MOMMY AND ME: HOW THE RELATIONSHIP BETWEEN MATERNAL AFFECT AND
INFANT TEMPERAMENT PREDICTS EXECUTIVE FUNCTION DEVELOPMENT AND
ACADEMIC ACHIEVEMENT

A thesis presented to the faculty of the Graduate School of
Western Carolina University in partial fulfillment of the
requirements for the degree of Specialist in School Psychology.

By

Nina Andre

Director: Dr. Alleyne Broomell
Assistant Professor of Psychology
Psychology Department

Committee Members: Dr. Lori Unruh, Psychology (co-director)
Dr. Ethan Schilling, Psychology

May 18, 2021



ACKNOWLEDGEMENTS

| would like to thank my committee members and director for their assistance and
encouragement. In particular, I would like to thank Dr. Alleyne Broomell for her ongoing
support and many hours spent assisting me with conducting analyses and providing feedback.
Thank you for your willingness to take me on as a student and always expecting the most from
me. Great thanks are also due to Dr. Martha Ann Bell for allowing me to use this data set, and all
of the researchers at the Cognition, Affect, and Physiology Lab who collected that data.

| also extend sincere gratitude to my parents, without whom this thesis would not be
possible. Thank you for investing in my education for so many years and supporting me through
every step. Thank you for providing me with high expectations and unconditional love, and
never failing to remind me what truly matters.

I would also like to thank the psychology professors at Anderson University for the
strong foundation of knowledge and appreciation for the importance of the details. Specifically, |
would like to thank Dr. Robert Franklin for his role in providing the opportunity to begin
research and his encouragement to pursue it in the future. And to my original research partner,
Madison, thank you for being the best research buddy and listening to me talk about this project
for hours.

Lastly, my deepest gratitude to my fiancé, Chris. Thank you for encouraging me on the
hard days and always being willing to get ice cream to cheer me up. I couldn’t imagine life with

anyone else.



TABLE OF CONTENTS

LSt OFf TabIes ....eoei v
LISt OF FIQgUIS oot e e \4
List Of ADDIEVIATIONS ..eeetntittent ettt ettt et e et et e e et e e e eanaas vi
ADSITACE .t vii
INEEOAUCTION ... e e e 1
Chapter One: Executive Function Development ............ooieiiiiiiiiii i e, 2
Factors That Impact Executive Function Development ...................coooiiiiiiiniiin. 3

Infant TemMpPerament ...........c..oouiiiiiiii i e e e e, 3

Maternal Positive Affect ..o 5

Infant Temperament and Parental Behavior ..................coooviiiiiiiiiinn, 6

Chapter Two: Measurement of Executive Function ..o 7
Behavioral MEASUIES ...ttt 7
SUIVEY MEASUIES ..ottt et ettt e e e et e e e e et et e et e e e e e enaeeas 9
Consistency Between Measurement Approaches .............ooveveiiiniiniiiiiiiiiniiannans 9
Chapter Three: Executive Function and Academic Achievement .....................coeviiiininnnn 11
Chapter Four: Statement of PUIPOSE .......o.viiuiiiiii e 12
Chapter Five: HYPOtheSeS ......uiiniiii it ae e 12
Chapter SIX: MEthOdS ......o.oeie e e e e 13
PartiCIPANTS ... . e e e 13
PrOCEAUIES ...t e e e e 14
(L0 (o) 111 s B4 ) | AP 14

A8-MONth VISIE ..o 16

0-Y AT VSTt oottt 18

Chapter Seven: RESUILS ........oouiiiii e e 20
AIEON ANALYSIS weiet ettt e e 21

Data SCIEENING ...ttt e e e et 22
Control Variables ... 25
Structural Equation Modeling ............oeiii e 27
HYPOThESIS L. e 27

Hypothesis T ......ooeiieee e e e e e ee e e 30

Hypothesis TIT .....ooeeiiiiie i e 32

HYPOthESIS TV e et e ee e 33

POSt HOC ANALYSES ..oooviiiiieeet it reeiee e e e eae e e enen s 3

Chapter Eight: DISCUSSION ...eoeuviiiiiet i tteei et ettt e et e e et e e aieesen e e e e 30
HYPOLhESIS T ..o e e e e e e e e e esitestees e s e e e en 30
HYPOthesis 1 ....ooviiieee e e et et e e eveesieesneesen e eea e eee s 39
HYPOhESIS -8 ... e 39

HYPOLNESIS T= 1 oo e 40

HYPOThESIS T1-C ..o e e 4D

HYPOhESIS T oo a0l A
HYPOthESiS TV .ot eieenie e eeen e 82

POSt HOC ANALYSES ..veeuviiiiieeet ettt et reeiee e et e e e e e e e vesveenneneeeees 843



Contributions and LIimItations .......e.eeeeeee oot eee ettt et eeeeeeeens

Future Directions .......
Applications ...............
Summary and Conclus

... 43
... 44
.. 45

TOTI e e e e e e e e e e e e ———— e
RETEIEICES oo e e e e e e e

.47

45



LIST OF TABLES

Table 1. Rstudio Packages Used During ANalysis ......cccccceovviuiiririntinitiiiiieieciesee e e
Table 2. Demographics of Sample at Each Time Point ..........cccccoooooiiiii i
Table 3. Descriptive Statistics Of All MEaSUIES .....c.ccevvieiiniiniiii ittt e
Table 4. Descriptive Statistics of Normalized Measures ..........ccc.vovierieniiiiniiiniieiieeeeeeeeeen
Table 5. Correlations Between Tasks Across Time Points .........ccccccoeiviiiiiiiiiiiiiin
Table 6. CFA MOAEIS .....ooeiiiiit e e e e e et ree et e e e

20
21
23
25
26
28



LIST OF FIGURES

Figure 1. FInal CFA MoOdel .....oonviiie e e e e
Figure 2. Model of HYPOtheSIS T-b .....cvoeiii e e
. 32

.34

Figure 3. Model of Hypothesis Il-c .
Figure 4. Model of Hypothesis IV ..

Figure 5. Post Hoc Model with Only Task Measures ofEF
Figure 6. Post Hoc Model with Only Survey Measure of EF ............cccooo oo

Vi

28
31

35
36



ABSTRACT

MOMMY AND ME: HOW THE RELATIONSHIP BETWEEN MATERNAL AFFECT AND
INFANT TEMPERAMENT PREDICTS EXECUTIVE FUNCTION DEVELOPMENT AND
ACADEMIC ACHIEVEMENT.

Nina Andre
Western Carolina University (May 18, 2021)

Director: Dr. Alleyne Broomell

Infancy is a crucial period of development when children’s experiences are shaped by both their
internal traits and external circumstances. These influential factors shape the foundation of
executive function abilities that can impact future outcomes, including academic achievement.
The focus of this study was the interaction between infant temperament and maternal positive
affect predicting later executive function (EF) skills and academic achievement. Data on the
target variables were collected from 304 infants at 10-months, and subsequently at 48-months,
and 9-years, and EF was assessed using both parent report and behavioral measures. Results
indicated a significant relationship between infant negative affect and later EF, but not maternal
positive affect nor an interaction between the variables. Measures of EF did not show a
significant path from EF to math or reading achievement, but post-hoc analyses using separate
models considering only task measures of EF did support a significant path from EF to academic
achievement. Practical applications and future directions are discussed.

vii



Understanding executive function (EF) development during early childhood can provide
important insight into individuals’ current functioning and future life outcomes, including
academic achievement. Children’s cognitive development during the first year of life is impacted
by many factors, including infant temperament (Liu et al., 2018; Putnam et al., 2008) and
parental interaction (Graziano et al., 2011; Hughes & Devine, 2019), and EF as early as infancy
has been shown to predict later cognitive and academic success (e.g. Blankenship et al., 2019;
Cheng et al., 2018; Cuevas et al., 2014; Kraybill & Bell, 2013). A sample of Kindergarten
teachers noted that the factor most impacting school readiness was not academic skills, but self-
regulation abilities (Rimm-Kuafman et al., 2000). Deficits in EF have been linked with many
common pediatric disorders, including autism spectrum disorder (Schmitz et al., 2006), attention
deficit hyperactivity disorder (Shallice et al., 2002), obsessive compulsive disorder, and
Tourette’s syndrome (Watkins et al., 2005). Even within the normal range, variations in EF
abilities are predictive of later outcomes (Carlson, 2005), and is often more predictive than 1Q
alone (Duckworth & Seligman, 2005). Early identification of executive dysfunction is essential
for early intervention opportunities that can have important benefits for later life outcomes,
specifically regarding academic achievement. Research indicates that EF based interventions
may be a salient approach in reducing socioeconomic gaps in achievement levels (Zelazo &
Carlson, 2020). Therefore, further understanding of the measurement of EF abilities and the
association with academic outcomes is essential for pursuing more equitable educational
opportunities for all students.

