to the data. Nonetheless, even though the other terms 

lose their signifcance when BRIEF-related factors are added to the models, the other terms 

help model ft; the deviance statistics are signifcantly worse when those other terms are 

removed from the models with BRIEF-related factors (ΔDs ≈ -200). Even the removal of just 

IEP status from the fnal models signifcantly worsened their fts (ΔDs ≈ -150); even though 

BRIEF scores here eclipsed the efects of IEP status, not considering IEPs would noticeably 

weakens our ability to predict GPAs.

Efects of BRIEF GEC-Related Terms among Students With and Without IEPs

Tat last point about the importance of IEPs raises another consideration. It is possible 

that EF acts diferently among students with and without IEPs. We tested this by dividing the 

data into those who had IEPs and those who did not. On each of these sub-sets of the data, we 

ran models that contained gender, lunch status, time, BRIEF GEC scores, and BRIEF x time 

interaction terms as the predictors and each of the course GPAs as outcomes. Te models were 

run for both the teacher- and teacher-assistant-derived BRIEF scores.

Tere were very few diferences between the sub-sets of students with and without 

IEPs. Looking at only those students who had IEPs, BRIEF GEC scores were still signifcant 

predictors of GPAs for all courses among both the teacher (smallest absolute βSpanish = -.374, p = .

00203) and teacher assistant (smallest absolute βELA = -.511, p = .00303) models. Tere was not 

sufcient data for the models to converge when analyzing either the teacher science model or 

the teacher assistant math, social studies, or Spanish models. Te BRIEF x time efect was not 

signifcant among any of the models that converged (largest βTeacher social studies = .201, p = .02409).
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BRIEF GEC scores were also signifcant predictors among those students who had not 

been diagnosed with the need for an IEP. For the teacher-derived data, the smallest absolute 

βScience = -.425, p < .00001; for the teacher assistant-derived data, the smallest absolute βELA = -.287,

p = .00309.Te model for Spanish GPAs among teacher assistant data did not converge. Te 

BRIEF x time efect was only signifcant among the teacher assistant data when predicting ELA

GPAs (β = .325, p = .00309) and Spanish GPAs (β = .297, p = .00708).

Another way to look at the relationship between BRIEF GEC scores and IEPs is to 

assess whether BRIEF scores themselves change over these years—and whether rates of change

difer for those who have IEPs from those who do not. For both teacher- and teacher-assistant-

derived BRIEF scores, the results were roughly the same: BRIEF scores were relatively stable 

and similar among students with and without IEPS. In these analyses, BRIEF scores were the 

outcomes in multilevel change models in which time and IEP status were the predictors. For 

the model on teacher-derived BRIEF scores, the efect of time did not quite achieve signifcance

(β243 = 0.10, S.E. = 0.043, p = .018), the IEP status x time efect was not signifcant (β243 ≈ 0, S.E. = 

0.075, p = .99), and—not surprisingly—the IEP status “main efect” term was signifcant (β329 = 

0.63, S.E. = 0.11, p< .00001). For the model on teacher-assistant-derived BRIEF scores, the time 

efect (β51 = 0.076, S.E. = 0.069, p = .27) and the IEP status x time efect were both not signifcant

(β51 = -0.22, S.E. = 0.15, p = .14); the IEP status efect was (β199 = 0.49, S.E. = 0.15, p = .00102).

Discussion

EF ofers a broad indicator of risk or resilience in early childhood (Masten et al., 2012); 

in the current study prediction of academic achievement in middle and early high school stu-

dents was examined. Te fndings were (1) EF, as measured by BRIEF GEC scores, signifcantly 

adds to predictions of students’ GPAs made by IEPs, gender, and poverty; and that (2) the 

development of EF over time leads to higher GPAs in some courses, but in general the efect of 
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EF on GPAs was quite stable over time. In fact, the efect was stable enough that initial assess-

ments of EF remained predictive of GPAs to ninth grade. Te addition of further waves of data 

and the inclusion of other relevant factors may well reveal changes in EF over time; they will, 

however, be unlikely to eface the robust relationships found here.

