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ABSTRACT 

Lower executive functioning is associated with poor social and academic outcomes, such 

as academic competence. Using a family study design, the current study investigated maternal 

variables influence on preschool executive functioning skills, and executive functioning skills 

predicting elementary school academic competence. Families with two children between the ages 

of 2.5 and 5.5 were recruited from the Dallas/Fort-Worth Metroplex and participated in a lab 

visit at The University of Arlington. The current study included 196 children (mean age = 3.88, 

SD= 1.04). The follow-up for these families was conducted at elementary school. Early 

executive functioning, specifically inhibitory control, predicted elementary school academic 

competence. In addition, maternal depression symptoms influenced both working memory and 

vocabulary not maternal anxiety problems. Future research should examine the positive 

impact of increasing children’s early inhibitory control on improving their academic 

competence at elementary school. 
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1. INTRODUCTION

Executive functions are a group of mental processes which help a person to remain 

focused on a task (Diamond, 2006, 2013; Hughes, 2005; Jacques & Marcovitch, 2010; Miller & 

Cohen, 2001). These processes are mostly associated with the prefrontal cortex area of the brain 

(Carlson, Faja, & Beck, 2016), which continues to develop throughout childhood and into early 

adulthood (Casey, Galvan, & Hare, 2005; Diamond, 2002; Huttenlocher, 1979, 1990; Sowell et 

al., 1999). Due to advancements in neural imaging, we now have a better understanding of when 

executive functioning skills occur in childhood. This research suggests that inhibitory control 

and working memory begin to develop during the first year of life (Baird et al., 2002; Diamond, 

2002; Diamond, et al., 2007; Garon et al., 2008; Wolfe & Belle, 2007) and the remaining 

executive functioning skill of cognitive flexibility emerges sometime between the ages of 3 and 4 

(Moriguchi & Hiraki, 2011).  

There have been several studies that have suggested that executive functions may be 

important in aspects of cognitive and social development including theory of mind, pretend play, 

emotion regulation, moral conduct, and school readiness (Blair & Razza, 2007; Carlson, 

Mandell, & Williams, 2004; Carlson & Wang, 2007; Carlson & White, 2013; Shoda, Mischel, & 

Peake, 1990). Poor executive function has been associated with many childhood disorders along 

with poor social and academic adjustment (Casey, Tottenham, & Fossella, 2002; Hughes & 

Ensor, 2011; Rodriguez, Mischel, & Shoda, 1989). There is also research that suggests executive 

functioning is predictive of college completion (McClelland, Acock, Piccinin, Rhea, & Stallings, 

2013). Researchers are in general agreement that executive functions initially consist of the two 
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main components of inhibitory control and working memory (Diamond, 2013; Lehto, Juujarvi, 

Kooistra, & Pulkkinen, 2003, Logue & Gould, 2014; Miyake et al., 2000). These components 

help to make higher-order executive functions possible, such as reasoning, problem-solving, and 

planning (Collins & Koechlin, 2012; Lunt et al., 2012). These two initial executive functioning 

components are separable to an extent, but they do overlap in having a common purpose. 

Research describes this common purpose as the allocation of attention and control over behavior 

to meet a goal (Friedman & Miyake, 2017; Miyake & Friedman, 2012; Miyake et al., 2000).  

1.1 Inhibitory Control 

Inhibitory control is defined as the ability to control one’s thinking, behavior, and/or 

emotion thus concentrating attention (Diamond, 2013). This aspect of executive functioning 

helps to make it possible for attention and goal-oriented behavior. Without inhibitory control, 

people would follow whatever impulses they had at any given time (Diamond, 2014). The 

development of inhibitory control comes about rapidly in early childhood with stark contrasts in 

performance on tasks within just a few years (Petersen, Hoynial, McQuillian, Bates, & Staples, 

2016). Changes in neurobiology and structure in the prefrontal cortex during the preschool years 

contribute to the large growth in executive functioning during this period (Zelazo, Blair, & 

Willoughby, 2016; Zelazo & Müller, 2010). Inhibitory control is generally assessed using similar 

tasks such as Stroop (MacLeod, 1991), go/no-go (Cragg & Nation, 2008), and Flanker tasks 

(Eriksen & Eriksen, 1974, Mullane et al., 2009). These tasks are used to understand a child’s 

ability to utilize executive control.  

The early development of inhibitory control is a critical domain of interest for 

developmental researchers because effective inhibitory control is associated with academic 



3 

achievement, social-emotional competence, and reduced behavior problems (Espy et al., 2004; 

Nigg et al., 2006; Raaijmakers et al., 2008; St. Clair-Thompson & Gathercole, 2006). 

Additionally, poor outcomes are associated with the opposite. Children with low inhibitory 

control are at greater risks for problems in these major areas including externalizing behavior 

problems and attention deficit hyperactivity disorder (ADHD; Eisenberg et al., 2001; Eisenberg, 

Spinard, & Smith, 2004; Gagne, Saudino, & Asherson, 2011; Goos, Crosbie, Payne, & Shachar, 

2009). Behavior problems in early childhood are predictive of maladjustment across 

development into adulthood including poor health and education outcomes (Denham et al., 2000; 

Saudino, Carter, Purper-Quakil, & Gorwood, 2008). According to Diamond (2014), "inhibitory 

control seems to be the executive function most predictive of long-term outcomes.”  

Moffitt et al., (2011) found similar results in a longitudinal study that children with 

higher levels of inhibitory control were less apt to participate in risky behaviors like smoking, 

dropping out of school, and experienced fewer unplanned pregnancies at adolescence. These 

children were followed into adulthood and were also seen to have better health, higher income, 

better jobs, and had less involvement with the law compared to children with lower levels of 

inhibitory control. Being that inhibitory control is associated with both academic and social 

outcomes and many long-term positive outcomes, the importance of studying inhibitory control 

as an executive functioning skill is evident. These higher-risk outcomes make it important to 

identify those children with low inhibitory control to provide intervention opportunities before 

they reach critical ages for these risky behaviors and potentially negative outcomes in adulthood. 
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1.2 Working Memory 

Baddeley (1992) defined working memory as the limited capacity cognitive system 

which maintains short-term storage and manipulation of information. Thus, this system is 

important for learning new concepts over time, utilizing directions, and remembering past events 

to plan for the future. This aspect of executive functioning comes about by the end of the first 

year of life (Baddeley & Hitch, 1994). Research on working memory typically involves some 

kind of memory task such as working memory components of the NIH Toolbox Cognitive 

Battery (Mungas et al., 2013; Zelazo et al., 2013), the Listening Recall task from the AWMA 

battery test (Alloway, 2007), and digit recall from the Working Memory Test battery (Gathercole 

& Pickering, 2001).   

The capacity of this cognitive system is predictive of some influential cognitive abilities 

for children entering school such as reading (Baddeley, 1992; Daneman & Carpenter, 1980), 

writing (McCutchen, 1996; Swanson & Berninger, 1996), and arithmetic (De Smedt et al., 2009; 

Destefano & Lefevre, 2004; Gathercole et al., 2004). Working memory predicts math and 

reading competence even into young adulthood (Alloway & Alloway, 2010; Bull & Scerif, 2001; 

Dumontheil & Klingberg, 2012; Gathercole, Pickering, Knight, & Stegmann, 2004). Research 

with the A-not-B task from Piaget’s work (1954) indicates that around 8 months some spatial 

working memory has been developed to understand where the hidden object used in this task is 

located. Around 1 year of age infants manage to hold the placement of the object in mind for 

longer, which Diamond (2002) suggests is the beginning of an integration of working memory 

with the other developing executive functioning skills. 



 

5 

 

 Working memory is a critical component of inhibitory control functioning because each 

provides support for the operation of the other (Diamond, 2013). For example, a child must keep 

rules or expectations in mind (working memory) to understand what counterintuitive impulses 

must be inhibited (inhibitory control) to complete a task or goal. The reverse may also be true, as 

a child must inhibit other noises and distractions (inhibitory control) in order to hear and retain 

the instructions (working memory). Otherwise, they will not remember the directions. These two 

cognitive functions are important to one another. Research also suggests their combined 

importance, as working memory and inhibitory control have a stronger association with school 

readiness when compared with IQ, math, or reading skills (Blair & Razza, 2007; Espy et al., 

2004; McClelland et al., 2007; Morrison, Ponitz, & McClelland, 2010). 