This study employs a developmental perspective to understand factors which impact EF
development, while considering different measurements of EF, and the value of early EF in

predicting later academic achievement. Most studies on this topic have looked at internal and



environmental factors separately, and either behavioral or survey measures of EF, but relatively
few have considered all variables concurrently. The aim of this study is to address this gap and
consider the longitudinal impacts of EF measurement differences and the infant temperament-
maternal care interaction on future academic success.
Executive Function Development

An essential part of cognitive development is the emergence of EF. These abilities are the
cognitive skills which underlie the rapid social (Razza & Blair, 2009), and behavioral (Bathelt et
al., 2018) development which occurs in early childhood. EF allows children to coordinate
behavior and meet the expectations of their environments (Barkley, 2001), and can be thought of
as an air traffic control system in the brain (Center on the Developing Child, 2011). EF has been
defined in various ways throughout the literature, but essentially is the cognitive abilities that
allow individuals to plan and carry out goal-directed behavior. Most conceptions of EF include
the separate but related aspects of inhibition, working memory, and cognitive flexibility
(Diamond, 2013; Miyake et al., 2000). Inhibitory control is the individual’s ability to regulate
their actions and reactions, and not act based solely on impulse and environmental cues. It is a
difficult skill for young children and continues to develop through adolescence. Working
memory is holding information in immediate consciousness and manipulating it as needed.
Working memory and inhibitory control typically function simultaneously and both are needed
to support each other. Basic working memory develops in infancy, but the ability to reorder
conscious information is much slower to develop. Cognitive flexibility builds upon the other
skills, but develops later in life. It is being able to consider different perspectives, adapt to
changing circumstances, and develop new solutions when others have been unsuccessful

(Diamond, 2013). Although each aspect of EF is distinct, factor analysis reveals a moderate



correlation between the elements (Miyake et al., 2000). EF in early childhood is less diverse than
in adults and strongly relates to one underlying factor (Wiebe et al., 2011).

According to the Cognitive Complexity and Control theory, EF develops naturally with
age-related increases in children's ability to understand and apply complex rules in completing
tasks and solving problems (Zelazo et al., 2003). Although much research has focused on the
prefrontal cortex (PFC) as a region that develops later in adolescence, there is substantial support
that PFC development is especially impacted by experiences in early life (Hodel, 2018; Carlson,
2005). PFC development, which underlies EF increases, begins in infancy (Hodel, 2018) and
indicates a rapid increase in EF abilities from 2 to 5 years (Nelson et al., 2008). Neuroimaging
also suggests that the neural architecture of EF is established in childhood and functions in the
frontoparietal and cingulo-opercular networks similarly to those in adults (Engelhardt et al.,
2019). Developing precursory skills of selective attention, evaluating information to make
decisions, and resisting impulsive decisions is facilitated by experiences and opportunities to
practice. Infants are born with genetic potential to develop EF skills, but it is through their
interactions with the environment throughout development that this occurs and gene expression
is determined (Grossman et al., 2003). Both internal and external factors impact the child’s
experiences in their world.

Factors That Impact Executive Function Development
Infant temperament

One internal factor which impacts a child’s development of EF skills is infant temperament
(Wolfe & Bell, 2007). Infant’s temperament both impacts and is impacted by daily interactions
with the environment (Rothbart et al., 2000). Temperament is a child’s typical style of reaction to

stimuli in the environment. The trait is largely biologically based and shows stability through



infancy (Bornstein et al., 2015). Thus, it is a useful intrinsic factor to consider in the
development of EF in early life. Infant temperament has been measured in various ways
throughout the literature. Early conceptions included dimensions such as activity level, intensity,
and adaptability (Thomas & Chess, 1977), but these original structures have now been updated
using new psychometric approaches (Rothbart, 2007). Perhaps the most widely used modern
assessment is the Infant Behavior Questionnaire (IBQ) developed by Rothbart (1981). The IBQ
is a parent report form in which parents are asked to report the typical responses of their infant
on 94 questions. These questions are then split into six scales: Activity Level, Smiling and
Laughter, Fear, Distress to Limitations, Duration of Orienting, and Soothability. These scales
have been further broken down into a three-factor model of infant temperament, which includes
two reactive dimensions and one regulatory dimension (Rothbart et al., 2013). Each of these
factors may be differentially associated with EF, although few studies have been completed in
the area and results are varied (Conway & Stifter, 2012; Suor et al., 2019; Wolfe & Bell, 2007).
The first of the reactive dimensions, negative affectivity, includes measures of fear,
discomfort, and frustration. Studies have consistently supported the negative association between
negative affectivity and measures of cognitive functioning (Liu et al., 2018; Putnam et al., 2008).
Extraversion/surgency, which includes positive emotionality, high levels of approach and
intensity pleasure, and low levels of shyness, impulsivity, and affiliation, has been less
consistently associated with cognitive outcomes. Frick and colleagues (2018) found that
surgency in infancy was associated with global EF at 18 months, but had no unique contribution
to the global EF measure when also considering sustained attention. Although there was an
association, it was likely due to an overlap in the measurement of surgency and attention, which

is related to early EF. There is a positive relationship between infant surgency and toddler



effortful control, but a negative relationship between toddler surgency and effortful control
(Putnam et al., 2008). The complexity and at times inconsistency in the research on the
relationship between temperament and cognition further strengthens the likelihood of other
factors that may impact the relationship between infant temperament and EF. Therefore it is
essential to consider multiple predictors of EF development, especially external factors which
could serve as an intervention point for improving EF abilities, such as early parental interaction.
Maternal positive affect

For many children, maternal relationships are the primary source of interaction during
infancy and early childhood and have an impact on later EF (Valcan et al., 2018). Many
parenting behaviors could have potential impacts on later EF, including scaffolding, stimulation,
control, and sensitivity/responsiveness (Fay-Stammbach et al., 2014). The parent behavior
considered in this study was maternal positive affect, measured by observing interactions
between the mother and infant, specifically focusing on her vocal affect and facial expressions.
Defined in this way, maternal positive affect has been found to be related to later EF. Maternal
positive affect during infancy was shown as a predictor of EF at 4 and 6 years by Kraybill and
Bell in 2013. Another 2017 study by Swingler, Perry, Calkins, and Bell further supported the
association. The study found a direct and positive relationship between maternal affect at 5-
months and EF at 10-months, and an inverse relationship between maternal intrusiveness and EF.
The connection between parental responsiveness and positivity with EF may be due to maternal
sensitivity’s role in a child developing secure attachment and is thought to improve regulatory
control (Fay-Stammbach et al., 2014). The current work will extend these findings by
considering the interaction between infant temperament and maternal positive affect as a

predictor of later EF.



Infant temperament and parental behavior

Recent research supports the interaction of multiple variables in development, and it is
essential to apply this approach in understanding infant predictors of EF. One such interaction
occurs between infant temperament and parenting, which then impacts the formation of self-
regulation a concept related to EF. Specifically, researchers have found that children high in
negative affectivity were low in self-regulation when they were in relationships with low
responsiveness, but high in self-regulation in highly responsive relationships (Kim & Kochanska,
2012). Results of another study indicated that children with more negative temperaments are
more impacted by maternal behaviors than children with less difficult temperaments (Rochette &
Bernier, 2016). Those with difficult temperament at age 1, who experienced negative or hostile
maternal interactions, did worse on measures of impulse control at age 3, but those who
experienced positive maternal interaction performed best (Rochette & Bernier, 2016). This
finding aligns with the differential susceptibility theory, which proposes that some individuals
are not only more susceptible to the effects of negative experiences, but also to the effects of
positive experiences (Belsky & Pleuss, 2009). The differences that increase an individual’s
susceptibility to outside influences include temperamental characteristics, physiological
differences, and genetic differences (Belsky & Pleuss, 2009). Rochette and Bernier included
many measures of EF in their investigation into the differential impact of maternal interactions
on children with difficult temperaments, and found these children were more susceptible to the
impact of positive caregiving in developing the impulse control aspect of EF, but not conflict EF.

These results highlight the nuance of measuring EF and potential differences in the



developmental trajectory of different aspects of EF. In order to understand the impacts of other
factors on the development of EF, there must be valid and consistent ways to measure EF.
Measurement of Executive Function

In considering EF as a potential area for intervention to improve children’s life outcomes,
it is imperative to verify a reliable measurement of the construct. Since EF is a complicated
system of interrelated skills, one primary challenge is in measuring these abilities in children.
Measures of EF have to be adapted according to the age of the child to match their
developmental level. For example, a preschool child may not be able to correctly count groups of
objects, an ability required for the Stroop Number task, but most are familiar with the concepts of
day and night. Researchers are then able to evaluate the same underlying ability of inhibiting an
automatic response by asking children to say day when shown a card depicting a night sky
(Montgomery & Koeltzow, 2010). When conducting longitudinal research with EF it is
important to consider the impact of different measurement approaches being employed (Carlson,
2005). The two primary approaches used in measuring EF is through behavioral tasks and rating
scales. These differential measurement tactics can have both shared and unique influences when
predicting later outcomes (Dekker et al., 2017).
Behavioral Measures

Behavioral EF measures are typically neurocognitive tasks originally designed for adults
that have been adapted for use in childhood, although some have been specifically designed for
the developmental level of children (Carlson, 2005). One measure developed for infants is the A-
not-B task. In this task a child must attend to the cues of the researcher when their name is called,
remember which cup the ball was placed underneath, and suppress competing stimulus from past

trials and the environment (Piaget, 1954). To correctly complete these steps infants must have



developed some degree of working memory, inhibition, and attention. Children at 7 months have
difficulty inhibiting their response towards a previously correct location, while at 12-months old
most children are successful (Diamond, 1990; Diamond et al., 1997).

