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Building the Brain’s

“Air Traffic Control” System:
How Early Experiences Shape the
Development of Executive Function

WORKING PAPER 11

Center on the Developing Child @ HarvarD universITY

Center on the Developing Child, Harvard University. (2011). Building the brain’s” air traffic control”
system: How early experiences shape the development of executive function. Working Paper 11.
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Child Neuropsychology
2003, Vol. 9, No. 4, pp. 267-276

Concurrent and 2-Year Longitudinal Relations

Between Executive Function and the Behavior
of 1st and 2nd Grade Children

Nathaniel R. Riggs, Clancy B. Blair, and Mark T. Greenberg
Prevention Research Center, State College. The Pennsylvania State University, PA, USA

ABSTRACT

Concurrent and 2-year longitudinal relations were investigated between two indicators of childrens (n = 60:
mean age =7 years 11 months) executive function, inhibitory control and sequencing ability, and behavior
problem sympiomatology. Dependent measures were parent and teacher reported internalizing and
externalizing behavior. Hierarchical multiple regression analyses demonstrated few significant concurrent
associations between either inhibitory control or sequencing ability, and behavior problem sympioms. In
contrast, baseline inhibitory control predicied decreased teacher reporied exiernalizing, and parent reporied
externalizing and internalizing behavior problems over a 2-year period. Baseline sequencing ability also
predicied decreased teacher reported externalizing and parent reporied internalizing behavior over this same
time period. Results suggest that some aspects of executive function in early elementary grade-school
children may be more strongly associated with change in behavior over time than concurrent behavior.

Implications of these findings for the prevention of behavior problems are discussed.

The developmental trajectories in children's
social, emotional, and behavioral spheres are
embedded in ecological models that include
important factors at the levels of individuals,
families, schools, and communities. Children’s
cognitive ability is one individual-level factor that
has been linked to these aspects of development.
The frontal and pre-frontal cortex is a specific
neural region implicated in governing the cogni-
tive skills linked to behavioral development. This
region is thought to be the seat of the brain’s self-
control processes, often referred to as executive
function (Pennington & Ozonoff, 1996; Welsh,
Pennington, & Groisser, 1991).

Executive function generally refers to the psy-
chological processes that are involved in the con-
scious control of action and thought. Conscious

control of action and thought is required whenever
a person is presented with novel information or
must execute a new response that is in conflict
with automatized response tendencies. Inhibitory
control, an intention to inhibit action or thought,
or defer it to a later more appropriate time, and
sequencing ability, a plan of action sequences, are
two executive functions that have recently been
implicated in children’s behavioral development
{Welsh & Pennington. 1988).

The aim of the current study was to supplement
current literature investigating the link between
inhibitory control and sequencing ability, and the
behavioral development of children in the early
school-aged years. Both concurrent and 2-year
longitudinal relationships were investigated be-
tween these two aspects of executive function, and

Riggs, N. R., Blair, C. B., & Greenberg, M. T. (2003). Concurrent and 2-year longitudinal relations between
executive function and the behavior of 1st and 2nd grade children. Child Neuropsychology, 9(4), 267-276.
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Testing Longitudinal Associations Between Executive Function and
Academic Achievement

Michael H. Little
University of Nogth Carolina at Chapel Hill

Michael T. Willoughby and Amanda C. Wylie
RT1 International. Rescarch Triangle Park, North Carolina

Children with higher levels of executive fusctson (EF) skills consistently demonstrase higher levels of
academic achievement. Despite the constsieacy of these associations, fundamental guestions reman
about whether efforts o improve an individual chidd's EF skills result ia cocrespanding improvements in
has oc her academic performance. In the ahsence of exg | evidence, devels have ased
repeated measures desigas 0 test the naure, magnstude, and direction of the associations between EF
skills aad acodemic achicvement. In costrast 10 previous studses. this study described how berween. and
wighin-person assoclutions betwees EF and achievemess address datferent questions. Using data from o
sehsample of particspants (V = 6,080) from the Early Chisdhood Longinedingl Study-Kindergarien,
2010-2011 (ECLS-K:2011) cohon. we estimated a series of latent growth carve models with structured
residuals 1o test the between and within-person associations between 2 dimessions of EF (woeking
memary. cognitive flesibility) snd 2 domains of academse achievemest (math, reading). Whereas
between-person associations between EF and achsevement were large (¢ = .55-91). the wighin-person
associations were small (Bs = —.10-.25). Within-persoa effects of carlier reading achsevement on Later
EF skills was the most consistent finding. Results were unchanged when analyses were repeated using
the subset of children who were eligible for free and reduced-prce lunch, a proxy for low socioecoacmic
howseholds. Results are discussed wish respect o interest in impeoving EF skills as a means for
factlitatimg school owcomes.