1.3 Executive Functions and Their Relation to Vocabulary 

 Receptive vocabulary is especially important for communication, and it has been 

continually found to be associated with later reading outcomes (Scarborough, 2001). In addition, 

several studies indicate significant correlations (r’s range from .44 to .96) between executive 

functioning and language skills (Carlson et al, 2005; Gooch et al., 2014). This association could 

be indicative of executive functions supporting the development of language skills (Weiland, 

Barata, & Yoshikawa, 2014). Several researchers have found that higher executive functioning 

skills are positively associated with higher language skills for preschool and elementary school 

children (Gathercole & Pickering, 2000; Gathercole, Pickering, Knight, & Stegmann, 2004; 

Howse et al., 2003; Lehto, 1995; McClelland et al., 2000; McClelland, Cameron,, Connor, 

Farris, Jewkes, & Morrison, 2007; Ponitz, McClelland, Matthews, & Morrison, 2009). These 

findings correspond with Gremillion, Smith, and Martel’s (2018) suggestion that verbal working 
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memory and vocabulary skills are intertwined in early development. The other pathway that has 

been explored is that language skills may provide support for the development of executive 

functioning including working memory and inhibitory control. This is indicative of a predictive 

relationship that was found by Schmitt, Purpura, and Elicker (2019). Their results showed that 

vocabulary at preschool entry was a significant predictor of executive functioning in the spring 

of preschool. Another study found that the role of executive functioning was supportive of gains 

in language skills for preschoolers also (Weiland, Barata, & Yoshikawa, 2014). However, at least 

one study reported no support for executive functioning influencing preschool verbal ability 

(Fuhs & Day, 2011). Thus, more research on the pathway between executive function and 

vocabulary needs to be done.  

1.4 Inhibitory Control, Working Memory, and Vocabulary Gender Differences 

Previous literature has noted some gender differences in cognitive performance during 

early childhood (Berlin & Bohlin, 2002; Carlson & Moses, 2001; Vuontela et al., 2003) These 

differences suggest that girls outperform boys on inhibitory control and working memory tasks, 

which were suggested by the number of errors on Go/NoGo working memory tasks in a 

longitudinal study (Mileva-Seitz, et al., 2015). In adulthood, these differences persist in both 

spatial and verbal working memory (Huster, Westerhausen, & Herrmann, 2011; Kaufman, 2007; 

Murre, Janssen, Rouw, & Meeter, 2013; Speck et al., 2000).  

In vocabulary, gender differences are also prominent. Within the first years of language 

development, girls on average speak more and seem to have more expressive vocabulary than 

boys (Berglund et al., 2005).  However, effect sizes for gender differences in vocabulary are 

usually found to be small (Driessen & van Langen, 2007). Research later in preschool (ages 2.5 
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to 4) does not seem to show these gender differences (van Druten-Frietman, Denessen, Gijsel, & 

Verhoeven, 2015; Jiang, Logan, & Jia, 2018). In addition, the results of a meta-analysis of 

preschool through early adolescence found that the vocabulary differences between genders is 

much smaller than expected (Hyde & Linn, 1988).  

1.5 Maternal Depression and Anxiety’s Link to Executive Functions 

Children exposed to maternal depression are at higher risk of developing both 

externalizing (Leschied, Chiodo, Whitehead, & Hurley, 2005; Ashman, Dawson, & 

Panagiotides, 2008) and internalizing problems (Hammen & Brennan, 2003; Murray et al., 2011; 

Garstein et al., 2010). Depression symptoms are common and often chronic (Field, 2011); there 

are reports of up to 24% of 17-month-olds exposed to these symptoms (Mclennan, Kotelchuck, 

& Cho, 2001) which can hinder parenting processes contributing to greater risk for negative 

child outcomes (Hughes, Roman, Hart, & Ensor, 2013). Researchers found similar results with 

maternal depression symptoms having a predictive relationship with children’s executive 

functioning longitudinally (Hughes, Roman, Hart, & Ensor, 2013). Maternal depression poses a 

concern for developing young children’s executive functioning skills.  

Maternal anxiety also has an influence on executive functions, as maternal anxiety during 

gestation predicted impaired executive function among 6- to 9-year-old offspring (Buss, Davis, 

Hobel, & Sandman, 2011). In Pearson et al., (2016), postnatal maternal anxiety and depression 

were risk factors for impairments in attentional control, and prenatal anxiety was associated with 

impairments in working memory. Postnatal anxiety was also associated with higher risk in 

failing at poor math and language. However, these findings were confounded by maternal 

education and socioeconomic status. Both maternal depression and anxiety early in life can have 
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potentially negative outcomes for children, which suggests that executive functioning is subject 

to environmental influences. 

1.6 Executive Functions and Vocabulary and Their Relation to Academic Competence 

As previously reviewed, researchers have established relationships amongst the executive 

function variables, vocabulary, and academic skills.  Findings include working memory capacity 

predicting reading (Baddeley, 1992; Daneman & Carpenter, 1980), writing (McCutchen, 1996; 

Swanson & Berninger, 1996) and arithmetic (De Smedt et al., 2009; Destefano & Lefevre, 2004; 

Gathercole et al., 2004), associations between higher inhibitory control and higher academic 

achievement (Espy et al., 2004), and vocabulary being important for communication and later 

reading achievement (Scarborough, 2001). Inhibitory control and working memory are also 

significantly associated with emergent literacy when adjusting for child gender, child age, and 

maternal education (Becker, Miao, Duncan, & McClelland, 2014). They also found that 

inhibitory control was partially related to math and that vocabulary was significantly related to 

both inhibitory control and working memory. Working memory is therefore necessary for 

understanding written and oral language along with mentally calculating math (Diamond, 2013). 

Lastly, vocabulary is strongly linked with children’s listening and reading comprehension skills 

(Cain, Oakhill, & Bryant, 2004; Cromley & Azevedo, 2007; Language and Reading Research 

Consortium, Currie & Muijselaar, 2019). Thus, inhibitory control, working memory, and 

vocabulary contribute heavily to children’s academic competence. 

In this particular study of academic competence, the measure is perceived by parents 

through survey data. Studies have shown that parent’s perceptions of their child’s competence 

are important in predicting children’s performance in school (Phillipson & Phillipson, 2007; 
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Pomerantz & Dong, 2006). Those students with parents that hold higher competence perceptions 

for their children tend to receive higher grades, achieve higher scores on standardized tests, and 

stay longer in school than those children whose parents hold lower perceptions (Peet, Powell, & 

O’Donnel, 1997; Phillipson, 2010; Pomerantz & Dong, 2006; Yamamoto & Holloway, 2010 as 

cited in Gut, Reimann, & Grob, 2013). Given this information, the variable perceived academic 

competence should be taken into consideration for the current study.  
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2. THE CURRENT STUDY

There is a wide range of research regarding inhibitory control, working memory, and 

vocabulary as predictors of academic competence. However, few extant studies take maternal 

depression and anxiety symptoms into consideration. Using a family study design, the current 

study sought to identify child-level variables to predict academic competence. The primary focus 

for child-level factors was on child gender, vocabulary, and executive functions. The focus for 

parent-level variables included maternal depression and anxiety symptoms as predictors of 

executive functioning and vocabulary. The family design allows for assessing within sibling 

pairs to create a broader picture of home life and relatedness among sibling outcomes.  

The present study has three specific aims. 

To evaluate relations between preschooler variables including inhibitory control, working 

memory, and vocabulary. Gender will also be considered. I will test the model presented in the 

literature for how inhibitory control predicts vocabulary by multilevel linear regression (MLM) 

analysis. I will also test working memory in predicting vocabulary. I hypothesize that higher 

inhibitory control and higher working memory will predict higher vocabulary, as much more 

research suggests this pathway than the latter.  

To determine whether maternal anxiety symptoms influence preschool executive 

functioning and vocabulary knowledge using MLM regression analysis. I will also determine 

whether maternal depression symptoms predict children’s executive functioning and vocabulary. 

I predict that higher maternal anxiety and depression will be associated with lower inhibitory 

control, working memory, and vocabulary.  
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To test whether preschool inhibitory control predicts higher academic competence in 

elementary school using a multiple linear regression model. I will also test whether working 

memory at preschool will predict academic competence and vocabulary at preschool will predict 

academic competence. I expect that all three variables will predict elementary school academic 

competence. 

First, I will calculate descriptive statistics, gender differences and check skewness and 

kurtosis on all variables. If necessary, I will transform skewed variables in the appropriate 

manner. I will then examine all correlations between variables. I expect that the cognitive 

variables will be highly correlated with each other and slightly less so with academic competence 

at elementary school, as it is parent-reported rather than a lab measure. I also expect that 

maternal depression and anxiety will be less correlated with the cognitive variables, but it will 

still be significant. Maternal depression is predicted to be positively correlated with maternal 

anxiety. 