Although young children are not able to complete the original Stroop tests which require
inhibiting automatic responses to numerical or lexical stimuli, several Stroop like tasks have
been developed for use with children. One of these is the Day/Night task during which a child
responds to a card with a picture of sun by saying night. While less than half of all three-year-
olds can complete the task successfully, 80% of 5-year olds are successful, illustrating the
development of EF skills which occurs during this period (Montgomery & Koeltzow, 2010).
Another well-known child adaptation is the Dimension Change Card Sort (DCCS) task, where
children are asked to sort cards according to a specific rule, then another rule, then sort some
cards according to one rule and other cards according to another (Zelazo, 2006). These tests
primarily measure inhibitory aspects of EF similarly to their counterparts, the Number Stroop
and the Wisconsin Card Sort Task (WCST). The Number Stroop task requires an individual to
inhibit the automatic response to respond to switching rules in counting letters and numbers,
while the WCST is a card sort in which the rules of sorting change. Like the DCCS, the WCST
requires the individual to flexibly switch between rules when sorting cards.

Behavioral measures like those discussed above are commonly used measures of EF
when considering its impact on other outcomes, including academic achievement (Cortés Pascual
et al., 2019). Clearly this approach has many benefits, including the ability to evaluate specific
aspects of EF and be completed in controlled laboratory settings. The laboratory setting allows
researchers to minimize experimenter bias and evaluate performance using clearly defined

procedures. As with many tasks completed in laboratories, there are downfalls regarding the



ecological validity of these measures (Miranda et al., 2015). Children may be reluctant to engage
in an unfamiliar setting and the highly structured environment may not match their typical life.
Survey Measures

Another approach to measuring EF in childhood is through rating scales completed by the
caregiver. A common rating scale used with children is the Behavior Rating Inventory of
Executive Function (BRIEF) and the preschool version the Behavior Rating Inventory of
Executive Function (BRIEF-P). The BRIEF provides two specific indexes, Behavior Regulation
and Metacognition, as well as a Global Executive Composite (Gioia et al., 2000b). The BRIEF-P
also provides three specific indexes, Inhibitory Self-Control, Flexibility, and Emergent
Metacognition, and the Global Executive Composite (Gioia et al., 2000a).

Survey measures provide the unique benefit of allowing individuals who commonly
interact with the child and know them well to report their abilities. Weaknesses of the approach
include concerns with construct validity, with some studies showing that survey measures of EF
may actually measure goal pursuit (Toplak et al., 2013) or externalizing behaviors (Spiegel et al.,
2017). Parents may also have a different perspective of their child’s EF abilities than a teacher,
due to the differential expectations of the environments. Although these scales are commonly
used and strongly related to measures of behavioral disruption, scores on these behavior rating
inventories are not always correlated with task measures of EF (Mcauley et al., 2010; Toplak et
al., 2013).

Consistency Between Measurement Approaches

Both performance-based tests and EF rating scales are accepted approaches for

measuring EF, but as mentioned above, correlations between these approaches are often low.

Mcauley and colleagues (2010), found that in a population of 6-15 year olds, scores on the



BRIEF Behavior Regulation Index and Metacognition Index were not related to task measures of
inhibition, monitoring, or working memory. In contrast, the BRIEF scores were related to ratings
of impairment and disruptive behavior from parents and teachers. This raises the question of if
the BRIEF is truly measuring EF (Mcauley et al., 2010). Another study which compared
performance-based tests and rating scales analyzed the associations of the different measures
with ADHD symptoms and reading achievement (Miranda et al., 2015). Overall they found
moderate correlations between the measures of EF, dependent on the specific domain, and both
measures were predictive of ADHD symptoms and reading achievement. Specifically, the
BRIEF explained more variance in ADHD ratings, while task measures were better predictors of
reading achievement (Miranda et al., 2015). Yet another study found that when considering
performance measures of EF in predicting math outcomes, parent and teacher ratings did not
explain any additional variance beyond the performance measures, and only the performance
measure and teacher report were uniquely predictive of spelling ability (Dekker et al., 2017). A
2013 meta-analysis considered 20 studies which used both performance-based and rating scale
measures of EF. They found that only 24% of the correlations between measures in these studies
were significant, and of those that were significant the median correlation was .19 (Toplak et al.,
2013). Based on these findings, the authors conclude that performance measures may be more
related to cognitive efficiency, whereas rating scales provide a more nuanced perspective on an
individual’s ability to apply EF skills to meet goals (Toplak et al., 2013). A recent study
considered both performance test and rating scales measures of EF and academic achievement,
completed by multiple informants. Researchers found a modest correlation between the EF
measurements approaches (r=.30). Test measures of EF showed significantly higher predictive

validity with both rating scale and test measures of academic achievement, although survey
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measures also uniquely predicted academic achievement (Soto et al., 2020). The current study
will use a data-driven approach to determine which behavioral and rating scale measures load
onto a latent factor of EF. Using confirmatory factor analysis provides a more complete context
to understand the shared and unique variances among constructs with the goal to better predict
academic achievement (Karr et al., 2018).
Executive Function and Academic Achievement

EF skills are essential for academic success, these abilities allow students to attend to
academic tasks, follow teacher directions, and behave appropriately in the classroom. Since EF
begins developing in infancy and can be measured starting at an early age, it serves as an early
indicator of future academic competence and target for interventions. The potential influence of
EF on academic achievement is a current focus in the fields of education and psychology alike
(Best et al., 2011; Monette et al., 2011; Willoughby et al. 2017). Recent meta-analyses reported
moderate associations between EF and academic achievement (Allan et al., 2014; Cortes Pascual
et al., 2019; Jacob & Parkinson, 2015). Although there appears to be some relationship between
EF and academic success, the relationship between EF in infancy and early childhood and
academic performance in middle childhood is less clear. An analysis of a large representative
sample of kindergarteners found EF significantly predicted reading, math, and science
achievement in second grade (Morgan et al., 2019). A recent review article highlights the
importance of EF skills for academic achievement, especially in math, and that EF skill training
interventions have the potential to prepare students for academic success, especially those from a
disadvantaged background (Zelazo & Carlson, 2020). Prior research on the dataset used for the
current project has established the relationship between negative affectivity at age 2 and reading

and math achievement at age six, moderated by EF at age 4 (Liu et al., 2018), as well as the
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relationship between EF and reading abilities at age six (Blankenship et al., 2019). The current
study aims to extend this prior work and further understand the impacts of prior measures of EF,
beginning in infancy, on academic achievement at age 9.

When considering the relationship between EF and academic achievement it is also
important to consider the impact of verbal ability. Fuhs and Day’s (2011) work with preschoolers
showed verbal ability to be a prerequisite of EF development and supported a correlation
between the development of the two areas. By considering EF and verbal ability independently
when predicting academic achievement, we are able to better understand the impact of each
variable.

Statement of Purpose

Itis clear that EF is a complex conglomeration of cognitive abilities which develops
beginning in infancy and through early childhood. There are both internal and external factors
which are related with the development of these abilities. Different measurement approaches can
also contribute differentially to an overall understanding of the EF abilities, and how they relate
to academic achievement. The aim of the current study is to identify factors in infancy that
influence latent factors of later EF and academic achievement, to ultimately identify areas for
intervention with the potential to improve academic achievement.