Students’ rated EFs were strongly associated with their GPAs in all courses measured 

here: ELA, mathematics, social studies, science, and Spanish. Tere does not appear to be much

diference between the courses in the magnitude of the efect of EF on GPA.

Not only was this efect of EF beyond that made by IEP, gender, and poverty, but it was 

considerably stronger than that of the other terms. Tese results support those found by Waber

et al. (2006), Bierman et al. (2009), and Kotsopoulos and Lee (2012) that EF has a powerful efect

on disadvantaged, adolescent students’ academic performance. 

Girls and those students without IEPs tended to have higher GPAs. Lunch status—a 

measure of family poverty—was unrelated to GPAs. In addition, even though the efect of 

BRIEF GEC scores eclipsed most other efects, the inclusion of IEP status at least was important

for overall model ft. IEP status and BRIEF scores were highly correlated, but further analyses 

indicate that they may act through diferent mechanisms.

Investigating EF in the feld over several years adds further insights into the role of EF 

in academic performance, and not all of these insights correspond to the fndings of others. 

GPAs among these students tended to decrease over the years, but changes in GPAs were 

insignifcant when BRIEF GEC-related factors were taken into consideration (i.e., the time term

was not signifcant when BRIEF-related terms were added). In addition, any changes in BRIEF 

scores were only associated with changes the GPAs of a few courses—not surprising given that 

neither BRIEF scores nor GPAs changed greatly. Tis helped initial EF ratings to be strong pre-

dictors of GPAs in later grades, both when the assessments are made by teachers or teacher 



EXECUTIVE FUNCTIONING AND ACADEMIC SUCCESS 24

assistants. Te relationship between EF and academic success is consistent with other research 

(e.g., Bierman et al., 2009; Kotsopoulos & Lee, 2012; Latzman, Elkovitch, Young, & Clark, 2010; 

Waber et al., 2006), but our inability to detect reliable changes in EF over several adolescent 

years is not. In a very large, feld-based study, Best, Miller, and Naglieri (2011) found increases 

in EF continued at least into middle adolescents. Environmental stressors such as poverty and 

adversity can impede its development (Blair & Raver, 2012; Buckner, Mezzacappa, & Beardslee, 

2003; 2009; Shonkof, 2011) and may account for at least some of the negative fndings here.

Teachers’ ratings of students’ EF were highly correlated with teacher assistants’ EF rat-

ings.  Te paterns of which terms were signifcant were also quite similar.  Nonetheless, when 

diferences did occur, it was that models incorporating teacher assistant ratings found a greater

number of signifcant terms, viz., gender, time-related terms, and—once—IEP status. Te fts 

(e.g., the deviance statistics, -2LLs) of teacher and teacher assistant models were similar, so the 

models that incorporated teacher assistant ratings do not appear to be beter models. Although 

in general, then, teachers and teacher assistants are roughly equally useful sources of ratings of

students’ EF-related behaviors, ratings given by teacher assistants may be slightly more inde-

pendent of (and thus possibly less biased by) students’ genders and academic performance. Te 

diferences in the efects between teacher and teacher assistant ratings, however, were quite 

small.

Whether or not a student had an IEP was related to the student’s GPA in all subjects 

measured here. In addition, even though IEP status was related to gender and BRIEF GEC 

scores, including IEPs in predictions of GPAs signifcantly improved the fts of both the initial 

and fnal models. IEP status and lunch status, a measure of family poverty, were not found to 

be related among these students. Tere are many reasons that students are diagnosed with ben-

efting from an IEP—not all of which pertain to intellectual needs. In addition, students with 
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disabilities may have never been diagnosed and thus not given IEPs. Te efect of IEP status 

here, then, represents a general but robust efect of the disabilities that typically comprise IEPs;

more advanced considerations of their role will require further, more precise investigation.