Next, I hypothesize that higher executive function skills and vocabulary will predict 

higher academic competence. Therefore, children that perform better on vocabulary and 

executive functioning tasks will have higher elementary school academic competence. I also 

hypothesize that higher maternal depression and anxiety will predict lower executive 

functioning. Children with mothers that have higher depression and anxiety symptoms will have 

lower executive functioning skills and vocabulary.  
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3. METHODS

3.1 Participants 

The sample for the preschool phase of the study consisted of 99 families with two 

typically developing children (N=198) between 2.5 and 5.5 years of age (M= 3.88, SD= 1.04) 

and their mothers (mean age = 34.14, SD =5.13) in the Dallas Fort-Worth area. The sample 

included 102 boys (mean age= 3.79, SD=0.99) and 96 girls (mean age=3.97, SD= 1.08). 

Participants included 57 full sibling pairs, 10 identical twin pairs, and 32 fraternal twin pairs. The 

racial distributions was predominantly Caucasian (84% of children, 88% of mothers, and 87% of 

fathers). Other races included were Hispanic or Latino (13% of children; 7% of mothers; 8% of 

fathers), multiracial (11% of children; 5% of mothers; 4% of fathers), and African American 

individuals (4% of children; 4% of mothers; 7% of fathers). Less than 3% were reported as Asian 

American, Pacific Islander, and other races. The mean household income was approximately 

$70,000 (Range from $20,000 to over $200,000) and mean parental years of education was 15.83 

years for mothers and 15.2 years for fathers (ranging from 8 to 22 years). A follow-up survey 

was conducted for these participants during the elementary school phase of the study. The 

participants included 128 of the original children ages 5 to 11 (mean age= 7.5, SD= 1.26) with a 

total of 70 families participating from the original 99. The primary parent was asked to report on 

the surveys. For both phases of the study, data was de-identified to ensure anonymity and 

securely stored.  
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3.2 Procedure 

This sample is derived from the initial TEXAS Family Study which assessed preschooler 

temperament, executive functioning, and other family variables at the University of Texas at 

Arlington under Dr. Gagne, the primary investigator. Families were recruited beginning in late 

2012 in the Dallas-Fort Worth Metroplex through fliers on the University of Texas at Arlington 

campus and in pediatricians’ offices and at daycares. Interested families were asked to complete 

online screening. After qualifying, online surveys were completed through SurveyMonkey 

predominantly by mothers. A total of 126 families participated in the preschool phase online 

portion. Of these families, only 99 participated in a laboratory visit. These visits consisted of 

different behavioral and cognitive assessments described as “fun games” for the children. There 

were also additional questionnaires for the parents to fill out during the laboratory visit. There 

were no differences seen in demographic variables for families in parental age, years of 

education, and family income that only completed the surveys and those that participated in the 

laboratory visit with child age being the only exception. The mean child age for the survey-only 

participants was lower because some parents completed surveys for children that were not in the 

specific age range of the study which made them ineligible for the laboratory visits. Participants 

received a $25 gift card for completing the surveys, and the participants that completed the 

laboratory visits received an additional $50 gift card.  

The elementary school follow-up surveys were also completed through SurveyMonkey. 

Previous participants were emailed with the link to participate. After emailing three times, the 

participants were called for recruitment. The surveys consisted of four separate invitations based 

on family variables, parent variables, child one, and lastly child two. Upon completion, a $50 gift 



14 

card was emailed to the family. Elementary school data were only used if accurate birthdates for 

each child were confirmed. If another date of birth was given that did not match, then the family 

was not used in data analysis.  

3.3 Measures 

3.3.1 Executive Functioning Tasks: Preschool 

Given previous literature studying executive functioning variables separately and the low 

correlation from previous literature and this study’s low correlation (r=  -.04 to .33** for spatial and 

verbal working memory respectively; Brocki, Nyberg, Thorell, & Bohlin, 2007; Table 1), inhibitory 

control and working memory were examined separately in analyses. 

To obtain measures of inhibitory control, we utilized a modified Stroop task. This 

measure took place during the preschool phase. These tasks required children to suppress their 

automatic response to provide a correct response. This task was modified for the different age 

ranges that participated. The younger age range (2.5-3.5 years) participated in a baby game 

Stroop task (Hughes & Ensor, 2005). This task required two cups. One was small and referred to 

as “baby” cup and a regular sized cup which referenced a “mommy” cup. The child was directed 

to post to the baby cup and mommy cup to check for understanding of both stimuli. Then, the 

experimenter informed the child that they were playing an “opposites game,” and the child 

would have to respond the opposite of which cup was presented. Therefore, if the “baby” cup 

was presented, then the child would need to respond, “mommy cup” and vice versa for the 

“mommy cup” being presented. The cups were presented in a pseudorandom order. There is no 

psychometric data available for this task.  
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For children age range of 3.5-4.5, they participated in the hand game (Hughes, 1996). 

The hand game includes either a fist or a pointer finger that the experimenter presents to the 

child. The child then must imitate the gesture. Once the child understands the hand gestures for 

the game, the experimenter gave instructions to present the opposite of the hand gesture. If the 

gesture was a fist, then the child needed to present their pointer finger and vice versa. A 

Cronbach’s alpha of 0.88 was reported for the hand game (Chasiotis, Kiessling, Hofer, & 

Compos, 2006).  

Participants that were 4.5-5.5 years of age participated in the day-night Stroop task 

(Gerstadt, Hong, & Diamond, 1994). The experimenter displayed a card with either a moon with 

stars or the sun depicted on it. The child was instructed to say the either day for when a moon 

was displayed or night when a sun was displayed in keeping with the opposites of the other tasks. 

There has been internal reliability reported for this Stroop task with a range from 0.79 to 0.93 by 

Chasiotis et al. (2006), Rhoades, Greenberg, and Domitrovich, 2009, and von Stauffenberg & 

Campbell (2007). 

 All three Stroop tasks were given a total of 12 trials and number correct was recorded 

out of 12. More correct answers reflected higher levels of inhibitory control. The combination of 

these three types of Stroop tasks have been used in previous published articles (Hughes, Ensor, 

& Marks, 2011; Hughes & Ensor, 2008). 

Spin-the-Pots was a multi-location search task used to measure working memory 

(Hughes & Ensor, 2005). The child was asked to place stickers in whatever colored box they 

wished on a turn table. There were many visually distinct boxes to choose from. The number of 

boxes the children had to choose from differed according to age. For children aged 2.5-3.5, 8 
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boxes were used. For children 3.5-4.5, 10 boxes were used. Lastly, children 4.5-5.5 were given 

12 boxes to choose from. Once the child finished placing the stickers with only two boxes 

remaining empty, the boxes were all closed, and a cloth was placed over the boxes to hide them 

from view. The Lazy Susan was then turned one time around. It was then uncovered, and the 

child was asked to locate one of the stickers that he/she placed. The task would continue until all 

the stickers were retrieved or the maximum number of spins were met (12 spins for the youngest 

group, 16 spins for the middle-aged group, and 20 spins for the oldest group). Scores were 

reported based on the number of stickers to number of spins. Thus, scores ranged from 0 to 1 

with 1 representing the highest score. Test-retest reliability for this task was r=0.59, p=0.002 

(Lalonde & Holt, 2014). (). 

3.3.2 Vocabulary: Preschool  

The Peabody Picture Vocabulary Test (4th ed.; PPVT-IV; Dunn & Dunn, 2017) was used 

to assess vocabulary. The experimenter would state a word from the standardized list, and the 

child would be required to point to the picture that corresponds with the word stated. There is 

four pictures to choose from when responding. If eight items were missed from a block of 12, 

then the experimenter would stop the test. Otherwise, the PPVT-IV would continue through until 

the end of the test. Children’s results were compared with standardized scores. The internal 

consistency coefficient of the PPVT is.97 and researchers have found a significant relationship 

between PPVT scores and reading comprehension (Dunn & Dunn, 2007). 

3.3.3 Assessment of Maternal Affect & Mental Health 

For the anxiety measure, the Spielberger State-Trait Anxiety (STAI) was used. It is a 

questionnaire that asks questions regarding current states of anxiety and general anxiety 
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tendencies. This questionnaire has items that distinguish anxiety symptom from depressive 

symptoms. For example, one item states “I am a steady person.” Then a person would need to 

answer by rating the item on a scale of 1 (almost never) to 4 (almost always). There are a total of 

40 items. The sum of the total items are then taken as a measure of anxiety symptoms. A score of 

43 or higher indicates risk for an anxiety disorder (Spielberger, 1983). The reliability estimate for 

the STAI is .86, and there has been satisfactory validity established as well (Spielberger, 1983). 

The internal consistency for the A-trait scale on the STAI for this sample was 0.90. 