Hypotheses (see Figures 1-6)
l. Some measures of EF at 10 months, 48 months, and 9 years will load onto a latent
factor.
1. The main effect of infant temperament and maternal positive affect, (MPA) as well as
prior measures of EF, will predict EF at each time point. The impact of infant

temperament and MPA will decrease over time.
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a. Temperament and MPA at 10 months will predict EF at 10 months.
b. EF, temperament and MPA at 10 months, will predict EF abilities at 48 months.
c. Prior measures of EF, and temperament and MPA at 10 months, will predict EF
abilities at 9 years.
I11.  The interaction between temperament and maternal positive affect will impact EF at
10 months.
a. Infants with easy or difficult temperaments, who experience high levels of
maternal positive affect will have higher EF scores.
b. Infants with easy or difficult temperaments, who experience low levels of
maternal positive affect will have lower EF scores.
IV.  EF and verbal ability at 48 months and 9 years will predict the relationship between
EF at 10 months and academic achievement at 9 years.
Method
Participants
Participants were recruited as part of projects conducted by the Cognitive, Affect, and
Psychophysiology Lab at Virginia Tech as well as a satellite recruitment location at the
University of North Carolina at Greensboro. The sample included 304 infants (153 girls), who
were recruited at 5 months. This sample includes only 2 of the 3 cohorts, as the first did not
complete a 9 year follow up. All infants included in the study were healthy at the time of
recruitment. On a demographics survey completed at the initial evaluation, 18% of children were
reported to be Black/African American, 73% White, .03% Asian, 8% Other/multiracial, and 1%
did not respond. Mother’s education levels varied, 3% did not finish high school, 29% had a high

school diploma, 45% had a bachelors or technical degree, and 21% had a graduate degree. At 9
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years parents reported that 8 of the children had a developmental delay. These children were
included in the sample to reflect the diversity of the population. Each child was assessed at 5, 10,
24 and 48 months as well as 6 and 9 years. Only the 10 month, 48 month, and 9 year data will be
included in this study. A total of 233 children returned at 24 months, 202 at 48 months, and 167
at 9 years, which is a typical attrition rate for longitudinal studies of this type.
Procedures

Procedures were consistent between the two collection sites. Mothers and children came
into the lab and after an explanation of the procedures consent was obtained from the parent. The
parent also completed a general demographic survey when they arrived at 5 months.
Ten month visit

Maternal positive affect. Behaviors were coded during two interactions between the
mother and child. First, a two minute free play task where mothers were asked to play typically
with their infant sitting in a high chair, using the two toys provided was completed. Next, with
the child still in the high chair, they were asked to play a structured game of peek-a-boo using
their hands or a cloth. Interactions were coded in 30 second intervals for the mother’s facial
expressivity, specifically smiling, and vocal affect. The coding system was based on the work of
Calkins and colleagues (2004). A score of 1 was given if there was no evidence of positive
emotion, while a score of 4 indicated high levels of positive emotion exhibited, including
laughing. Ratings were completed from video recordings by trained research assistants. A
secondary observer coded 20% of interactions with toys and 30% of interactions while playing
peek-a-boo to confirm the coding reliability. The Interclass Correlation Coefficient (ICC) was

calculated to be .82 and .90 respectively.
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Infant temperament. Infant temperament was measured by the Infant Behavioral
Questionnaire- Revised (IBQ-R; Gartstein & Rothbart, 2003). Mothers completed this survey
which measured their perception of their infant’s temperament during the past two weeks.
Responses were indicated on a 7-point Likert scale, from never (1) to always (7). The scores on
the questionnaires are split into 14 subscales; activity level, distress to limitations, fear, orienting,
smiling and laughing, high pleasure, low pleasure, soothability, falling reactivity, cuddliness,
perceptual sensitivity, sadness, approachability, and vocal reactivity. These scales are split into
three main factors; surgency/extraversion, negative affectivity, and orienting/regulation. Internal
reliability of all subscales was acceptable (0.70 — 0.90) in a sample of infants 3 to 9 months
(Gartstein & Rothbart, 2003). There was also moderate evidence of discriminant validity
between subscales and convergent validity with observed measures of temperament (Parade &
Leerkes, 2008).

A-not B-task. Infant inhibition and working memory was measured using the A-not-B
behavioral task (Clearfield et al., 2006; Diamond, 2001). The child sat in the mother’s lap across
from the researcher who showed them a toy and then placed it under a cup. The researcher then
distracted the child by snapping, and then would say the child’s name and ask, “Where’s the
toy?”. The eye movement of the child was coded as correct or incorrect according to the cup they
looked towards and immediate verbal feedback was given. After the child completed two correct
trials, the toy was switched and hidden under the opposite cup and the distraction procedure was
lengthened to two seconds. A secondary observer coded 24% of interactions to confirm the
coding reliability and the ICC was calculated to be .97.

Puppet task. The ability to regulate attention was measured using the Puppet task. The

task is based on the premise that children with less developed executive abilities will take longer
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to disengage their fixation from an object or inhibit and shift their attention to other objects
(Frick et al., 1999). Infants were seated across from the examiner and shown either a red or grey
glove. The glove was worn by the researcher and had a painted face and objects dangling from it.
The duration, number of looks, and longest look at each of the puppets was recorded. Coding of
each variable was completed from video recordings by trained research assistants. A secondary
observer coded 20% of interactions to confirm the coding reliability and the ICC was calculated
to be .94.
48 month visit

BRIEF- P. When children returned at age four, parents were asked to complete the
Behavior Rating Inventory of Executive Function Preschool Version (BRIEF- P). This measure
assesses the executive function skills the parents observe their children exhibiting during day to
day interactions. There are five major scales derived from the 63 Likert style questions; Inhibit,
Shift, Emotional Control, Working Memory, and Plan/Organize. The scales are further combined
to create three primary indexes, Inhibitory Self-Control Index (ISCI), Flexibility Index (FI), and
Emergent Metacognition Index (EMI). The ISCI is made up of the inhibit scale, which measures
the child’s ability to control impulses and behavior, and the emotional control scale, which
measures appropriate emotional responses to situations. The FI is made up of the shift scale,
which measures the child’s ability to solve problems flexibly, and the previously described
emotional control scale. The EMI is made up of the working memory scale, which measures the
child’s ability to hold information in their consciousness to complete a task, and the
plan/organize scales, which measure the ability to anticipate future events and implement steps
ahead to complete a task. A Global Executive Composite (GEC) score is also produced. Scores

on the BRIEF-P are interpreted so that a lower score indicates greater EF ability, while a higher
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score indicates potential dysfunction. As of 2019, the BRIEF-P has been used in 250 studies
published in peer-reviewed journals, which attests to its validity in measuring EF in preschool
aged children (Greene et al., 2019). The measure demonstrates high internal consistency for
parent reports (.80 - .95) and moderate test-retest reliability (.78 - .90). It also exhibits
convergent and discriminant validity with other clinical symptom measures (Gioia et al., 2000a).

Day/night task. This Stroop like task was used as a measure of inhibitory control
(Gerstadt et al., 1994). During the Day/night task children were seated facing the tester and told
they would be playing a silly game. The child was shown cards with either a moon and stars on a
dark background or a sun on a light background. The experimenter instructed the child that when
they saw the moon they should say “day”, and when they saw the sun they should say “night.”
After the correct completion of two practice trials, the child was presented with 16 cards and the
proportion of correct trials were recorded. The few studies which have considered the reliability
of this task have found that it exhibits internal (Chasiotis et al., 2006; Rhoades et al., 2009) and
test-retest reliability (Thorell & Wahlstedt, 2006). ICC was calculated for 20% of the sample and
was .96.

DCCS. The Dimensional Change Card Sort (DCCS) task was used as a measure of
cognitive flexibility. It requires the child to sort cards by one specific dimension and then
another, which is incompatible with the first. Children began in the pre- and post- switch
conditions, if they correctly completed 5 of the 6 post-switch trials they were also asked to
complete the borders condition. In the first trials the experimenter presented the child with 7
cards with a red or blue car or flower. The child was instructed to sort the cards by a shape or
color, after they mastered the first rule they were told the rules were changed and they needed to

sort by the opposite aspect. During the borders trial, children were given 12 cards and told to sort
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those with a border according to one dimension, but those without a border according to a
different dimension. The proportion of correct trials were recorded. The task was used in over
150 studies from 1995-2015 and has been used widely as a measure of EF from ages 3-5 (Doebel
& Zelazo, 2015). ICC was calculated for 19% of trials and was 1.00.

PPVT. The Peabody Picture Vocabulary Test (PPVT) is a short measure of a child’s
receptive vocabulary. The experimenter sat across the table from the child and spoke a word
while revealing a page on the stimulus book. The child had to correctly identify which picture
represents the word. Standard scores are derived based on the number of correct answers the
child provided and their age. The age based internal consistency of the PPVVT-4 for Form A is .89
- .97, alternate form reliability is .87 - .93, and test-retest reliability was .87 - .93 (Pearson,
2007).
9-Year visit

BRIEF 2. When the child returned at 9, parents were asked to complete the Behavior
Rating Inventory of Executive Function, Second Edition. Similar to the BRIEF-P, the BRIEF
assesses the executive function skills the parents observe their children exhibiting during day to
day interactions. Scores on this version are separated into eight scales; Inhibit, Shift, Emotional
Control, Initiate, Working Memory, Plan/Organize, Organization of Materials, and Monitor.
These specific scales form the Behavioral Regulation Index (BRI) and Metacognition Index (M)
and from a sum of these two indices the Global Executive Composite (GEC) is derived. The BRI
is made up of the Inhibit scale, which measures inhibitory control and impulsivity, the Shift
scale, which measures the ability to move from one problem to another as needed, and the
Emotional control scale, which measures the ability control emotional responses. The Ml is

made up of the Initiate scale, which measures the ability to begin a task and independently
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generate responses, the Working Memory scale, which measures the ability to hold information
and apply it to complete a task, the Plan/Organize scale, which measures the ability to anticipate
future events and implement steps ahead to complete a task, the Organization of Materials scale,
which measures orderliness of play, work, and storage space, and the Monitor scale, which
measures task monitoring and self-monitoring. The same scoring procedures followed in
interpreting the BRIEF-P were followed in the interpretation of the BRIEF. The BRIEF has
established convergent and divergent validity, as well as high internal consistency (0.8 — 0.98)
and test-retest reliability on the parent form (0.82; Gioia, 2000).