Lunch status was never found to be signifcantly related to GPAs, a result we did not 

expect to fnd. Most (~80%) of these students lived in poverty, and the lunch status scale also 

has a very limited range of values; both of these limit the variability of the lunch status term. 

Given the strong efect that poverty is known to have on academic success (e.g., Haveman & 

Wolfe, 1995), the lack of an efect here may further support the need for more precise measure-

ments of poverty and the factors that precipitated these students’ IEPs.

Te efect of time, however, did not sufer from a lack of precision. Knowing the stu-

dents’ birth dates and the dates on which the teachers and teacher assistants completed the 

BRIEF allowed us to measure time to the day. Its efect on grades was nonetheless never 

omnipresent and was fnally eclipsed by the presence of BRIEF-related factors. Te persistently 

weaker efect of time may simply indicate that students’ learning kept pace with their grade 

level—i.e., that teachers in the various grade levels all tended to give similar grades.  It also 

argues that EF can be used as a long-term predictor of academic success throughout middle 

school and into 9th grade. 

Recommendations for Policy and Practice

Even though further research is needed to elucidate several of the areas explored 

through this study, the current fndings have important educational signifcance. Although the 

BRIEF is long, it is relatively easy to administer, and both teachers and teacher assistants pro-

duce useful, informative ratings that qualifed professionals can be trained to compute and 

interpret. Terefore, BRIEF GEC scores represent a potentially cost-efective diagnostic tool 
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that can be used to prioritize both short- and long-term academic and behavioral interventions 

among disadvantaged, middle school and early high school students.

Tere were some diferences in models using teacher ratings versus teacher assistant 

ratings; the later may be slightly more independent of gender, time, and possibly IEP status.  If

an administrator were to choose only one of these two groups to complete the BRIEF, then, the 

later may be preferred.  Any diferences may come from these teacher assistants being able to 

work one-on-one with more students more ofen, so a safe recommendation would be that the 

BRIEF should be completed by professionals who are very familiar with the students.

In addition, the exceptionally strong relationship between grades and BRIEF GEC scores

is stable enough that an initial diagnosis made in early middle school grades well predicts aca-

demic performance at least into the frst year of high school. Finding that the relationships 

between BRIEF GEC scores and GPAs changed litle over these four years further underlines 

their use to make longer-term decisions about interventions among adolescents. EF ratings 

ofer an additional, highly-predictive piece of information about students and their needs.

More generally, the strong relationship between EF and GPAs suggests the development

of EF-related behaviors and capacities are important components of academic success across 

many disciplines.  EF proved rather stable across the time ages studied here; nonetheless, stu-

dents would likely strongly beneft from eforts to nurture the growth of their EF. Kaufman 

(2010) as well as Dawson and Guare (2010) and others ofer recommendations for ways to 

address EF in the classroom

In addition, the BRIEF used as an early diagnostic tool appears to provide useful, cost-

efective, complimhentary information to that contained within most IEPs. Administrators, spe-

cial education coordinators, counselors, teachers, and teacher assistants can use EF ratings 

along with any IEP directives to plan both short- and long-term supports.
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Given the stability of BRIEF scores over these years, the BRIEF need not to be adminis-

tered every year in middle school. For students with disabilities, for example, it seems 

appropriate to follow the precedent and infrastructure that exists in special education and 

administers the BRIEF on the tri-annual cycle on which standardized tests are scheduled to be 

administered. Ten, the Commitee on Special Education can use this information when 

reviewing and revising IEPs. Schools may choose to follow the same timeline for students 

without disabilities. EF was an important predictor of GPAs among all of these students. Te 

scores may help promote broader conversations about interventions than do IEPs meetings, 

and assessing all students may help reduce perceived diferences between students with and 

without IEPs.