Maternal depression symptoms were measured using the Center for Epidemiological 

Studies Depression Scale (CES-D; Radloff, 1977). This questionnaire includes 20 items that 

reference feelings and behaviors of the past week. This questionnaire was also rated on a scale 

by the participant including 0 (Rarely or less than one day) to 3 (Most or 5-7 days). The items on 

the CES-D were summed with a possible range of 0 to 60 with 60 indicating the presence of the 

greatest symptoms. This questionnaire also has satisfactory validity along with a reliability 

estimate of .88 (Orme, Reis, & Herz, 1986). Cronbach’s alpha was calculated for the CES-D, and 

it was .84. 

3.3.4 Academic Competence: Elementary School 

The Health and Behavior Questionnaire (HBQ) was included in the online survey follow-

up. Parents rated their children’s academic functioning, social functioning, and health. For this 

questionnaire, the academic competence scale will be used. This scale uses children’s abilities in 

both math and reading to report on academic competence (Armstrong, Goldstein, & The 

MacArthur Working Group on Outcome Assessment, 2003). The HBQ has been shown to have 
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high test-retest stability (Essex, et al., 2002). For our data, the Cronbach’s Alpha was calculated 

as 0.90. 



19 

4. RESULTS

4.1 Data Analysis 

Preliminary analyses involved calculating the descriptive statistics for measures of central 

tendency and differences in gender. Next, Pearson’s R correlations were calculated for the study 

variables.  

 My first aim was to assess the relationship between preschool variables of inhibitory 

control, working memory and preschool vocabulary. There are two different pathways for this 

relationship, either executive functioning influencing the development of vocabulary, or 

vocabulary influencing the development of executive functioning. Gender differences were taken 

into consideration beforehand by comparing means. These variables were screened to ensure 

normality, and then the relationship was assessed using a multilevel regression model to account for the 

nested structure of the study design. Ordinary least squares (OLS) should not be used because of the risk 

of increased Type I error (Cohen, Cohen, West, & Aiken, 2003), but multilevel regression models account 

for the individual level predictors on dependent variable(s). This model did require the restriction to only 

allow fixed effects based upon individual predictors of the outcome (Kenny et al., 2006).   

The second aim was to determine whether maternal anxiety and depression influences 

preschool executive functioning and vocabulary. A multilevel linear regression model was also 

used for this aim. It was predicted that higher maternal depression and anxiety symptoms would 

predict lower executive functioning skills and lower vocabulary in children. 

The third and final aim was to determine if preschool inhibitory control, working memory 

and vocabulary would predict academic competence in elementary school. The prediction for 
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this aim was that higher cognitive variables would predict higher academic competence. This 

aim also used a multilevel linear regression model.  

4.2 Data Screening 

Prior to analysis, data was screened for outliers and missing values using SPSS Missing 

Values Analysis and minimum and maximum values. Outlier values consisted of 3.29 standard 

deviations above or below the mean and were treated as missing values. The variables that 

consisted of outliers include maternal depression symptoms, maternal trait anxiety, spin-the-pots 

for working memory, and academic competence. Outliers were treated as missing values. Two 

variables indicated a greater than 5% missing values: Stroop task (12.1%), and lastly the HBQ 

academic competence (37.9%). The HBQ was expected to have high levels of missing data, as it 

was collected in the longitudinal follow-up which had less families participate. Little’s MCAR 

test was run and came back significant, 2(55)= 113.954, p=.001. Therefore, the variables were 

not missing completely at random, and they were kept as is.  

Histograms, skewness, and kurtosis statistics were used to assess the data for the 

assumption of normality. Stroop and maternal depression symptoms were positively skewed. 

Stroop was due to reverse scoring. A square root transformation was used for both. All variables 

then met the assumption of normality and were used in future analyses. The data did meet the 

assumptions of lack of multicollinearity among predictors and lack of univariate and multivariate 

outliers. It did not violate the assumption of homoscedasticity, and the multilevel assumption of 

homogeneity of level 1 variance. The predictors for the aims of the study were all grand-mean 

centered for the multilevel models, as opposed to group-centered because group-centering with 
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dyadic data removes all variance due to the dyad (Kenny et al., 2006). The zero point for all 

predictors was the grand mean of those variables.  

4.3 Associations Amongst Variables 

Correlational analyses were conducted to study the relationship between the variables of 

interest as noted in Table 1. Inhibitory control was significantly associated with working 

memory, vocabulary, and academic competence. It was predicted that the cognitive variables for 

executive functioning and vocabulary would be significantly correlated with one another, and 

they were. However, inhibitory control was not as highly correlated with working memory and 

vocabulary as expected. It was also predicted that they would be less highly correlated with 

academic competence because the executive functions and vocabulary were lab measure and the 

academic competence at elementary school was conducted through survey. This was not the 

case, as Stroop and vocabulary were just as strongly correlated with academic competence as 

with each other and working memory. Surprisingly, working memory was not associated with 

academic competence. 

Maternal depression and anxiety symptoms were not associated with the executive 

functioning variables. Maternal depression and state anxiety symptoms are associated with 

vocabulary, but maternal trait anxiety is not. Maternal depression and both trait and state anxiety 

were highly correlated with one another, which was hypothesized.  

In testing for gender differences, an independent T-test was run. The results are shown in 

Table 2. The inhibitory control measure of Stroop was the only variable that showed gender 

differences. The measure was reverse scored; lower mean is higher inhibitory control. Therefore, 
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girls showed higher inhibitory control on the Stroop task than boys. There were no gender 

differences in working memory, vocabulary, maternal variables, or academic competence. 

4.4 Aims and Hypotheses 

Restricted Maximum Likelihood (REML) estimation was used to test the null model in 

which the only predictor of vocabulary was the family effect. This was used to determine the 

distinction between the sibling groups. The estimates of the variance at Level 1 and Level 2 

produced an intraclass correlation of .003. Thus, .3% of the variance in children’s vocabulary 

was accounted for at the family level. Results indicated the distinguishability between siblings 

was not significant, the difference in χ2(1) was .082, p=.775. Therefore, distinguishable variance 

was not supported. The siblings were not made alike for analysis. Multilevel modeling was still 

used to determine the relationship of inhibitory control and working memory with vocabulary to 

account for the nested data in the study by dropping the assumption of independence in favor of 

estimations that consider family level clustering of the data, as research suggests that any 

intraclass correlation above zero can produce biased standard errors in ordinary least squares 

regression (Cohen et al., 2003). This type of clustered data is favorable when individuals are 

assumed to be more similar than if the participants were randomly selected (Kenny et al., 2006). 

Therefore, multilevel modeling was used for all analyses including nonsignificant intraclass 

correlation models. 

Next, the full model was tested with the inhibitory control measure of the Stroop task. 

Spin-the-Pots task for working memory was also added as a predictor. As predicted by my 

hypothesis, Stroop did predict vocabulary, b= -.15, SE=1.18, t(95)= -2.41, p=.018. Unexpectedly, 
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Spin-the-Pots working memory scores did not predict vocabulary, b=.10, SE=.47, t(95)= 1.54, 

p=.126. The results for this aim can be found in Table 3.  

Again, REML estimation was used to test the null model of family effect as a predictor 

for the executive functioning measures including Stroop for inhibitory control, Spin-the-Pots for 

working memory, and PPVT-IV for vocabulary. The Level 1 and Level 2 variance produced an 

intraclass correlation of -.081, which -8.1% of the variance in Stroop was accounted for at the 

family level. Results indicated the distinguishability between siblings was not significant, the 

difference in χ2(1) was .001, p=.992. Therefore, distinguishable variance was not supported. The 

siblings were not made alike for analysis. The null model tested for the working memory task 

was also not significant with the Level 1 and Level 2 variance producing an intraclass correlation 

of -.028, which -2.8% of the variance in Spin-the-Pots working memory task was accounted for 

at the family level, χ2(1) =.111 , p=.739. Distinctive variance was not supported. The siblings 

were not made alike for analysis. The null model for PPVT-IV vocabulary measure was not 

significant with an intraclass correlation of .002, as previously stated. PPVT-IV had .02% 

variance accounted for at the family level, χ2(1) =.19 , p=.665, and distinguishable variance was 

not supported. The siblings were not made alike for analysis. 

In running the full models for these variables, the predictors of maternal depression and 

maternal trait anxiety were included as predictors. It was surprising to find that most model 

predictors did not significantly predict the executive functioning measures or vocabulary. In the 

Stroop inhibitory control dependent variable model, all three predictors were not significant 

including maternal depression b= -.02, SE=.05, t(93)= -.26, p=.798, maternal anxiety,  b= -.02, 

SE=.01, t(93)=-.16==23, p=.819. Results are shown in Table 4. 
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For the Spin-the-Pots working memory task model, both maternal depression, b= -.16, 

SE=.13, t(97)= -1.93, p=.056, and maternal anxiety, b= .17, SE=.02, t(97)= 1.97, p=.051, were 

not significant in the model. However, they were both close to .05 significances. Results are 

shown in Table 5. 