Number Stroop. The child was seated in front of the computer and followed directions
given by the experimenter. The task began by asking the child to count and enter the number of
letters on the screen using the number key on a keyboard. After two practice trials, the child was
instructed to “go as fast as you can, but get as many right as you can.” In the next condition the
child was told there would now be numbers on the screen, but all other rules remained the same.
Two practice trials were again given. In the mixed condition the child was presented with both
numbers and letters on the screen, but instructed to only count the number of digits. Reaction
time during the mixed condition was recorded. Relatively few studies using computerized Stroop
tests report reliability and validity data, but a recent meta-analysis supported the reliability and
validity of this approach (Din & Tat Meng, 2019).

WCST. The Wisconsin Card Sort Task (WCST) was also administered on a computer.
The child was presented with 64 cards and instructed to sort according to either color, shape, or
number. The experimenter informed the child that the computer would alert them to whether

cards were sorted correctly or incorrectly. The child was then instructed to correctly sort the
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cards as quickly as possible, being unaware that the sorting rule changed many times throughout
the task.

WJ Achievement. Subtests of the Woodcock Johnson Test of Achievement Third
Edition (WJ- Ach) were administered to measure academic performance. Reading performance
was measured with the Reading Fluency and Passage Comprehension subtests. Mathematics
performance was measured with the Calculation and Math Fluency subtests. Scores on the Math
and Reading subtests were entered as raw scores into a latent variable which considers academic
ability and fluency. A literature review on the test found the reliability and validity to be
acceptable and supported its use (Abu-Hamour et al., 2012).

PPVT. Same as above.

Results

All analyses were performed in RStudio Version 1.2.5033 using the following packages

from May 2020 to May 2021.

Table 1
RStudio packages used during analysis

Package Description

haven (Wickham & Miller, 2020) Import SAS data file

lavaan (Rosseel, 2012) All structural equation modeling

psych (Revelle, 2019) Descriptive statistics and moderated
regression analysis

readex! (Wickham & Bryan, 2019) Import Excel data file

tidyverse (Wickham et al., 2019) Attrition analysis.

dplyr (Wickham et al., 2020) Attrition analysis and correlations.

Hmisc (Harrel et al., 2020) Create boxplots to visualize outliers and
correlation tables.
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Attrition Analysis

Two-hundred and fifty-eight infants took part in 10-month visit. There was 35% attrition
from the 10-month visit to the 48-month visit and another 9% did not return to the study at 9-
years. There was an overall attrition rate of 43% from the 10-month visit to the 9-year visit. The
most widely reported reason for not returning to the study was moving away. To investigate the
systemic differences between those children who remained in the study and those who did not,
the sex, race, and maternal education levels were compared (Table 1). | was unable to run
Little’s Missing Completely at Random test because the package is no longer available through

R, but percentage representation of each group stayed fairly consistent at all ages.
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Table 2

Demographics of sample at each time point

10 months 48 months 9 years
Boys 131 (51%) 93 (51%) 89 (53%)
African American/ 38 (15%) 31 (17%) 32 (19%)
Black
White 200 (78%) 139 (76%) 120 (72%)
Other 11 (4%) 6 (3%) 9 (5%)
Multiracial 7 (3%) 4 (2%) 4 (2%)
Did not report race 2 (1%) 2 (1%) 2 (1%)
Mother did not finish 6 (2%) 4 (2%) 5 (3%)
high school
Mother finished high 65 (25%) 46 (25%) 43 (26%)
school
Mother finished 124 (48%) 85 (47%) 78 (47%)
college or technical
school
Mother finished 57 (22%) 41 (23%) 36 (22%)
graduate degree
Mother did not report 6 (2%) 6 (3%) 5 (3%)
education
N 258 182 167

Data Screening

Scores which were more than three standard deviations from the mean were identified by
running boxplots for each variable, and determined to be true representation of children’s
responses. Skewness and kurtosis was calculated to determine the normality of all variables
(Table 2). Responses on the Surgency scale of the IBQ completed by parents at 10 months was

slightly more skewed (skew = 2.18) than the conventional accepted value. A log transformation
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of the variable was attempted, but significantly increased the leptokurtosis; therefore the original
variable was retained.

Although the skew and kurtosis was within acceptable ranges, some problems emerged
during analyses due to the vast differences in the standard deviations of variables. To address this
challenge, the Stroop, WCST, BRIEF-P ISCI, BRIEF-P FI, BRIEF-P EMI, BRIEF Behavior
Regulation, and BRIEF Metacognition variables were transformed. All above variables were set
on a similar scale using the POMS method, which is recommended as an alternative to
standardization appropriate to be used in longitudinal work (Moeller, 2015). Descriptive
statistics of normalized variables are reported below (Table 3). Transformed variables were used

for all analyses.
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Table 3
Descriptive statistics of all measures
N Min Max Mean (SD) Kurtosis Skewness

A-not-B 269 0 9 3.77 1.55 0.15 0.46
Puppet 265 153  22.86 7.63 3.75 1.55 1.22
10 month MPA Boo 266 1.67 4 2.88 0.6 -0.76 0.28
measures
MPA Toys 266 1 4 2.46 0.53 0.2 0.55
Negative 267 1.9 5.09 3.45 0.6 0.05 -0.16
Affectivity
Surgency 267 2.36 6.56 5.29 0.56 2.18 -0.66
Day/Night 173 0 1 0.75 0.19 0.90 -0.76
DCCS post- 202 0 1 0.56 046  -1.84 -0.23
switch
DCCS 105 0.33 1 0.56 0.15 1.60 1.43
48 month borders
Measureés  ppiEF-PFI 216 35 86 50.32  9.84 0.54 0.78
BRIE-PEMI 216 36 88 53.76  11.33  -0.89 0.31
BRIEF-P 216 34 90 52.49 10.85  0.01 0.58
ISCI
BRIEF-P 216 34 92 52.86 11.26 -0.34 0.45
GEC
Stroop 163 1234.18 4298.0 2290.64 590.56  0.03 0.63
WCST 166 20 80 50.54 1475 -0.51 0.56
dyear golEFBRI 205 35 84 51.28 1040  0.15 0.71
measures
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BRIEF MlI 205 31 80 52.34 10.36 -0.36 0.38

BRIEF GEC 205 32 83 52.05 10.22 0.04 0.52
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Table 4
Descriptive statistics of normalized measures

N Min Max Mean (SD) Kurtosis Skewness

BRIEF-P FI 216 0 1 0.3 0.2 0.45 0.77

48 month
BRIEF-P 216 0 1 0.34 0.2 -0.15 0.51
ISCI
Stroop 163 0 1 0.34 0.19 0.03 0.63
WCST 166 0 1 0.51 0.25 -0.51 0.56
BRIEF BRI 205 0 1 0.33 0.22 0.18 0.73

9 year
measures  BRIEF Ml 205 0 1 0.39 0.23 -0.5 0.36

Control Variables

In order to consider the true effects of the variables of interest of EF, the correlations
between the EF scores, and maternal education, and sex were examined (Table 5). Sex was
significantly negatively correlated with the BRIEF-P scales of ISCI and EMI, as well as the
BRIEF MI and BR indexes. This indicates that mothers reported a greater degree of executive
dysfunction in boys. As this correlation did not appear in the task measures of EF, this may be
due to gendered expectations of children reflected in the self-report. Maternal education was only
related to DCCS, so will not be used in analyses. PPVT at 48 months was correlated with 48
month measures of DCCS and the ISCI and FI scales of the BRIEF-P. It was also related to the
Stroop test, and the BR index of the BRIEF at age 9. PPVT at 9 years was correlated with DCCS
and the Stroop test. PPV/T variables will be used in analyses predicting academic achievement to

isolate the impacts of EF. Sex will be used as a control in all further analyses.
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Info

10 month
tasks

48 moth

tasks

9 year

tasks

Table 5
Correlations between tasks across time points.

