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Abstract
Executive function (EF) encompasses an array of higher-order cognitive skills that have been
associated with optimal functioning (Garon et al., 2008). Children’s EF unfolds over time and may be
influenced by multiple factors, including caregiver-child relationships, household environments, and
dietary consumption. Children with more secure attachment representations (Menon et al., 2020) and who
eat more healthy foods instead of snack foods or processed meats have been found to have more optimal
EF abilities (Cohen et al., 2016; Isaacs & Oates, 2008). Literature has also shown that higher household
chaos is associated with lower EF skills (Dumas et al., 2005; Pike et al., 2006) and may indirectly predict
behavioral regulation for children and impact parenting behaviors (Vernon-Feagans et al., 2016). In this
study, we tested two models examining influences on children’s EF: one that examined the relationship
between observed child attachment security and child EF, and the other that examined parent-reported
dietary consumption and child EF. A third aim was to determine if household chaos moderated these
relationships.
The sample consisted of 275 families participating in a more extensive birth cohort study of
nutrition and child health. Home observations were conducted when children were 18-24 months (52%
females) to assess child attachment security (van IJzendoorn et al., 2004). Caregivers completed the Food
Frequency Questionnaire (FFQ; Nutrition Quest, 2014) to evaluate children’s dietary consumption. PCA
analyses were used to determine child dietary consumption through food groupings. The Confusion,
Hubbub, and Order Scale (CHAOS; Matheny et al., 1995) assessed household chaos, and the Behavior
Rating Inventory of Executive Function®-Preschool Version (BRIEF-P; Gioia et al., 1996) was used to
measure children’s EF. The following subscales of the BRIEF-P were used in all analyses: Inhibitory
Self-Control (ISCI), Flexibility (FI), and Emergent Metacognition (EM). Multiple regressions were used
to test study hypotheses.
Child attachment security (β = -0.24, p = 0.03), and household chaos (β = 0.41, p ≤ 0.001) were
both independent and significant predictors of ISCI scores (see Table 5). For the EMI subscale, only
household chaos (β = 0.40, p = 0.002) was a significant predictor (see Table 6). Additionally, child
attachment security (β = -0.23, p = 0.03) and household chaos (β = 0.31, p = 0.003) were found to be
significant predictors of EF FI scores (see Table 7). For the second model, all analyses examining
associations between dietary consumption, household chaos, and child EF subscales revealed significant
effects for household chaos only with betas ranging from -0.02-0.38 (see Tables 8-12).
These findings suggest that child attachment security, child dietary consumption, and household
chaos may independently and uniquely impact children’s EF during early childhood. Future longitudinal
studies that include multi-method approaches are needed to shed light on these associations over time.
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Chapter 1: Introduction and Literature Review
Executive function (EF) encompasses an array of higher-order cognitive skills that have been
associated with optimal functioning (Garon et al., 2008). EF abilities involve a set of processes that
regulate thoughts and behaviors, affecting how children react to situations and relationships across
various contexts. EF consists of general-purpose control mechanisms that are often linked to the brain’s
prefrontal cortex (PFC), and this function helps regulate an individual’s thoughts and behaviors (Miyake
& Friedman, 2012). Children’s EF unfolds over time with PFC development and is influenced by a
myriad of multi-level factors. In addition to genetic contributions (Barnes et al., 2011; Diamond, 2013;
Gilbert & Burgess, 2008; Greene et al., 2008), parenting quality, dietary intake, and household
environment factors have been shown to impact children’s EF. For example, children with more secure
attachment representations have been shown to have higher EF capacities (Menon et al., 2020), and the
overall caregiving environment is thought to be critical in promoting the development of children’s EF
(Bernier et al., 2015; Bernier et al., 2012; Diamond et al., 2007; Fay-Stammbach et al., 2014). In addition,
research has shown that young children who eat more healthy foods and fewer snack foods or processed
meats tend to have more optimal EF abilities (Cohen et al., 2016; Isaacs & Oates, 2008). With respect to
household environments, research findings suggest that higher household chaos (settings high in noise
and crowding) is associated with lower executive functioning skills, such as limited ability to focus
(Dumas et al., 2005; Pike et al., 2006), and may indirectly predict behavioral regulation for children and
impact parenting behaviors (Vernon-Feagans et al., 2016)
Although these modifiable aspects of a child’s environment may impact EF development, much
less is known about the interplay among parenting quality, dietary consumption, and household
environment factors as influences on children’s EF. To address this gap in the literature, we tested two
models of the impact of these factors on children’s EF. The first model examined the relations between
observed child attachment security and child EF abilities. The second model examined parent-reported
dietary consumption and child EF. In both models, household chaos was tested as a moderator.
Executive Function
EF consists of general-purpose control mechanisms that are often linked to the brain’s PFC. The
literature shows that EF may regulate and impact the dynamics of cognition, actions, and create meaning
for all ages (Garon et al., 2008; Miyake & Friedman, 2012). These processes develop throughout
childhood and adolescence and may play a role in a child’s social, emotional, and physical interactions
(Anderson, 2002; Isquith et al., 2005). The frontal lobes, specifically the PFC, send and receive
information from major sensory and motor control regions. The PFC is an essential brain structure that
controls and oversees neural systems located in cortical and subcortical areas. The PFC continually
monitors activities in the cortical and sub-cortical regions while simultaneously sending signals to all of