Keywords: executive functsom, acadenc skalls, cardy elementary education

Supplemential masersals: hrpoiids doi.org/ 101057 devINOOO supp

Executive functions (EF) are 3 set of cognltive skills—including
Inhibitory controd, working memory. and cognitive Nexibllity—
that facliitate planning and problem solving. Including lcaming
endeavors (Diamond, 2013). Individual differences In EF skills
have been consistently assoclated with children's academic
wKhievement and kearning-related outcomes (Best, Miller, & Na-
gllerd, 20117 Ursache. Blalr, & Raver, 2012; Wilkughby, Magnus,
Vemon-Feagans. Blalr, & the Family Life Project Investigators,
2017). This has ¢ to widespread Interest In understanding
whether EF skllis contribute to the achicvement gap belween
children from different sockoeconomic backgrounds (Blair & Di-
amond, 2008; Blair & Raver, 2012: Crook & Evans, 2014 Hack-
man, Faruh, & Meaney, 2010; Heckman, 2006; Shonkoff, 2011).
This is inherently a within-person question that has significance
for coucators and policymakers alike. Unfortunately. relatively

This amicle was pablished Online First December 27, 2018,

Michse! T. Willoughby and Ananda C. Wylse, RTI International, Re-
search Triungle Park. Noah Caroling; Michae! H. Linte. School of Edu-
cation, Universicy of North Caroling at Chapel Hul.

Michsel H Lintke s now at the Amencan Inststutes for Research, Chapel
Hill. North Carolina.

Comespoadence conceming this anscle should be addressed 1 Michael T,
Willoughby, RT1 Intemational. #3449 Hobbs Bullding, 3040 Corwallis Dave,
Research Trangle Park, NC 27M9-2194. E-mail: mwilloughby & mocg

few stixties have utlllzed research designs and statistical metbods
that directly inform within-person inferences.

TWOo recent meta-analylic studies reported moderate-sized bl-
variate assocations between EF and academic achicvement (Allan,
Hume, Allan, Famington, & Lonigan, 2014; Jacob & Parkinson.
2015). Allan. Hume, Allan, Faminglon, and Lonigan (2014) fo-
cused on measures of Inhibitory coatrol exclusively among young
(preschool and kindergarten) children and reported mean effect
slzes of rs = 25 and 34 for literacy and math, respectively. In
general. the associations were stronger when Inhibitory control
was measured using performance-based 1asks versus parent or
teacher ratings. Jacob and Parkinson (2015) focused exclusively on
performance-based tasks of multiple aspects of EF (oot just inhib-
Hory control) In students of varylng ages (3-18 years). They
reported mean effect sizes of 7 = 30 and .31 for reading and math
achievement, respectively. The effect sizes were similar for all of
the age ranges thal were consldered, Including between peeschool
(1.e.. 3- to S-year-oMis) and clementary school (L.¢., 6- to 11-year-
olds)y samples. Moreover, although EF skilis arc often emphastzed
15 contributing to school readiness, more studies were Mdentified
that examined the assockation belween EF sKills and academic
achievement among elementary than preschool-aged samples. No-
tably, these effect sizes represented the overall assoclation between
EF skills and academic achievement that Incladed both between-
and within-person sources of variation. Therefore, although mela-

Willoughby, M. T., Wylie, A. C., & Little, M. H. (2019). Testing longitudinal associations between
executive function and academic achievement. Developmental Psychology, 55(4), 767.
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Executive Function Skills Build Into the Early Adult Years
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Weintraub, S., Dikmen, S. S., Heaton, R. K., Tulsky, D. S., Zelazo, P. D., Bauer, P. J., & Gershon, R. C. (2013). NIH
Toolbox for the assessment of behavioral and neurological function: Cognition domain instruments. Neurology, 80, S54-S64.
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Adapted from Behavior Rating Inventory of Executive Function®— Preschool Version (BRIEF-P)
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Cognitive-Behaviour Modification
Self-Instruction Model
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Meichenbaum, D. (1977) . Cognitive-behavior modification: An integrative approach. New York: Plenum Press.
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2. REEAYENTT Strategy Implementation
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Meichenbaum, D., & Goodman, J. (1971). Training impulsive children to talk to themselves: A means of developing self-control. Journal of Abnormal Psychology, 77 , 115-126.
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Meichenbaum, D. (1977) . Cognitive-behavior modification: An integrative approach. New York: Plenum Press.
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Meichenbaum, D. (1977) . Cognitive-behavior modification: An integrative approach. New York: Plenum Press.
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Enhancing and Practicing Executive
Function Skills with Children from
Infancy to Adolescence

https://46y5eh11fhgw3ve3ytpwxt9r-
wpengine.netdna-ssl.com/wp-
content/uploads/2015/05/Enhancing-and-Practicing-

Center on the Developing Child @ HARVARD UNIVERSITY Executive-Function-Skills-with-Children-from-Infancy-

to-Adolescence-1.pdf
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