Basic Info 10 month tasks 48 month
Sex Mom’s A-not- Puppet | Day/ DCCS DCCS PPVT ISCI Fl EMI Stroop WCST PPVT BRI MCI
Education | B Night  pre- post-
switch switch
(border)
Sex 1
Mom’s -0.11 1
Education
A-not-B 0.07 0.07 1
Puppet 0.01 0.05 0.16** 1
Day/Night | -0.02 0.04 -0.11 0.08 1
DCCS -0.03 0.08 -0.10 -0.04 0.14 1
pre-switch
(border)
DCCsS 0.06 0.34** 0.09 0.06 0.05 -0.04 1
post-
switch
PPVT 0.02 0.41** 0.03 0.02 0.08 0.33** 0.47** 1
ISCI -0.16* -0.06 -0.10 0.00 -0.10 0.10 -0.15* -0.15* 1
FI 0.00 -0.01 -0.11 -0.04 -0.05 0.06 -0.18* -0.17* 0.78** 1
EMI -0.14* -0.13 -0.06 -0.06 -0.04  0.02 -0.13 -0.13 0.79** 0.66** 1
Stroop 0.03 -0.12 -0.15 0.05 0.07 0.10 -0.33**  -0.26**  -0.06 -0.01 -0.01 1
WCST 0.10 0.03 0.13 0.10 0.07 0.03 -0.02 0.00 -0.06 -0.07 -0.06 -0.04 1
PPVT -0.19* 0.35** 0.02 -0.06 0.12 0.25* 0.34** 0.55** -0.04 -0.07 -0.07 -0.16* 0.10 1
BRI -0.22**  -0.04 -0.09 -0.08 -0.01  0.02 -0.12 -0.19* 0.55**  0.50** 0.42** | -0.04 -0.05 -0.05 1
MCI -0.28**  -0.11 -0.02 -0.01 0.01 -0.01 -0.18 -0.12 0.50** 0.37** 0.52** | 0.03 0.05 0.01 0.71%* 1

Note. * p<.05, ** p<.01
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Structural Equation Modeling (SEM)

SEM combines the statistical methods of factor analysis and multiple regression analyses
to analyze specific structural relationships. It is the preferred method to be used with longitudinal
data because latent constructs can be considered over time. SEM is also useful in conceptualizing
factors like EF which cannot be accurately measured using one simple task (MacCallum &
Austin, 2000). This approach is superior to creating aggregate measures of EF based on all tasks
at an age point, as not all tasks will equally contribute to the overall measure and variance may
be shared among some measures (MacCallum & Austin, 2000).

Hypothesis I: Some measures of EF at 10 months, 48 months, and 9 years will load onto a latent
factor.

Model 1. A model including all EF measures at each age did not converge after 3861
iterations.

10 Month Measures. A-not-B task and Puppet task
48 Month Measures. Day/Night task, DCCS, ISCI, FI, and EMI
9 Year Measures. Stroop task, WCST, BRI, and Ml

Model 2. The Day/Night and DCSS border prop task at 48 months and the WCST and
Stroop tasks at 9 years were not correlated with any other EF variables, so were removed from
the model to improve the fit. This model fit better (x2= 40.89, df = 17, p = .001, RMSEA = 0.07,
CFI = 0.96), but not all factor loadings were significant.

Model 3. Modification indices suggested allowing the BRIEF EMI variable at 48 months
to covary with the BRIEF Ml variable at 9 years. This aligns theoretically both are measures of
metacognition at different ages. This improved model fit (x2 = 19.90, df = 16, p = .225, RMSEA

=0.03, CFI = .99), but the 10 month factor loading was still not significant.
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Model 4. The Puppet task was removed to improve the factor loading of the 10 month

variable. It is surprising that the tasks are not significant together, because they were correlated.

This change slightly decreased overall model fit (x? = 15.24, df = 11, p = .000, RMSEA = 0.04,

CFI = .99).

Model 5. The A-not-B task was removed to eliminate issues associated with the 10 month

measures. The overall model fit slightly improved (x2 = 12.29, df = 7, p = .092, RMSEA = 0.05,

CFI = .99; Table 5, Figure 1). The measures of EF at 48 months included in the final model are

the BRIEF-P FI, EMI, and ISCI, as well as the post switch condition of the DCCS task. The

measures of EF at 9 years included in the final model are the BRIEF M1 and BRI.

[
041+
EF 48 EF 9
months years
DCCS EMI MI BRI
FI ISCI -

Figure 1. Model 5 final CFA model with standardized coefficients.
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Table 6

CFA models.
Model 1 CFA
Did not converge
Model 2 CFA
B SE b p
10 month tasks
A-not-B 1.00
Puppet 1.17 2.25 0.52 .601
48 month tasks
ISCI 1.00
Fl 0.85 0.05 16.36 .000
EMI 0.95 0.06 16.67 .000
DCCS post-
switch -0.40 0.18 -2.28 .022
9 year tasks
MCI 1.00
BRI 1.03 0.12 8.91 .000
Fit x%=40.89, df = 17, p = .001, RMSEA = 0.07, CFI = 0.96
Model 3 CFA

10 month tasks

48 month tasks

9 year tasks

B SE b p

A-not-B 1.00

Puppet 1.18 2.14 0.55 582
ISCI 1.00

FI 0.86 0.05 16.17 .000
EMI 0.95 0.06 16.70 .000
DCCS post-

switch -0.40 0.18 -2.26 .024
MCI 1.00

BRI 1.10 0.13 8.46 .000

Fit

x* =19.90, df = 16, p = .225, RMSEA = 0.03, CFI = .99
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Model 4 CFA

B SE b p

10 month tasks

A-not-B 1.00
48 month tasks

ISCI 1.00

Fl 0.86 0.05 16.16 .000

EMI 0.95 0.06 16.70 .000

DCCS post-

switch -0.40 0.18 -2.25 .024
9 year tasks

MCI 1.00

BRI 1.10 0.13 8.53 .000
Fit x%=15.24, df = 11, p = .000, RMSEA = 0.04, CFIl = .99
Model 5 CFA

B SE b p

48 month tasks

ISCI 1.00

FI 0.86 0.05 16.14 .000

EMI 0.95 0.06 16.70 .000

DCCS post-

switch -0.40 0.18 -2.25 .025
9 year tasks

MCI 1.00

BRI 1.09 0.13 8.70 .000
Fit x2=12.29,df =7, p=.092, RMSEA = 0.05, CFI = .99

Hypothesis I11: The main effect of infant temperament and maternal positive affect, (MPA) as
well as prior measures of EF, will predict EF at each time point. The impact of infant
temperament and MPA will decrease over time.
a. Temperament and MPA at 10 months will predict EF at 10 months.
There are no significant correlations between measures of EF at 10 months and these
factors, therefore a 10 month factor of EF was not included in further analyses. This

hypothesis was not supported.
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b. EF, temperament, and MPA at 10 months, will predict EF abilities at 48 months.
Because there were no significant correlations between EF at 10 months and other factors,
temperament and MPA were used to predict EF at 48 months. Maternal positive affect and infant
temperament were allowed to covary, based on my hypothesis of their reciprocal relationship.
The model fit well, x? = 24.8, df = 18, p = .130, RMSEA = 0.04, CFI = .99. Infant negative
affect was a significant predictor of EF at 48 months and there was a significant relationship
between infant negative affect and maternal positive affect, although maternal positive affect was

not related to EF. This hypothesis was partially supported.

Infant 219
MNegative
Affect \‘
EF at 48
-0.07*
months
Maternal _—
Positive f’*‘;}j
Affect '
.0.13
Sex

Figure 2. Model of hypothesis 11-b with standardized coefficients.
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c. Prior measures of EF, and temperament and MPA at 10 months, will predict EF abilities

at 9 years.

As discussed above, measures of EF from 10 months were removed from the models.
Maternal positive affect and infant temperament were allowed to covary, based on my hypothesis
of their reciprocal relationship. The Emergent Metacognition Index on the BRIEF-P and the
Metacognition Index were allowed to covary, as they were in the CFA. The model fit well, x? =
47.21,df =31, p=.031, RMSEA = 0.04, CFI =.98. Infant negative affect was a significant
predictor of EF at 48 months, which then predicted EF at 9 years. There were significant
relationships between infant negative affect and maternal positive affect, although maternal

positive affect was not a significant predictor of EF. This hypothesis was partially supported.

Infant 021

Negative |—__
Affect I 0.60+

0.08° EF at 48 EF at 9
' months years

Maternal

Affect -0.00 .0.18*
Sex

Figure 3. Model of hypothesis Il-c with standardized coefficients.
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Hypothesis I11: The interaction between temperament and maternal positive affect will impact
EF at 10 months.
a. Infants with easy or difficult temperaments, who experience high levels of
maternal positive affect will have higher EF scores.
b. Infants with easy or difficult temperaments, who experience low levels of
maternal positive affect will have lower EF scores.