Of course, GEC scores are still general measures. EF is a broad and not always consis-

tently defned construct; diferent measures of it produce diferent relationships (e.g., Best, 

Miller, & Naglieri, 2011; Bull & Scerif, 2001). Interventions that address it are equally diverse 

(Riccio & Gomes, 2013), and more efective interventions may arise from targeting specifc 

aspects of EF (Cantin, Mann, & Hund, 2012; Dawson & Guare, 2010), even though commonali-

ties exist (e.g., many include stable, warm relationships with adults that promote self-

regulation and stress management; Liew, Chen, & Hughes, 2010). BRIEF GEC scores, therefore, 

may be best used as a component of an initial batery administered earlier during a student’s 

adolescence to make general, long-term decisions; these initial assessments can then be tailored

if and when additional information and resources become available.

Limitations

In addition to the somewhat limited range of time available for analysis, all students 

haled from the same school. Admitance to the school is by lotery among the many applicants,

so they at least initially represent well a population of diverse students from disadvantaged 
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backgrounds; in their frst year at the school, students are a more truly random selection of the 

general population than is achieved in most studies. However, the development EF among the 

students and their continued enrollment in the school may not be independent; school-based 

factors may afect their development and thus reduce the generalizability to other setings. Te 

mission of the school itself centers on providing disadvantaged students, especially those with 

special needs, with an enriched and supportive academic environment; it is therefore possible 

that the developmental trajectories of EF among these students would difer from peers on 

other education setings, e.g., that the rates would be accelerated at the current school.

Te IEP statuses of students who lef the school during the frst two academic years that

the school was open are not known, nor are the reasons these students lef. Anecdotal reports 

from the school’s administrators indicate that familial changes (e.g., moving out of the area) as 

well as poor academic performance likely contributed to most of the reasons for leaving. Tose 

who lef for academic reasons would bias our sample, perhaps weakening the efect of IEPs on 

academics. In addition, among the students who did not have IEPs, there is no information on 

how many were evaluated but found not to need an IEP or how many were simply never eval-

uated. Finally, the IEPs that students had could be for non-intellective reasons such as socio-

emotional or physical, possibly weakening the strength of the IEP efect on GPAs.
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Table 1

Numbher of Studhents by Gradhe Lhevhel and Acadhemic Yhear.

Academic Year

Grade Level 2009-2010 2010-2011 2011-2012 2012-2013

6 64 72 83 107

7 73 92 92

8 48 70

9 19

Total Enrollment 64 145 223 288

Nothe. Te shaded arrows refect that the school grew a grade per year as, e.g., the 6th grade stu-

dents in AY 2009-2010 comprise most of the 7th grade students in AY 2010-2011.)
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Table 2

Mheans and Standard Dheviations of Exhecutivhe Functioning Scorhes, Aghe, and Annual Gradhe Point Avheraghes.
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Grade 6 Grade 7 Grade 8 Grade 9