2
these structures to control and perform certain behaviors (Funahashi & Andreau, 2013). Thus, these
signals help assist with an individual’s executive function abilities and behaviors.
Within the literature, there is a general consensus regarding three core factors or dimensions of
EF. These include Inhibitory Control, Working Memory, and Cognitive Flexibility or set-shifting. These
processes govern goal-directed actions and responses to complex or significant situations (Hughes &
Devine, 2019; Hughes & Ensor, 2009). They may consist of reasoning, problem-solving, and planning
within a child’s life (Collins & Koechlin, 2012; Lehto et al., 2003; Lunt et al., 2012; Miyake & Friedman,
2012). These EF abilities and skills are crucial for success in school, cognitive and social development,
and physical and mental health (Diamond, 2013).
The ability to inhibit behavioral responses, shift attention when needed, control emotions,
plan/organize, and use one’s working memory all fall within EF’s definition. Inhibitory control
encompasses the ability to control one’s emotions, attention, behaviors, and thoughts while doing what
may be appropriate or needed in a given situation (Diamond, 2013). Shift refers to the ability to move
freely from one situation or aspect of a problem to another. Emotional control refers to difficulties of
emotional expression, and a child’s ability to control one’s emotions. Planning/organizing involves the
child’s ability to manage current or future tasks in an array of situations. Lastly, working memory taps
into the capacity to hold information in memory for goals or plans. Collectively, these aspects constitute
the broader construct of EF. These concepts can also be combined to create other forms of EF, which may
include combining inhibition and emotional control, shifting and emotional control, and working memory
and planning/organizing. These combinations will be used in the present study to illustrate further
different components of EF (Ezpeleta et al., 2015; Gioia et al., 1996). Additionally, many of these
components of EF may work within separate parts of the brain, including the frontal lobe, temporal lobe,
parietal lobe, and sensory cortex (Aron, 2008; Blakemore & Choudhury, 2006; Gilbert & Burgess, 2008).
Child Attachment Security/Parenting Quality and Children’s EF
The early caregiving environment is widely studied using assessments of parent-child attachment
security. A secure attachment is thought to provide the child with a haven of safety and a sense of being
worthy of care and protection (Posada et al., 2013; van IJzendoorn et al., 1992). According to Bowlby
(1979), all infants are born with a behavioral attachment system that, when activated in times of distress
or need, leads infants to seek proximity to adult caregivers (Bretherton, 1985). The nature and quality of
the attachment relationship are determined by caregiving responses to a child’s bids for proximity,
support, or help in times of distress. As such, the attachment relationship has important implications for
biobehavioral stress regulation, including a child’s ability to develop capacities to regulate emotion,
behavior, and attention – all essential aspects of EF. Early life attachment disruptions may negatively
impact EF, including behavioral inhibition and emotion regulation (Blair et al., 2018). Researchers have
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also proposed that the affective bond that characterizes secure attachment relationships may provide
children with a safe relational context. This may then help children gradually learn to self-regulate actions
defined by EF (Bernier et al., 2015; Kochanska & Aksan, 1995; Lewis & Carpendale, 2009).
Previous studies suggest that children who are more securely attached to their mothers show
better performance on EF tasks (Bernier et al., 2015; Meuwissen & Englund, 2016). Parent-child
relationships may directly affect a child’s working memory, emotion regulation, and cognitive flexibility.
Bernier et al.’s (2010, 2012, 2015) results suggested that scores of child attachment and parenting
behaviors (18-26 months and 15 months to 3 years old) were related to child performance on working
memory and cognitive flexibility tasks. If the parent-child relationship was strong, there was an increased
likelihood of the child having better working memory or cognitive flexibility abilities (Bernier et al.,
2015; Bernier et al., 2010).
Additionally, parent-child relationships and parenting have often been proposed to impact
children’s prefrontal brain structure, affecting various levels of EF (Bernier et al., 2015). Many
researchers express the importance of EF and parenting on later outcomes, including school readiness,
emotional control within schools, and verbal ability (Diamond & Lee, 2011). Furthermore, parenting
quality and EF may have a bidirectional relationship (Blair et al., 2014). While longitudinally examining
children (aged 36 to 60 months), researchers found that parenting sensitivity and responsiveness predicted
higher positive changes in EF, and EF may bidirectionally predict a shift in parenting quality. This link
provides insight into the importance of caregiving relationships at a young age and the transactional
relations between early experiences and EF.
In addition to child attachment security, others have examined parent-child relationships using
assessments of maternal sensitivity and parenting styles. Bernier et al. (2010) assessed this relationship
using maternal sensitivity during interactions, maternal mindfulness, and maternal autonomy support. The
researchers found that all three parenting dimensions (maternal sensitivity, mind-mindedness, and
autonomy support) were positively related to the child’s EF scores (Bernier et al., 2010). In addition,