This hypothesis was tested using a moderation analyses to test the potential impact of
maternal positive affect on the relationship between infant negative affect and EF at 48 months.
48-month EF was used because it was related to infant negative affectivity in previous models.
Maternal positive affect was examined as a moderator of the relation between infant negative
affect and EF skills. Infant negative affect and maternal positive affect were entered in the first
step of the regression analysis. In the second step of the regression analysis, the interaction term
between infant negative affect and maternal positive affect was entered, but it did not explain a

significant difference in later EF abilities. This hypothesis was not supported.

Hypothesis IV: EF and verbal ability at 48 months and 9 years will predict the relationship
between EF at 10 months and academic achievement at 9 years.

Measures of EF at 10 months were not included in this model, as mentioned previously.
Modification indices suggested allowing the measure of reading fluency and the measure of math
fluency to covary, and this was accepted as both may be indicators of underlying processing
speed abilities (Rohde & Thomas, 2007). The model fit moderately well, x? = 147.68, df =57, p

=.000, RMSEA =0.09, CFI = .90. Verbal ability measures were positively and significantly
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associated with math and reading abilities, but executive function was not. Therefore this

hypothesis is not supported.

K

03P S'E
/_\ l .

EF at 48
months

1

Verbal Ability Verbal Ability Math at
at 48 months D545 at 9 years DS 9 years

Figure 4. Model of hypothesis IV with standardized coefficients.

Post Hoc Analyses

| was intrigued by the lack of support for Hypothesis IV and wanted to further investigate
the relationship of academic achievement and EF by separating task and survey measures of EF.
When testing Hypothesis 1V using the measures of EF which fit in the CFA, | noticed that
modification indices indicated allowing DCCS, the only task measure of EF, to predict reading
and math ability. Based on this and the literature indicating both shared and unique predictive
value of survey and task measures of EF (Dekker et al., 2017), | decided to create two new path

models similar to Hypothesis IV, but considering only task measures or survey measures of EF.
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Model 1: This model included only task measures of EF. | attempted to fit a CFA model
using the task measures only, but it did not fit well. I chose the DCCS task as the measure of EF
at 48 months and the Stroop Number task as the measure of EF at 9 years, as these were the only
task measures of EF which were correlated across ages. The model fit moderately well, x2 =
58.30, df = 20, p =.000, RMSEA = 0.10, CFI = .88, and supported EF as a significant predictor

of reading and math ability.

Sex

0.01

DCCS Task -5.35'“ Stroop Task -ﬂ'.:'.:'.*
at 48 months at 9 years

057+

Verbal Ability Verbal Ability Math at
at 48 months | o0s™ at 9 years 047 9 years

Figure 5. Post hoc model with only task measures of EF with standardized coefficients.

Model 2: This model only included parental report measures of EF from the BRIEF-P

and BRIEF. The model fit well, x? = 85.41, df = 46, p = .000, RMSEA = 0.07, CFIl = .95, but EF

was not a significant predictor of reading or math abilities.
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at 9
years
068
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-0.05
Verbal Ability Verbal Ability Math at
at 48 months 054 at 9 years 0.50% 9 years

Figure 6. Post hoc model with only survey measures of EF with standardized coefficients.

Discussion

| tested several hypotheses related to predicting EF development from other factors, and
then using different measures of EF to predict academic achievement. By considering infant
negative affect and creating latent factors of 48 month and 9 year EF, | showed that infant
negative affect predicted EF at 48 months, and EF at 48 months predicted EF at 9 years. Post hoc
analysis showed significant paths from EF to math and reading achievement when using task
measures of EF, but not when using parent report. Although few hypotheses were supported, |
demonstrated that infant temperament impacts EF development and EF impacts academic
achievement. | also highlighted the importance of considering which EF measurement tools are
used in understanding the relationship between EF and academic achievement.
Hypothesis I: Some measures of EF at 10 months, 48 months, and 9 years will load onto a

latent factor. This hypothesis was supported.
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Although the first models failed to converge, a model of EF was created with statistically
and theoretically related measures. Initial analyses revealed that behavioral and rating scale
measures at each age point were not significantly correlated, except for the BRIEF-P Fl and ISCI
and the DCCS post switch measure. Rating scale measures from the BRIEF-P and BRIEF
appeared to fit the CFA model best, so | chose to retain them and the DCCS post switch variable
in creating the final model. Although I hypothesized that the Day/Night tasks and scores on
DCCS would be related based on work by Broomell (2019) and Kraybill and Bell (2013), there
are differences in the methods applied in these studies compared to the current approach.
Broomell (2019) considered both tasks in the analysis, but also included many other task
measures of inhibitory control in creating a latent factor of inhibitory control at 48 months.
Differences in results may be due to only considering two task measures, thus limiting the model
power and giving a less comprehensive measure of abilities. The decision in this study to include
only two task measures of EF at each time point was made in order to focus the scope of the
project and further investigate the use of both self-report and task measures of EF. It also could
be impacted by using two task measures of EF that primarily measure inhibitory control, while
using BRIEF-P measures scales of inhibitory self-control, flexibility, and emergent
metacognition. The tasks may have fit the model better if only the inhibitory self-control scale
was included. Kraybill and Bell used the DCCS, Yes/No, and Pig/Bull 48-month tasks as a
measure of EF in their work (2013). The Yes/No task is thought to be conceptually very similar
to the Day/Night task included in this analysis. Kraybill and Bell found all the tasks to be
intercorrelated and combined the three tasks to create a 4-year-EF composite (2013). Although
the Day/Night and Yes/No tasks are considered to be similar, it is possible that the differential

task expectations measure slightly different abilities. The choice to include the WCST and Stroop
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Number tasks were again based on Broomell (2019). Similar to my analysis, the WCST task did
not fit this model well and was not retained in the CFA, but Stroop was included in the final
model. In Broomell’s work these measures were used as the only predictors of EF at age 9, so
differences may be due to the inclusion of BRIEF scales.

The second CFA model with the Day/Night and DCSS border prop task at 48 months and
the WCST and Stroop tasks at 9 years removed converged but did not fit well. Modification
indices were run to determine how to improve the overall model fit. Results suggested including
a correlation between the BRIEF-P EMI and the BRIEF MI. This is theoretically supported as
both are measures of metacognition at different age points. This change improved the fit on
Model 3, but the 10-month factor loading remained insignificant. The Puppet task did not appear
to fit well in the model and was removed in Model 4. Theoretically, the two 10 month tasks were
chosen based on previous work which used each task as measures of EF at this age (Cuevas &
Bell, 2014; Blankenship et al., 2019). It is somewhat surprising that the two measures did not
have a significant factor loading when creating a latent factor, considering they were
significantly correlated in initial analyses. The Puppet task may not have fit the model due to
differences in the approach Cuevas and Bell took by dichotomizing the variable in their work,
separating children into short and long looker, versus using the times as a continuous variable
(2014). Preserving continuous variables is preferable in maximum likelihood estimation (Flora &
Curran, 2004). Another factor which may have impacted the relationship between the Puppet
task and A-not-B task is the difference in the underlying ability being measured. Although the
Puppet task was supported by Cuevas and Bell (2014) as a measure of EF, infants may be relying

primarily on the orienting network to sustain visual attention (Colombo & Cheatham, 2006).
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Therefore the Puppet task may be a better measure of the orienting network, and not the
executive network or inhibitory control, as measured by the A-not-B task (Broomell, 2019).
Removing the Puppet task resulted in the 10-month factor becoming significant, but did
not improve model fit. In the fifth iteration of the CFA model, the A-not-B task was also
removed, because it did not fit further models and the overall model fit slightly improved. Infant
executive function is a difficult construct to measure accurately and many studies that consider it
have used multiple task measures of EF (Devine et al., 2019) or a battery of EF tasks and brain
electrical activity (Broomell, 2019; Wolfe & Bell, 2007). The A-not-B task was successfully used
as the only 10-month EF predictor of later academic achievement in another investigation,
although 5 month attention was also included in the path model and only task measures of EF
were included (Blakenship et al., 2019). The mixed measurement approach and reliance on
parent measures of EF in the CFA may have misconstrued any relationship between 10 month
EF and 48 month EF, thus no significant path relationships from 10 month EF were observed and
it was removed from all models to improve parsimony. Including alternative measures of
executive function in infancy may have increased the likelihood that early EF measures would
significantly predict later outcomes. Alternative measures of EF in this time period including
response inhibition tasks in which the child is instructed not to reach for a visually attractive toy,
working memory tasks in which children search for hidden toys in different locations, and
flexibility tasks which require sorting according to changing rules (Miller & Marcovitch, 2015).
It should be noted that previous work (Wolfe & Bell, 2007) similarly did not support the
relationship between measures of working memory and inhibitory control at 8 months and 4.5
years. The researchers contributed this to potential mismatch between cognitive measures at

different time points, which may also be impacting the outcome of this study.
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Hypothesis I11: The main effect of infant temperament and maternal positive affect, (MPA)
as well as prior measures of EF, will predict EF at each time point. The impact of infant
temperament and MPA will decrease over time.