Male Female Male Female Male Female Male Female

Teacher
BRIEF GEC Score

Mean 126.2 106.8 133.2 114.9 164.8 146.6 126.1 138.1

S.D. 33.8 29.2 33.3 32.1 31.1 46.5 37.7 29.9

Teacher Assistant 
BRIEF GEC Score

Mean 117.2 98.0 125.7 107.6 136.6 108.4 127.6 111.1

S.D. 30.3 26.5 36.2 32.1 35.4 30.7 35.2 35.3

Student Age
Mean 12.2 12.2 13.1 13.1 14.0 14.0 15.0 15.0

S.D. 0.3 0.3 0.4 0.2 0.4 0.3 0.2 0.1

ELA GPA
Mean 4.8 5.7 4.8 5.7 2.9 3.4 3.5 5.4

S.D. 2.9 2.6 2.4 2.3 2.4 2.2 3.2 2.7

Math GPA
Mean 4.2 4.4 4.1 4.7 3.3 2.6 3.6 4.6

S.D. 2.9 2.9 2.6 2.7 2.9 2.1 3.1 2.0

Science GPA
Mean 3.8 4.3 3.7 4.5 5.1 5.5 3.6 4.1

S.D. 2.9 2.8 2.7 2.9 2.7 1.7 2.5 3.1

Social Studies GPA
Mean 3.8 4.3 4.1 4.3 4.2 2.9 4.0 4.4

S.D. 2.8 2.9 2.1 2.4 2.8 2.1 2.0 2.3

Spanish GPA
Mean 4.7 5.7 4.4 4.5 4.8 4.3 3.9 4.9

S.D. 3.1 2.9 2.5 2.5 2.8 2.7 3.5 3.0
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Table 3

Dhescriptivhe Statistics of BRIEF Scorhes and Courshe GPAs by IEP Status.

Student Has an IEP Student Does Not Have an IEP

BRIEF Score Teacher Mean 132.3 110.63

S.D. 34.3 29.78

n 78 253

Teacher Assistant Mean 127.17 107.8

S.D. 29.82 34.25

n 44 157

Mean GPA ELA Mean 3.5 5.82
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S.D. 2.06 2.2

n 44 132

Math Mean 3.13 5.08

S.D. 2.25 2.45

n 44 132

Science Mean 2.81 4.8

S.D. 2.47 2.51

n 44 131

Social Studies Mean 2.89 4.73

S.D. 2.37 2.46

n 44 131

Spanish Mean 3.4 5.41

S.D. 2.31 2.46

n 44 131
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Table 4

Numbher and Pherchent of Studhents With and Without IEPS by Ghendher.

Has an IEP Does Not Have an IEP Total

n % n % n %

Female 28 8.7 121 37.6 149 46.3

Male 51 15.8 122 37.9 173 53.7

Total 79 24.5 243 75.5 322 100
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Table 5

Numbher and Pherchent of Studhents Eligiblhe for Frhehe or Rheduched School Lunchhes by IEP Status.

Student Has an IEP
Student Does Not Have

an IEP Total

n % n % n %

Free Lunch 50 17.4 146 50.7 196 68.1

Reduced-Price 
Lunch 10 3.5 32 11.1 42 14.6

Full Price Lunch 18 6.3 32 11.1 50 17.4

Total 78 27.1 210 72.9 288 100
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Table 6

Initial Multilhevhel Changhe Modhels Including Ghendher, Lunch Status, Sphecial Education Status, and Timhe as Prhedictors of Courshe GPAs.

ELA Math Science Social Studies Spanish

Teacher
Teachin
g Assist.

Teacher
Teaching

Assist.
Teacher

Teaching
Assist.

Teacher
Teaching

Assist.
Teacher

Teaching
Assist.

Gender
(Male = 0, Female
= 1)

b 0.39 * 0.41 * 0.21 0.24 * 0.30 * 0.30 * 0.20 0.21 0.22 0.23 *

SE 0.08 0.08 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09

Lunch Status
(Free = -1, 
Reduced = 0, Paid
= 1)

b -0.03 -0.05 -0.04 -0.05 0.08 0.08 -0.01 -0.02 -0.03 -0.04

SE 0.06 0.06 0.06 0.06 0.07 0.07 0.07 0.07 0.07 0.07

Time
(Change in GPAs 
over Time)

β -0.24 * -0.21 * -0.24 * -0.18 * -0.02 -0.02 -0.13 -0.12 -0.19 -0.18 *

SE 0.07 0.06 0.07 0.06 0.07 0.06 0.08 0.06 0.07 0.06

IEP Status
(Has IEP = 1, No 
Diagnosis = 0)

b -0.65 * -0.63 * -0.51 * -0.49 * -0.55 * -0.55 * -0.54 * -0.53 * -0.45 * -0.43 *