In the final model for vocabulary, maternal depression was the only significant predictor, 

b= -.25, SE=1.17, t(97)= -2.44, p=.017. Maternal anxiety was not significant, b=.06, SE=.20 , 

t(97)= .56, p=.576. Results are shown in Table 6. 

The final aim also kept the REML theme from the previous aims, as dyadic data was used 

for the entire project. The null model was tested for the academic competence subscale of the 

HBQ to account for the possible family effect on reporting academic competence. The Level 1 

and Level 2 variance produced an intraclass correlation of .029, which 2.9% of the variance in 

academic competence was accounted for at the family level. Results indicated that this was not 

significant, χ2(1) =.004, p=.950. Therefore, distinguishable variance was not supported. The 

siblings were not made alike for analysis.  

In the full model, inhibitory control, working memory, and vocabulary were included as 

predictors. The preschool inhibitory control and vocabulary measures both significantly 

predicted elementary school academic competence, b= -.27, SE=.15, t(58)= -2.71, p=.008, b=.27, 

SE=.01, t(58)= 2.87, p=.006 respectively. Surprisingly, preschool working memory, b=.03, 

SE=.06, t(58)= .28, p=.777, did not predict elementary school academic competence. The results 

are displayed in Table 7. 
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5. DISCUSSION AND SUMMARY 

 

 The purpose of the current study was to examine relations between vocabulary, inhibitory 

control, and working memory in preschool, then determine whether these variables predicted 

elementary school academic competence.  Research shows that inhibitory control, working 

memory, and vocabulary influence later reading and math success (Baddeley, 1992; Daneman & 

Carpenter, 1980; De Smedt et al., 2009; Destefano & Lefevre, 2004; Scarborough, 2001; Becker, 

Miao, Duncan, & McClelland, 2014). The current study aimed to contribute to the literature by 

examining longitudinal predictions using a family design, including maternal variables such as 

depression and anxiety. The results indicate that inhibitory control influenced vocabulary and 

academic competence more so than working memory, and maternal depression was a significant 

predictor of working memory and vocabulary. Findings are discussed along with limitations and 

implications for future research.  

5.1 The Relationship between Maternal and Preschool Child Variables, and Elementary 

School Academic Competence 

 Preliminary analyses revealed significant correlations between the executive functioning 

variables and vocabulary in preschool. Although these findings were consistent with the 

literature, effect sizes were more moderate than expected. Preschool inhibitory control and 

vocabulary were also significantly associated with elementary school academic competence. The 

maternal variables were significantly correlated amongst themselves, and they were associated 

with preschool vocabulary and elementary school academic competence. The only significant 
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gender differences were found for inhibitory control where preschool girls had higher levels than 

boys. 

Among all the models tested, the sibling participants proved indistinguishable from one 

another. This was not surprising as there were many groups of twins in the study, several of 

whom were monozygotic pairs. The first hypothesis was only partially confirmed in that 

inhibitory control did predict vocabulary. Thus, Weiland, Barata, and Yoshikawa’s (2014) 

proposed model is relevant to this study, as they suggested that the high association between 

executive functions and vocabulary due to executive functions supporting the development of 

language skills. However, working memory did not predict vocabulary. This was somewhat 

surprising given previous significant associations between working memory, vocabulary, and 

inhibitory control. These findings point toward the importance of inhibitory control in language 

learning.  

The hypotheses about maternal depression and anxiety were also only partially 

confirmed. Maternal depression was the only maternal variable that predicted vocabulary. 

Contrary to our expectations, none of the maternal variables predicted inhibitory control or 

working memory, and maternal anxiety symptoms did not predict any of the preschool variables 

included in the study, inconsistent with the literature (Hughes, Roman, Hart, & Ensor, 2013; 

Buss, Davis, Hobel, & Sandman, 2011). Given that maternal depression symptoms have a 

negative effect on preschool vocabulary, mothers that experience high levels of symptoms may 

wish to seek additional support for their children.  

The final set of hypotheses were partially confirmed because preschool inhibitory control 

and vocabulary did predict academic competence in elementary school. Contrary to my 
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hypothesis, working memory was not a significant predictor. The fact that preschool working 

memory did not predict elementary school academic competence is also inconsistent with the 

literature (Baddeley, 1992; Daneman & Carpenter, 1980; De Smedt et al., 2009). These findings 

do support the emergence of inhibitory control and vocabulary in the transition to elementary 

school. More preschool programs should support the growth of inhibitory control and vocabulary 

to improve their students’ transition into the formal school system. This study also supported the 

long-term effects of both inhibitory control and vocabulary in early elementary school.  

5.2 Limitations and Implications 

As with any study, there are some limitations to take under consideration. Some notable 

limitations include sample size and composition, the inclusion of sibling pairs which includes a 

wide age range with coinciding age-related measurement issues, and lack of father and/or other 

partner data. The sample size of 99 pairs of siblings and their mothers is a rather moderate 

sample size. However, the follow-up portion only retained 70 of the original 99 families. Thus, 

decreasing the power with the inclusion of the elementary school variables. This reduction in the 

follow-up sample size was to be expected as with any longitudinal study some participants tend 

to drop out. The sample consisted of majority Caucasian participants with higher SES, reducing 

generalizability. Future studies should include a larger and more diverse sample. Also, the use of 

slightly different Stroop tasks across the wide preschool age range is a limitation, as lab 

measures were not uniform across participants, but the tasks used had been used in previous 

studies in much the same manner. Future researchers may benefit from a more limited age range 

that allows for a single measurement task. Age was not accounted for in the analyses and should 

be taken into consideration for future analyses.  
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The results indicated that working memory was not a predictor of vocabulary or 

academic competence. One potential explanation for this is that the task was focused on spatial 

working memory as opposed to verbal working memory. Given that both dependent variables 

were focused on reading or verbal understanding (the academic competence subscale asked 

questions regarding children’s reading ability), spatial working memory might not have been as 

great an indicator as verbal working memory. Therefore, future researchers may need a different 

task for measuring working memory or use multiple working memory and/or executive 

functioning tasks. It has been reported that using six executive functioning tasks correlated 

higher with informant-reported measures of inhibitory control compared to using just three 

(Beck, Carlson, & Rothbart, 2011 as cited in Duckworth et al., 2011). 

 Another reason that there could be less covariance between our preschool measures and 

the elementary school outcome are different reporters at each age. The preschool executive 

functioning and vocabulary measures were all lab-based observational measures, and our 

elementary school academic competence measure was parent-reported. In addition, the temporal 

effect of the number of years between the preschool testing and the elementary school parent 

report could contribute lower associations. If the executive function measures and the academic 

competence parent ratings were collected concurrently either in preschool or elementary school, 

higher covariance could be expected. An additional limitation of this study is the lack of 

measures of effect size to determine the strength of significant relationships due to the use of 

MLM. This should be taken into consideration for future research in using this model. 

Despite the limitations mentioned, the current study adds to the literature by examining 

longitudinal relations between preschool executive functioning and vocabulary and elementary 
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school academic competence, by assessing maternal variables and by studying siblings. The 

family study design allows for a better representation of the data across family members. Few 

studies have considered maternal variables influence on executive functioning, and even fewer 

have included data for both parent and sibling. The family design perspective also allows for 

disentangling unique effects at the family-level. The study also utilizes a longitudinal follow-up 

of the preschool to elementary school transition, which provides more information for this 

difficult time for children. These factors help to provide a broader picture of both family 

environment and this critical period of development for the children involved in our study as 

they transition to formal schooling.  Overall, this study provides support for the long-term effects 

for inhibitory control in the school setting and sets a precedent for helping to improve this mental 

process before school, which can help children throughout their education. 

Future studies should examine maternal variables of depression and anxiety as predictors 

for academic competence with executive functions mediating the relationship, as the correlations 

between maternal variables and academic competence may suggest a relationship and research 

suggests executive functions may be a potential mediator of this relationship. In addition, future 

studies may include other maternal variables such as maternal education level and family 

socioeconomic status (SES). Research on quality of home environment indicates that maternal 

education influences children’s academic performance indirectly (Davis-Kean & Sexton, 2009; 

Murnane, et al., 1981). Lower-SES families have less resources which are important for the 

pursuit of higher education (Gut, Reiman, & Grob, 2013). Thus, this may be an important 

contributor to academic competence and parent’s perception of their child’s academic 

competence.



30 

REFERENCES 

Alloway, T. P., Alloway, R. G. (2010). Investigating the predictive roles of working memory and 

IQ in academic attainment. Journal of Experimental Child Psychology, 106(1), 20-29. 

Ashman, S. B., Dawson, G., & Panagiotides, H. (2008). Trajectories of maternal depression over 

7 years: Relations with child psychophysiology and behavior and role of contextual risks. 