researchers have found that parental behaviors show patterns of associations with children’s EF abilities,
highlighting how positive and negative interactions within the parent-child relationship may influence
children’s cognitive abilities (Hughes & Devine, 2019). In a recent meta-analysis, researchers found
associations between parental behaviors and EF with a significant moderation of child age, with younger
children showing a more substantial effect size. Additionally, positive (warmth, responsiveness,
sensitivity) and negative (control, detachment, intrusiveness) parental behaviors had a stable association
with EF across various age groups (0-8 years) (Valcan et al., 2018). Researchers found small effect sizes
when examining environmental and genetic effects but indicated that cognitive abilities and genetic
effects tend to increase with age (Plomin et al., 1997; Valcan et al., 2018).
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The research surrounding EF and attachment focuses on the healthy development of a child. This
research allows us to understand from past literature and theory that early relationships and the quality of
those relationships are essential for children’s developing cognitive abilities. Given the importance of EF
and child attachment security, it is crucial to analyze multiple dimensions of EF and at different age
groups. Children are building a bond with an adult or caregiver at a young age, and this relationship may
shape how their PFC and cognitive abilities structure themselves. Since there is an established
relationship between child attachment security and EF, it is novel to analyze different facets of EF
through various subscales and avenues.
Dietary Consumption and Children’s EF
In addition to sensitive and responsive caregiving, nutrition plays an important role in healthy
development, including EF capacities. Researchers have found a relationship that may create a
bidirectional link between EF and dietary consumption. Riggs et al. (2010) found that in fourth-grade
students (M = 9.4), EF proficiency was negatively related to snack food intake. They discussed how youth
with enhanced cognitive abilities and emotional control skills might be better at inhibiting cognitive and
emotional rewards that may come with snack food. They also explain that youth with stronger working
memory skills may have more goals to eat healthier foods (Riggs et al., 2010). This study illustrates that
cognition may impact dietary consumption on multiple levels. Literature also shows that creative thinking
and working memory may be impacted by added sugar and dietary fiber. For example, in preadolescent
children, researchers have found that added sugar intake was negatively associated with tests of creative
thinking, and that dietary fiber was positively associated with overall creative thinking (Hassevoort et al.,
2020). Additionally, researchers found that executive cognition-function in fourth-grade children was
negatively associated with high-calorie snack food intake and positively associated with fruit and
vegetable intake (Riggs et al., 2012).
Through a recent systematic review exploring young and old adolescents and older children,
researchers examined various studies that found a positive association between healthy food consumption
and EF, including whole grains, fish, fruits, and vegetables. In addition, less nutritious food, including
snack foods, sugar-sweetened beverages, and processed meats, were inversely related to EF (Cohen et al.,
2016). The studies contained various forms of executive function, including inhibition, working memory,
and attention and planning. When specifically examining inhibition in adolescents, researchers found a
positive association between inhibitory problems, poor decision-making, and sweet drink and snack food
intake (Ames et al., 2014). Researchers have also examined cognition in older children and young
adolescents and found that intake of mixed grains is beneficial for cognitive performance (Chung et al.,
2012), and poorer diet quality may be associated with worse cognition (Haapala et al., 2015). In addition,
researchers have found that increased fish intake, using a cluster-randomized cross-over trial, explained
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increases in reading and inattention performance in third and fourth-grade children (age 8-11 years)
(Sorensen et al., 2015). Timing of meals and the type of food may also influence performance throughout
the day. For example, a typical breakfast that is rich in carbohydrates has been found to help mental
performance, including attention and memory, through the morning and day (Wesnes et al., 2003).
Overall, study findings suggest positive associations between healthy food consumption and
children’s EF abilities, and negative associations between snack, processed, or more unhealthy food
consumption and children’s EF abilities. However, most of the studies were conducted with older children
and adolescent samples and focus on school-related executive function tasks. The current study focuses
on a younger population (18-24 months), which can help researchers and community members understand
the effect of dietary consumption on children’s EF at a younger age.
Household Chaos
Household chaos describes an environment that is high in noise and crowding and low in
regularity and routines (Vernon-Feagans et al., 2016). Researchers have found that household chaos is
associated with less effective parental discipline, behavior problems, limited attentional focusing, reduced
ability to understand and act in social situations, and reduced accuracy and efficiency in cooperative
parent-child tasks (Dumas et al., 2005). This high level of noise and chaos may result in lower caregiver
attentiveness, responsivity, and verbal stimulation (Wachs, 1993; Wachs & Camli, 1991). Additionally,