SE 0.10 0.10 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11

Covariance 
Residual

β 0.69 * 0.69 * 0.78 * 0.79 * 0.82 * 0.82 * 0.90 * 0.89 * 0.82 * 0.81 *

SE 0.06 0.06 0.07 0.07 0.07 0.07 0.08 0.08 0.07 0.07

Time 
Variance

β 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

SE 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Deviance Statistic
(-2LL)

598.20 596.12 628.08 630.15 639.88 639.87 660.32 659.36 638.43 636.13

* p < .01
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Table 7

Multilhevhel Changhe Modhels with BRIEF Scorhes and BRIEF Scorhes x Timhe Intheraction Therms Addhed.

ELA Math Science Social Studies Spanish

Teacher
Teaching

Assist.
Teacher

Teaching
Assist.

Teacher
Teaching

Assist.
Teacher

Teaching
Assist.

Teacher
Teaching

Assist.

Gender
(Male = 0, Female = 1)

b 0.10 0.24 -0.06 -0.06 0.06 -0.02 -0.13 -0.10 -0.05 -0.12

SE 0.08 0.10 0.08 0.10 0.09 0.10 0.09 0.10 0.09 0.10

Lunch Status
(Free = -1, Reduced = 0, 
Paid = 1)

b -0.04 -0.09 0.00 -0.14 0.13 0.07 -0.02 -0.04 -0.03 -0.09

SE 0.06 0.07 0.06 0.07 0.06 0.07 0.06 0.07 0.07 0.07

Time
(Change in GPAs over 
Time)

β -0.14 -0.20 * -0.08 -0.16 0.08 -0.03 -0.03 -0.04 -0.09 -0.10

SE 0.07 0.06 0.07 0.06 0.07 0.06 0.07 0.06 0.08 0.06

IEP Status
(Has IEP = 1, No 
Diagnosis = 0)

b -0.24 -0.40 * -0.07 -0.15 -0.16 -0.19 -0.01 -0.15 -0.11 -0.13

SE 0.11 0.12 0.11 0.13 0.11 0.12 0.11 0.13 0.12 0.12

BRIEF GEC Score
β -0.47 * -0.33 * -0.53 * -0.47 * -0.50 -0.59 * -0.56 * -0.52 * -0.41 * -0.43 *

SE 0.06 0.08 0.06 0.08 0.06 0.08 0.06 0.08 0.07 0.08

BRIEF GEC Score 
x Time
(Efect of EF on Rates of 
Change in GPAs)

β 0.11 0.18 0.08 0.17 0.03 0.02 0.15 0.24 * 0.14 0.27 *

SE 0.06 0.08 0.06 0.09 0.06 0.08 0.06 0.09 0.06 0.08

Covariance 
Residual

β 0.52 * 0.60 * 0.53 * 0.66 * 0.58 * 0.65 * 0.57 * 0.71 * 0.66 * 0.64 *

SE 0.07 0.06 0.05 0.07 0.06 0.07 0.06 0.07 0.07 0.07

Time Variance β 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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SE 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Deviance Statistic 
(-2LL)

452.77 430.85 454.85 449.21 473.85 443.9 470.8 461.36 501.85 443.27

Change in Deviance 
Statistic from Initial 
Model (ΔD)

145.43* 165.27* 173.23* 180.94* 166.03* 195.97* 189.52* 198.00* 136.58* 192.86*

* p < .01
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Figurhe 1: Summary of changes in signifcant and highly signifcant terms across the multilevel change models.
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Gender ‡ ‡ ‡ • ‡ •

Lunch Status

Time ‡ ‡ ‡ • • ‡

IEP Status ‡ ‡ ‡ ‡ ‡ ‡ ‡ ‡ ‡ ‡ ‡

BRIEF Score ‡ ‡ ‡ ‡ ‡ ‡ ‡ ‡ ‡ ‡
BRIEF Score x
Time • •
• p < .01; ‡ p < .001