Development and Psychopathology, 20, 55–77.  

Baddeley, A. (1992). Working memory. Science, 255 (5044), 556–559.  

Baird, A. A., Kagan, J., Gaudette, T., Walz, K. A., Hershlag, N., & Boas, D. A. (2002). Frontal 

lobe activation during object permanence: Data from near-infrared 

spectroscopy. Neuroimage, 16, 120–126. 

Becker, D. R., Miao, A., Duncan, R., & McClelland, M. M. (2014). Behavioral self-regulation 

and executive function both predict visuomotor skills and early academic achievement. 

Early Childhood Research Quarterly, 29(4), 411-424.  

Blair, C., & Razza, R. P. (2007). Relating effortful control, executive function, and false belief 

understanding to emerging math and literacy ability in kindergarten. Child Development, 

78, 647–663.  

Brocki, K. C., Nyberg, L., Thorell, L. B., & Bohlin, G. (2007). Early Concurrent and 

Longitudinal Symptoms of ADHD and ODD: Relations to Different Types of Inhibitory 

Control and Working Memory. Journal of Child Psychology and Psychiatry, 48(10), 

1033–1041. 



31 

Bull, R., & Scerif, G. (2001). Executive functioning as a predictor of children’s mathematics 

ability: Inhibition, switching, and working memory. Developmental Neuropsychology, 

19(3) 273-293. 

Cain, K., Oakhill, J., & Bryant, P. (2004). Children’s Reading Comprehension Ability: 

Concurrent Prediction by Working Memory, Verbal Ability, and Component Skills. 

Journal of Educational Psychology, 96(1), 31- 42. 

Carlson, S. M., Faja, S., & Beck, D. M. (2016). Incorporating early development into the 

measurement of executive function: The need for a continuum of measures across 

development. In J. A. Griffin, P. McCardle, & L. S. Freund (Eds.), Executive function in 

preschool-age children: Integrating measurement, neurodevelopment, and translational 

research. (pp. 45–46).  

Carlson, S. M., Mandell, D. J., & Williams, L. (2004). Executive function and theory of mind: 

Stability and prediction from ages 2 to 3. Developmental Psychology, 40, 1105–1122. 

Carlson, S. M., & Wang, T. (2007). Inhibitory control and emotion regulation in pre- school 

children. Cognitive Development, 22, 489–510. 

Carlson, S. M., & White, R. E. (2013). Executive function, pretend play, and imagi- nation. In 

M. Taylor (Ed.), The Oxford handbook of the development of imagination (pp. 161–174).

Casey, B. J., Galvan, A., & Hare, T. A. (2005). Changes in cerebral functional organization 

during cognitive development. Current Opinion in Neurobiology, 15(2), 

239–244. 



32 

Casey, B. J., Tottenham, N., & Fossella, J. (2002). Clinical, imaging, lesion, and genetic 

approaches toward a model of cognitive control. Developmental Psychobiology, 40, 237–

254.  

Cicchetti, D. (2002). The impact of social experience on neurobiological systems: Illustration 

from a constructivist view of child maltreatment. Cognitive Development, 17, 

1407–1428. 

 Cohen, J., Cohen, P., West, S.G., & Aiken, L.S. (2003). Applied multiple  regression/correlation 

analysis for the behavioral sciences (3rd ed.). Mahwah, NJ US: Lawrence Erlbaum 

Associates Publishers. 

Collins, A., & Koechlin, E. (2012). Reasoning, learning, and creativity: Frontal lobe function and 

human decision-making. PLoS Biology, 10(3).  

Cromley, J. G., & Azevedo, R. (2007). Testing and refining the direct and inferential mediation 

model of reading comprehension. Journal of Educational Psychology, 99(2), 311-325. 

Daneman, M., Carpenter, P. A. (1980). Individual difference in working memory and reading. 

Journal of Verbal Learning & Verbal Behavior, 19(4), 450-466. 

Davis-Kean, P. E., & Sexton, H. R. (2009). Race Differences in Parental Influences on Child 

Achievement: Multiple Pathways to Success. Merrill-Palmer Quarterly: Journal of 

Developmental Psychology, 55(3), 285-318. 

Denham, S. A., Workman, E., Cole, P. M., Weissbrod, C., Kendziora, K. T., & Zahn-Waxler, C. 

(2000). Prediction of externalizing behavior problems from early to middle childhood: 

The role of parental socialization and emotion expression. Development and  

Psychopathalogy, 12(1), 23-45.  



33 

De Smedt, B., Janssen, R., Bouwens, K., Verschaffel, L., Boets, B., & Ghesquière, P. (2009). 

Working memory and individual differences in mathematics achievement: A longitudinal 

study from first grade to second grade. Journal of Experimental Child Psychology, 

103(2), 186–201.  

DeStefano, D., & LeFevre, J.-A. (2004). The role of working memory in mental arithmetic. 

European Journal of Cognitive Psychology, 16(3), 353–386. 

Diamond, A. (2002). Normal development of prefrontal cortex from birth to young adulthood: 

Cognitive functions, anatomy, and biochemistry. In D. T. Stuss, & R. T. Knight (Eds.). 

Principles of frontal lobe function. Oxford: Oxford University Press. 

Diamond, A. (2006). The early development of executive: functions. In E. Bialystok & F. I. M. 

Craik (Eds.), Lifespan cognition: Mechanisms of change (pp.70-95). 

Diamond, A. (2013). Executive functions. Annual Review of Psychology. 64, 135- 168.  

Diamond, A. (2014). Want to optimize executive functions and academic outcomes? Simple, just 

nourish the human spirit. In P. D. Zelazo & M. D. Sera (Eds.), Developing cognitive 

control processes: Mechanisms, implications, and interventions. (Vol. 37, pp. 205-230). 

Hoboken, NJ: John Wiley & Sons Inc. 

Diamond, A., Barnett, W. S., Thomas, J., & Munro, S. (2007). Preschool program improves 

cognitive control. Science, 318(5855), 1387–1388.  

Dumontheil, I., & Klingberg, T. (2012). Brain activity during a visuospatial working memory 

task predicts arithmetical performance 2 years later. Cerebral Cortex, 22(5), 1078-1085. 



34 

Eisenberg, N., Cumberland, A., Spinrad, T. L., Fabes, R. A., Shepard, S. A., Reiser, M., … 

Guthrie, I. K. (2001). The relations of regulation and emotionality to children’s 

 externalizing and internalizing problem behavior. Child Development, 72(4), 1112–1134. 

Eisenberg, N., Spinrad, T. L., & Smith, C. L. (2004). Emotion-related regulation: Its  

conceptualization, relations to social functioning, and socialization. In P. Philippot & R. 

S. Feldman (Eds.), The regulation of emotion. (pp. 277–306). Mahwah, NJ: Lawrence

Erlbaum Associates Publishers. 

Espy, K. A., McDiarmid, M. M., Cwik, M. F., Stalets, M. M., Hamby, A., & Senn, T. E. (2004). 

The contribution of executive functions to emergent mathematic skills in preschool 

children. Developmental Neuropsychology, 26, 465–486.  

Field, T. (2011). Prenatal depression effects on early development: A review. Infant Behavior 

and Development, 34, 1–14.  

Friedman, N. P., & Miyake, A. (2017). Unity and diversity of executive functions: Individual 

differences as a window on cognitive structure. Cortex: A Journal Devoted to the Study 

of the Nervous System and Behavior, 86, 186–204.  

Fuhs, M. E., & Day, J. D. (2011). Verbal ability and executive functioning development in 

preschoolers at Head Start. Developmental Psychology, 47, 404–416.  

Gagne, J. R., Saudino, K. J., & Asherson, P. (2011). The genetic etiology of inhibitory control 

and behavior problems at 24 months of age. Journal of Child Psychology and Psychiatry, 

52(11), 1155–1163. 



35 

Gathercole, S. E., & Pickering, S. J. (2000). Working memory deficits in children with low 

achievements in the national curriculum at 7years of age. British Journal of Education 

Psychology, 70, 177–194. 

Gathercole, S. E., Pickering, S. J., Knight, C., & Stegmann, Z. (2004). Working memory skills 

and educational attainment: Evidence from national curriculum assessments at 7 and 

14 years of age. Applied Cognitive Psychology, 18, 1–16. 

Garon, N., Bryson, S. E., & Smith, I. M. (2008). Executive function in preschoolers: A review 

using an integrative framework. Psychological Bulletin, 134(1), 31–60.  

Gartstein, M. A., Bridgett, D. J., Rothbart, M. K., Robertson, C., Iddins, E., Ramsay, K., et al 

(2010). A latent growth examination of fear development in infancy: Contributions of 

maternal depression and the risk for toddler anxiety. Developmental Psychology, 46, 

651–668.  