researchers have found a direct association between elevated levels of household chaos and poor
performances on tasks that are related to core components of executive functioning such as inhibitory
control, cognitive flexibility, working memory, attention, and effortful control (Andrews et al., 2020;
Brown et al., 2010; Chen et al., 2014; Hughes & Ensor, 2009; Hur et al., 2015). Higher levels of
household chaos may also interfere with a child’s competency levels, creating a lack of control within
their environment (Evans & Stecker, 2004). Furthermore, researchers have found that household
disorganization may also negatively influence working memory, attention shifting, and other forms of
inhibitory control (Berry et al., 2016). Additionally, a lack of routines has often been linked to poor
performance on EF tasks within kindergartners (Martin et al., 2012). Lastly, a recent meta-analysis
examining 35 articles found evidence that household chaos is significantly and negatively associated with
child executive functioning, including completed questionnaires and direct assessments. When examining
the moderator analysis, the only significant moderator with a strong association between household chaos
and EF was found in studies that used informant completed questionnaires (Andrews et al., 2020).
Therefore, the form of measurement and assessment may impact the relationship between household
chaos and EF.
Regarding household environment and parenting behaviors, researchers also found that household
chaos may indirectly predict behavior regulation through parenting and parental responsiveness (Vernon-
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Feagans et al., 2016). Household chaos and home atmosphere have predicted children’s behavioral
regulation and parenting behaviors (Vernon-Feagans et al., 2016).
Additionally, positive home environments (low family conflict, high family cohesion, and low
household chaos) have been associated with healthier food-related behaviors. More negative home
environments (high family conflict, low family cohesion, and high household chaos) have been associated
with more unhealthy food-related behaviors (Anderson & Keim, 2016; Berge et al., 2014; Cyril et al.,
2016; Halliday et al., 2014; Martin-Biggers et al., 2018; Renzaho et al., 2014; Renzaho et al., 2011; Smith
et al., 2015). Household environment increasing affects diet quality in children because the caregivers are
supplying the nutrients. This interaction may in turn affect the parent-child relationship. Therefore,
household chaos may influence the association between child attachment security, dietary consumption,
and child EF. In high household chaos conditions, an insecure or weak parent-child relationship may have
a great influence on the child’s EF abilities. The clear relationships between these concepts indicate the
importance of analyzing household chaos in the form of a moderator instead of a predictor or outcome.
Present Study
This study aimed to examine the association between child attachment security and EF abilities in
children 18-24 months of age using caregiver reports and naturalistic observations of child attachment
security. It also aimed to explore the relationships between children’s dietary consumption and their EF
abilities. A final aim was to examine whether household chaos moderates these associations. First, we
investigated the association between child attachment security and three EF subscales, using caregiver
reports of their children’s EF, and home observational data for the assessment of child attachment
security. Second, we examined the association between six dietary consumption patterns and children’s
EF. We hypothesized that children with higher attachment security and more healthy dietary consumption
would have higher EF scores. Third, we determined whether household chaos moderated the association
between child attachment security and EF subscales, as well as dietary consumption and EF subscales.
We hypothesized that lower household chaos would buffer children from the effects of less healthy
dietary consumption and lower attachment security on EF.
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Chapter 2: Methods
Participants
The data in this analysis are from families participating in a longitudinal birth cohort study in the
Midwestern United States. It is designed to examine multi-level predictors of weight trajectories and
dietary habits over the first seven years of life (Fiese et al., 2019). As part of the more extensive study,
caregivers completed questionnaires regarding their household chaos, child EF behaviors, child dietary
consumption, and demographics on the parent and child. They also indicated if they would be willing to
participate in a home observation component of the study when children were 18 and-24 months of age.
Those parents who indicated a willingness to be contacted were recruited for the home observation and
videotaped attachment and mealtime study. Caregivers were compensated $80 for their participation in
the home visit. This study was approved by the University Institutional Review Board. Participant
characteristics can be found in Table 1.
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Table 1
Descriptive Statistics for Model Variables
Child gender
Male
Female
Monthly income
$3,000 and under
$3,001-$5,000
$5,001 and above
Parent race/ethnicity
White
Black
Asian
Biracial
American Indian/Alaska Native
Child age at time of home visit (months)
Parent age at childbirth (years)
Home visit mealtime length (minutes)
Child attachment security
Household chaos
ISCI score
FI score
EMI score
Assorted snacks and processed foods
Assorted vegetables, fruit, and fish
Fruit juice and sweet items
Assorted proteins
Grains and nuts
Assorted dairy and water