A. Temperament and MPA at 10 months will predict EF at 10 months. This hypothesis

was not supported.

As discussed above, the 10-month measures of EF did not fit the model well and were
removed from the CFA. Despite this, regression analyses were performed in an attempt to fit this
model, but no significant relationships were found between EF measures at 10 months and
maternal positive affect or infant temperament.

B. EF, temperament and MPA at 10 months, will predict EF abilities at 48 months.

This hypothesis was partially supported.

After removing the 10-month measures of EF, there was a significant path from infant
negative affect to EF at 48 months. The direction of this relationship indicates that infants with
higher parental ratings of negative affect at 10 months, had higher reports of EF difficulties at 48
months. This finding contributes to an expanding literature basis, supporting the negative
relationship between negative affectivity in infancy and effortful control and executive function
in preschool. Parental positive affect was not significantly associated with EF abilities at any age
point. Although previous work in this area supported the relationship between parental positive
affect at 10 months and EF abilities at 4 years, the difference may be explained by the
consideration of primarily rating scale measures of EF rather than behavioral measures (Kraybill
& Bell, 2013). Although the previous study found a predictive relationship between maternal
positive affect and the BRIEF-P measure of Post-Kindergarten EF, the sample size was

considerably smaller (n = 56). Maternal positive affect was also measured only during a
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structured play task with a toy, whereas in this study a toy task and a peek-a-boo task were
considered (Kraybill & Bell, 2013). Despite both behavioral and rating scales having internal
consistency, there is some evidence that scores between them are not always correlated (Toplak
et al., 2013). Although maternal positive affect did not independently impact EF, there was a
significant negative relationship between maternal positive affect and infant negative affect. This
indicates that these two variables are related, such that infants in dyads with higher ratings of
maternal positive affect had lower ratings of negative affect.

C. Prior measures of EF, and temperament and MPA at 10 months, will predict EF

abilities at 9 years. This hypothesis was supported.

When measures of 9-year EF abilities were added into the model, the relationship between
infant negative affectivity and EF at 48 months remained significant. Furthermore, EF abilities at
48 months significantly predicted EF abilities at 9 years, exhibiting the strong predictive power
of earlier measures of EF. These findings support the impact of differences in infancy, especially
in temperamental style, shaping later cognitive function. The negative relationship between EF at
9 years and sex indicates that parent reported higher levels of EF issues in boys than girls.
Hypothesis I11: The interaction between temperament and maternal positive affect will
impact EF at 10 months.

a. Infants with easy or difficult temperaments, who experience high levels of
maternal positive affect will have higher EF scores.

b. Infants with easy or difficult temperaments, who experience low levels of
maternal positive affect will have lower EF scores.

This hypothesis was not supported.
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This hypothesis was an attempt to further understand the nature of the relationships
between maternal positive affect and infant negative affectivity, and EF. Based on the
Differential Susceptibility model (Belsky & Pleuss, 2009), I hypothesized that not only children
with easy temperaments would benefit from high levels of maternal positive affect, but also
those with difficult temperaments. For this analysis | defined difficult temperament as high
ratings of infant negative affectivity. Because 10-month measures of EF were not reliable in
previous models, and a relationship was found between measures of 48-month EF and infant
negative affectivity, this model was run using 48-month measures of EF. A moderated regression
analysis did not indicate significant relationships between maternal positive affect, infant
negative affect, or the interaction between the two, with EF. Because no relationship was found
between EF and measures and maternal positive affect in previous analyses, it is not surprising
that it did not function as a moderator of the relationship between infant negative affectivity and
EF at 48 months.

Hypothesis IV: EF and verbal ability at 48 months and 9 years will predict the relationship
between EF at 10 months and academic achievement at 9 years. This model was partially
supported.

| chose a model that considered the impacts of both verbal ability and EF in predicting
academic achievement to better understand the true impacts of EF. Because 10-month measures
of EF were not related to later measures, it was not included in the model. The model ran but did
not fit very well. The path from Verbal ability at 48 months to Verbal Ability at 9 years and to
math and reading achievement was significant. In other words, higher VVerbal Ability scores at 48
months predicted higher Verbal Ability scores at 9 years, which predicter greater academic

achievement in both reading and math. The relationship between EF and academic achievement
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was not significant for math or reading, although EF ability at 48 months did predict EF abilities
at 9 years. Sex was again negatively related to EF at 9 years, indicating that parents reported
greater executive dysfunction in boys. Not discovering a significant path from EF abilities to
academic achievement may be due to differences in EF measurement. My CFA included
primarily BRIEF scales from parent reports, whereas many other studies used task measures of
EF. | further investigated this through a post-hoc analysis.
Post Hoc Analysis

In the Post Hoc Analysis | maintained the two-path model of predicting academic
achievement using EF and Verbal Ability, but chose to create separate models using only task or
parent report measures of EF. The separate models highlighted important differences in the
underlying concepts of EF being measured. The task based model showed significant paths of EF
and Verbal Ability predicting academic achievement, while in the survey model only verbal
ability was a significant predictor of math and reading ability. Sex was significantly related to EF
abilities in the model using survey measures of EF, but not the model using task measures of EF.
Parent perceptions of behavioral difficulties may have impacted their ratings of EF, which could
be driving the differences observed across measures of EF. Another reason that task measures of
EF may have been better predictors of academic achievement is due to behavior differences in
children across environments. Ratings on the BRIEF reflect a parent’s perception of their child’s
skills, so a teacher BRIEF report may have more accurately indicated a child’s academic ability.
Contributions and Limitations

This study was novel in considering both internal and external factors which impact
executive functioning ability longitudinally, although only infant negative affectivity was

significant. It also showed the path from infant negative affectivity to later EF abilities, and then
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the path from earlier EF abilities and verbal ability to reading and math achievement. It also
highlighted the impact different measurement approaches of EF may have on findings. This
contributes to the literature supporting the complexity of EF development and the many factors
which may impact it during various stages, as well as supporting the connection between EF and
academic abilities.

The current study was also faced with many limitations. Using a previously collected
longitudinal data set allowed me to conduct many analyses with variables of interest, but also
restricted what could be investigated. Data on maternal positive affect was only collected during
one visit during two short tasks. The EF tasks considered may also measure primarily inhibitory
control, and not working memory or cognitive flexibility. In retrospect, it may have been useful
to include measures of early EF collected at a later time point, such as 24 months, for a more
stable early measure that could have been included in all models. One recent work identified that
individual trajectories of inhibitory control stabilized at 24 months (Broomell, 2019), thus
measures at this time point may be better predictors of later life outcomes.

Future Directions

Future work should be done which considers both child and parenting variables and their
interaction in predicting EF development. These studies will include measures of infant
temperament and childhood temperament at multiple time points and more parenting variables.
These may include intrusiveness, mind-mindedness, and guided learning. Researchers should
consider how the interaction between parenting and temperament variables impact each other
and therefore EF development. Additionally, more work should be done to understand the
impacts of EF on academic achievement. Further investigation is needed to understand how

differences in EF measurement may be impacting the relationships between EF and academic
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achievement, and which underlying constructs of EF may be differentially evaluated across
measurement approaches. Exploration should also occur in determining how early indicators of
executive dysfunction present opportunities for early interventions. EF deficits may be able to be
detected earlier than deficits in early academic skills and targeting these areas through
intervention at this point could have important lasting academic benefits.
Applications
This investigation contributes to the current discussion in school psychology regarding

the impact of EF skills on academic success. Recent work has supported the potential for EF as a
target area for intervention in closing the achievement gap (Zelazo & Carlson, 2020). Identifying
early indicators of potential EF dysfunction provides the opportunity to begin early interventions
to address future behavioral or academic challenges, and infant temperament could be useful as
one indicator of risk. Developmentally appropriate play-based interventions beginning in
preschool have been found to improve EF, as well as academic performance (Rosas et al., 2019),
Access to these early interventions may have a lasting impact on students’ academic careers. In
order to fully understand the impacts of EF and EF based interventions on school success, it is
essential to have a reliable measure of EF which can be feasibly administered within the school
context. For the ease of administration on large scale, many schools may turn to rating scale
measures of EF. The current work highlighted potential concerns in using only parent report
measures of EF in considering the impact of EF on academic achievement and should serve as a
warning in the exclusive use of survey measures of EF.
Summary and Conclusions

| was successful in demonstrating how rating scale measures and some behavioral measures

could be used concurrently in creating latent factors of EF at different ages. | exhibited the

46



impact of infant temperament on EF development and many measures of preschool EF to be
predictive of later elementary EF. | found that an interaction between maternal affect and infant
negative affectivity did not moderate the relationship between infant negative affectivity and EF.
Additionally, I showed that only verbal ability predicted academic achievement, not EF, when
using rating scale measures of EF. Lastly, | presented a model predicting academic achievement

with independent contributions from both verbal ability and EF, when using task measures of EF.
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