Gooch, D., Hulme, C., Nash, H. M., & Snowling, M. J. (2014). Comorbidities in preschool 

children at family risk of dyslexia. Journal of Child Psychology and Psychiatry, 55(3), 

237–246. 

Goos, L. M., Crosbie, J., Payne, S., & Schachar, R. (2009). Validation and extension of the 

endophenotype model in ADHD patterns of inheritance in a family study of inhibitory 

control. The American Journal of Psychiatry, 166(6), 711–717. 

Gremillion, M. L., Smith, T. E., & Martel, M. M. (2018). Verbal working memory as a 

longitudinal mechanism of vocabulary problems in preschoolers with ADHD. Journal of 

Psychopathology and Behavioral Assessment, 40(1), 130–138.  



36 

Gut, J., Reimann, G., & Grob, A. (2013). A Contextualized View on Long-Term-Predictors of 

Academic Performance. Journal of Educational Psychology,105(2), 436-443. 

Hammen, C., & Brennan, P. A. (2003). Severity, chronicity, and timing of maternal depression 

 and risk for adolescent offspring diagnoses in a community sample. Archives of General 

 Psychiatry, 60, 253–258.  

Haukoos, J. S., & Newgard, C. D. (2007). “Advanced statistics: missing data in clinical 

research—part 1: an introduction and conceptual framework.” Academic Emergency 

Medicine 14.7 662-668. 

Howse, R. B., Lange, G., Farran, D. C., & Boyles, C. D. (2003). Motivation and self-regulation 

 as predictors of achievement in economically disadvantaged young children. Journal of 

 Experimental Education, 71, 151. 

Hughes, C. (2005). Executive function and development. In B. Hopkins (Ed.), Cambridge 

 encyclopedia of development (pp. 313-316). 

 Hughes, C., & Ensor, R. (2008). Does Executive Function Matter for Preschoolers’ Problem 

Behaviors? Journal of Abnormal Child Psychology, 36(1), 1–14. 

Hughes, C., & Ensor, R. (2011). Individual differences in growth in executive function across 

 the transition to school predict externalizing and internalizing behaviors and self-  

 perceived academic success at 6 years of age. Journal of Experimental Child Psychology, 

 108, 663–676.  

Hughes, C., Ensor, R., & Marks, A. (2011). Individual Differences in False Belief Understanding 

Are Stable from 3 to 6 Years of Age and Predict Children’s Mental State Talk with School 

Friends. Journal of Experimental Child Psychology, 108(1), 96–112.  



37 

Hughes, C., Roman, G., Hart, M. J., & Ensor, R. (2013). Does maternal depression predict young 

children’s executive function?—A 4-year longitudinal study. Journal of Child Psychology 

and Psychiatry 54(2), 169-177. 

Huttenlocher, P. R. (1979). Synaptic density in human frontal cortex – developmental changes 

 and effects of aging. Brain Research, 163(2), 195–205.  

Huttenlocher, P. R. (1990). Morphometric study of human cerebral cortex development. 

 Neuropsychologia, 28(6), 517–527.  

Jacques, S.,& Marcovitch, S. (2010).Development of executive function across the: life: span. In 

W. F. Overton Ed.), Cognition, biology and methods across the lifespan: Volume  1 of the 

handbook of life-span development (pp.431-466).  

Kenny, D.A., Kashy, D.A., & Cook, W.L (2006) Dyadic Data Analysis. New York, NY:  

Guilford Press. 

Language and Reading Consortium, Currie, N.K., & Muijselaar, M. M. L. (2019). Inference 

making in young children: The concurrent and longitudinal contributions of verbal 

working memory and vocabulary. Journal of Educational Psychology, 111(8), 1416-

1431. 

Lehto, J. (1995). Working memory and school achievement in the ninth form. Educational 

Psychology, 15, 271. 

 Lehto, ]. E., Juujarvi, P., Kooistra, L., & Pulkkinen, L. (2003). Dimensions of executive: 

functioning: Evidence: from children. British Journal of Developmental Psychology, 21, 

59-80.



38 

Leschied, A. W., Chiodo, D., Whitehead, P. C., & Hurley, D. (2005). The relationship between 

maternal depression and child outcomes in a child welfare sample: Implications for 

treatment and policy. Child and Family Social Work, 10, 281–291.  

Logue, S. F., & Gould, T.J. (2014). The neural and genetic basis of executive function; 

Attention, cognitive flexibility, and response inhibition. Pharmacology, Biochemistry, 

and Behavior,  123, 45-54.  

Lunt, L., Bramham, J., Morris, R. G., Bullock, P. R., Selway, R. P., Xenitidis, K., & David, A. S. 

(2012). Prefrontal cortex dysfunction “Jumping to Conclusions”: Bias or deficit: Journal 

of Neuropsychology, 6,  65-78.  

McClelland, M. M., Acock, A. C., Piccinin, A., Rhea, S. A., & Stallings, M. C. (2013). Relations 

between preschool attention span-persistence and age 25 educational outcomes. Early 

Childhood Research Quarterly, 28, 314–324.  

McClelland, M. M., Cameron, C. E., Connor, C. M., Farris, C. L., Jewkes, A. M., & Morrison, F. 

J. (2007). Links between behavioral regulation and preschoolers’ literacy, vocabulary,

and math skills. Developmental Psychology, 43, 947–959.  

McClelland, M. M., Morrison, F. J., & Holmes, D. L. (2000). Children at risk for early academic 

problems: The role of learning-related social skills. Early Childhood Research Quarterly, 

15, 307–329.  

McCutchen, D. (1996). A capacity theory of writing: Working memory in composition. 

Educational Psychology Review, 8(3), 299-325. 

McKnight, P. E., McKnight, K. M., & Figueredo, A. J. (2007). Missing Data: A gentle 

introduction. Guilford Press. 



 

39 

 

 

McLennan, J. D., Kotelchuck, M., & Cho, H. (2001). Prevalence, persistence, and correlates of 

depressive symptoms in a national sample of mothers of toddlers. Journal of the 

American Academy of Child and Adolescent Psychiatry, 40, 1316–1323.  

Miller, E. K., & Cohen, J. D. (2001). An integrative theory o f prefrontal cortex function. Annual 

Review of Neuroscience, 24, 167-202.  

Miyake, A., & Friedman, N. P. (2012). The nature and organization of individual differences in 

executive functions: Four general conclusions. Current Directions in Psychological 

Science, 21(1), 8–14. 

Miyake, A., Friedgaman, N. P., Emerson, M.J., Wittki, A. H., Howerter, A., & Wager, T. D. 

(2000). The unity and diversity of executive functions and their contributions to complex 

"frontal lobe" tasks: A latent variable analysis. Cognitive Psychology, 41, 49-100.   

Moffitt, T. E., Arseneault, L., Belsky, D., Dickson, N., Hancox, R. J., Harrington, H., … Caspi, 

A. (2011). A gradient of childhood self-control predicts health, wealth, and public safety. 

PNAS Proceedings of the National Academy of Sciences of the United States of America, 

108 (7), 2693-2698. 

Moriguchi, Y., & Hiraki, K. (2011). Longitudinal development of prefrontal function during 

early childhood. Developmental Cognitive Neuroscience, 1(2), 153–162.  

Morrison, F. J., Ponitz, C. C., & McClelland, M. M. (2010). Self-regulation and academic 

achievement in the transition to school. In S. D. Calkins & M. A. Bell (Eds.), Child 

development at the intersection of emotion and cognition. (pp. 203–224).  

Murnane, R. J., & Ohers. (1981). Home Resources and Children’s Achievement. Review of 

Economics and Statistics, 63(3), 369-376. 



40 

Murray, L., Arteche, A., Fearon, P., Halligan, S., Goodyer, I., & Cooper, P. (2011). Maternal 

postnatal depression and the development of depression in offspring up to 16 years of 

age. Journal of the American Academy of Child and Adolescent Psychiatry, 50, 460–470. 

Newgard, C. D., & Haukoos, J. S. (2007). Advanced statistics: missing data in clinical 

research—part 2: multimple imputation. Academic Emergency Medicine 14.7 669-678. 

Nigg, J. T., Wong, M. M., Martel, M. M., Jester, J. M., Puttler, L. I., Glass, J. M., . . . Zucker, R. 

A. (2006). Poor response inhibition as a predictor of problem drinking and illicit drug use

in adolescents at risk for alcoholism and other substance use disorders. Journal of the 

American Academy of Child and Adolescent Psychiatry, 45, 468–475.  

Peet, S. H., Powell, D. R., & O’Donnel, B. K. (1997). Mother–teacher congruence in perceptions 

of the child’s competence and school engagement: Link to academic 

achievement. Journal of Applied Developmental Psychology, 18, 373–393. 

Petersen, I. T., Hoyniak, C. P., McQuillian, M. E., Bates, J.E., & Staples, A. D. (2016). 

Measuring the development of inhibitory control: The challenge of heterotypic 

continuity. Developmental Review, 40, 25–71.  

Phillipson, S. (2010). Modeling parental role in academic achievement: Comparing high-ability 

to low- and average-ability students. Talent Development & Excellence, 2, 83–103. 

Phillipson, S., & Phillipson, S. N. (2007). Academic Expectations, Belief of Ability, and 

Involvement by Parents as Predictors of Child Achievement: A Cross-Cultural 

Comparison. Educational Psychology, 27(3), 329-348. 

Piaget, J. (1954). The construction of reality in the child. New York: Basic Books. 



41 

Pomerantz, E. M., & Dong, W. (2006). Effects of Mothers’ Perceptions of Children’s 

Competence: The Moderating Role of Mothers’ Theories of Competence. Developmental 

Psychology, 42(5), 950-961. 

Ponitz, C. C., McClelland, M. M., Matthews, J. S., & Morrison, F. J. (2009). A structured 

observation of behavioral self-regulation and its contribution to kindergarten outcomes. 

Developmental Psychology, 45, 605–619. 

Raaijmakers, M. A., Smidts, D. P., Sergeant, J. A., Maassen, G. H., Posthumus, J. A., Van 

Engeland, H., & Matthys, W. (2008). Executive functions in preschool children with 

aggressive behavior: Impairments in inhibitory control. Journal of Abnormal Child  

Psychology, 36, 1097– 1107. 

Rodriguez, M. L., Mischel, W., & Shoda, Y. (1989). Cognitive person variables in the delay of 

gratification of older children at risk. Journal of Personality and Social Psychology, 57, 

358–367.  

Saudino, K. J., Carter, A. S., Purper-Quakil, D., & Norwood, P. (2008). The etiology of behavior 

problems and competencies in very young twins. Journal of Abnormal Psychology, 

117(1), 48-62. 

Scarborough, H. S. (2001). Connecting early language and literacy to later reading (dis)abilities: 

Evidence, theory, and practice. In S. Neuman, & D. Dickinson (Eds.), Handbook for 

research in early literacy (pp. 97–110). New York: Guilford Press.  

Schafer, J. L. (1991). Multiple imputation: a primer. Statistical Methods in Medical Research, 

8.1 3-15. 



 

42 

 

 

Schmitt, S. A., Purpura, D. J., & Elicker, J. G. (2019). Predictive links among vocabulary, 

mathematical language, and executive functioning in preschoolers. Journal of 

Experimental Child Psychology, 180, 55–68. 

Shoda, Y., Mischel, W., & Peake, P. K. (1990). Predicting adolescent cognitive and self-

regulatory competencies from preschool delay of gratification. Developmental 

Psychology, 26, 978–986.  

Sowell, E. R., Thompson, P. M., Holmes, C. J., Jernigan, T. L., & Toga, A. W. (1999). In vivo 

evidence for post-adolescent brain maturation in frontal and striatal regions. Nature 

Neuroscience, 2(10), 859–861. 

St Clair-Thompson, H. L., & Gathercole, S. E. (2006). Executive functions and achievements in 

school: Shifting, updating, inhibition, and working memory. Quarterly Journal of 

Experimental Psychology, 59, 745–759.  

Sterne, J. A. C., et al. (2009). “Multiple imputation for missing data in epidemiological and 

clinical research: potential and pitfalls.” BMJ: British Medical Journal, 338.  

Swanson, H. L. & Berninger, V. W. (1996). Individual differences in children’s working 

memory and writing skill. Journal of Experimental Child Psychology, 63(2), 358-385. 

Weiland, C., Barata, M. C., & Yoshikawa, H. (2014). The co‐occurring development of 

executive function skills and receptive vocabulary in preschool-aged children: A look at 

the direction of the developmental pathways. Infant and Child Development, 23(1), 4–21. 

Wolfe, C. D., & Bell, M. A. (2007). The integration of cognition and emotion during infancy and 

 early childhood: Regulatory processes associated with the development of working  

 memory. Brain and Cognition, 65(1), 3–13.  



43 

Yamamoto, Y., & Holloway, S. D. (2010). Parental Expectations and Children’s Academic 

Performance in Sociocultural Context. Educational Psychology Review, 22(3), 189-214. 

Zelazo, P. D., Blair, C. B., & Willoughby, M. T. (2016). Executive function: Implications for  

education. Report NCER 2017-2000, National Center for Education Research, Institute of 

Education Sciences, U.S. Department of Education, Washington, DC. 

Zelazo, P. D., & Müller, U. (2010). Executive function in typical and atypical development. In 

U. Goswami (Ed.), The Wiley-Blackwell handbook of childhood cognitive development

(2nd ed., pp. 574–603). Hoboken, NJ: Wiley-Blackwell. 



44 

APPENDIX A 

Table 1. Association Amongst Study Variables. 

Measure 1 2 3 4 5 6 7 

1. Stroop
-- -.341** -.182* -.035 -.040 -.064 -.338** 

2. Spin-the-Pots
-- .241** -.069 .094 -.008 .165 

3. PPVT-IV
-- -.213**  -.099 -.162* -.310** 

4. CES-D
--   .542** .442** -.198* 

5. STAI-Trait
-- .558** -.188* 

6. STAI-State
-- -.262** 

7. HBQ
-- 

Mean 2.142 7.530 107.660 2.5256 32.851 28.523 5.370 

     Standard Dev .760 1.908 14.258 1.232 7.359 6.234 1.140 

         Note. Stroop represents reverse scored and square root variables. CES-D has also been 

square root transformed.*p<.05,**p<.01 

Table 2. Gender Differences Amongst Study Variables. 

Girls 

 (n=96) 

Boys 

(n=102) 

Measure 
Mean (SD) Mean (SD) t-value df p-value

Effect 

Size 

1. Stroop
2.02 (.78) 2.26 (.73) 2.10 172 0.037 0.32 

2. Spin-the-Pots
7.63 (1.93) 7.43 (1.89) -0.70 189 .482 -0.10

3. PPVT-IV
107.43 (13.52) 107.89 (15.01) 0.22 191     .825 0.03 

4. HBQ
5.38 (1.07) 5.36 (1.20) -0.08 121 .936 -0.01

Note. Stroop is reverse scored and square root transformed values. CES-D is also square root 

transformed values. 
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Table 3. Model of Executive Functioning Predictors of Vocabulary. 

Fixed Effect b SE t-value df p-value

Intercept 108.92 1.28 84.90 95 <0.001 

Stroop -0.15 1.18 -2.41 95 0.018 

Spin-the-Pots 0.10 0.47 1.54 95 0.126 

Note. Stroop is the task for inhibitory control; Spin-the-Pots is the task for working memory. 

Table 4. Model of Maternal Predictors of Inhibitory Control. 

Fixed Effect b SE t-value df p-value

Intercept 2.14 0.06 37.05 93 <0.001 

CES-D -0.02 0.05 -0.26 93 0.798 

STAI-Trait -0.02 0.01 -0.23 93 0.819 

Note. CES-D is the maternal depression symptom scale, and STAI is the maternal anxiety scale for both 

trait anxiety and state anxiety.  

Table 5. Model of Maternal Predictors of Working Memory. 

Fixed Effect b SE t-value df p-value

Intercept 7.53 0.13 57.15 97 <0.001 

CES-D -0.16 0.13 -1.93 97 0.056 

STAI-Trait 0.17 0.02 1.98 97 0.051 

Note. CES-D is the maternal depression symptom scale, and STAI is the maternal anxiety scale for both 

trait anxiety and state anxiety.  
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Table 6. Model of Maternal Predictors of Vocabulary. 

Fixed Effect b SE t-value df p-value

Intercept 107.65 1.22 87.89 97 <0.001 

CES-D -0.24 1.17 -2.44 97 0.017 

STAI-Trait 0.06 0.20 0.56 97 0.576 

Note. CES-D is the maternal depression symptom scale, and STAI is the maternal anxiety scale for 

both trait anxiety and state anxiety.  

Table 7. Model of Preschool Executive Functioning and Vocabulary Predictors of Elementary 

School Academic Competence. 

Fixed Effect b SE t-value df p-value

Intercept 5.28 0.10 50.99 58 <0.001 

Stroop -0.27 0.15 -2.72 58 0.008 

Spin-the-Pots 0.03 0.06 0.28 58 0.777 

PPVT-IV 0.27 0.01 2.87 58 0.006 

Note. Stroop is the task for inhibitory control; Spin-the-Pots is the task for working memory, and 

PPVT-IV is the task for vocabulary. All predictors were done at preschool.  