N

%

53
57

48.2
51.8

30
31
39

27.3
28.2
35.5

81
6
7
5
1
110
108
109
108
391
321
340
316
342
342
342
342
342
342

73.6
5.5
6.4
4.5
0.9

M

SD

Range

21
30.9
17.44
0.29
26.75
38.66
29.45
39.00
11.92
14.50
9.16
5.29
8.86
10.65

2.7
4.5
3.48
0.24
7.11
8.21
5.89
8.75
2.65
3.38
3.23
1.81
2.77
1.80

17.8 - 34.9
19.1 - 45.2
7.14 - 20.0
-0.37 – 0.77
13 - 48
26 - 66
20 - 45
27 - 63
5.14 – 28.57
5.60 – 32.40
4.00 – 23.00
1.67 – 13.33
2.50 – 15.50
4.33 – 14.33

Home Visit Procedures
Caregivers were invited to participate in a 2-hour home observation using a script with detailed
information about the visit, and all participating families provided written informed consent. Researchers
instructed caregivers to plan their dinnertime meal as they typically would. The trained researchers would
arrive 30-45 minutes before the parent-arranged dinnertime to build rapport and set up video equipment.
When families were ready to begin dinner, the researchers turned on the video equipment and then left the
home to prevent bias and avoid influencing behavior during the meal. Once the mealtime ended, the
researchers returned to complete observations of parent-child interactions to assess attachment security.
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Measures
Child Attachment Security. Child attachment behavior was assessed with the Attachment
Behavior Q-Set version 3.0 (AQS; van IJzendoorn et al., 2004; Waters, 1995). The AQS uses Qmethodology to describe a child’s organization of secure base behavior and interactions around a
caregiver in naturalistic settings. Trained observers sorted 90 behavioral items based on how descriptive
they were of the child’s behavior according to their detailed observations after the family mealtime.
During the home visit, the observer took notes and asked the caregivers a series of questions regarding the
behaviors outside of mealtime. After the visit, the observer sorted AQS items into three separate piles:
most, moderately, and least like the child. Eventually, nine piles were created with ten items. The
observer then used a rating scale from 1 (least like the child) to 9 (most like the child). Higher scores
represented more secure attachment in the child-caregiver relationship. Scale items from the AQS have
been shown to have adequate internal consistency and are associated with maternal adult attachment
classifications (Kazui et al., 2000; Posado et al., 2008). The AQS has been shown to have ecological,
discriminant, predictive, and convergent validity, and findings are consistent across cultural contexts (van
IJzendoorn et al., 2004). In this study, q-correlations for 18 of the 108 double-sorted visits (calculated
from the agreement between the q-descriptions of child behavior) ranged from 0.375 to 0.857 (M =
0.673).
Household Chaos. Household chaos and environmental levels were assessed using the
Confusion, Hubbub, and Order Scale (CHAOS; Matheny et al., 1995). The questionnaire consists of 15
statements surrounding their household environment, and each question is on a 4-point Likert scale,
ranging from very much like your home to not at all like your own home. Example questions include,
“It’s a real zoo in our home,” “Our home is a good place to relax,” and “First thing in the day, we have a
regular routine at home.” CHAOS measures two facets of household chaos. The first facet is routines and
organization, and the second is disorganization, confusion, and noise. A single score is obtained by
summing the items, with a highest possible score of 60. A higher score indicates a higher level of chaos
within the home. Adequate internal reliability was demonstrated for household chaos (Cronbach’s
α=0.86).
Dietary Consumption. Child dietary consumption was assessed using a child block of the Food
Frequency Questionnaire (FFQ) developed by Nutrition Quest (Nutrition Quest, 2014). The FFQ is a
measure of the consumption of fruits, vegetables, fats, proteins, and dairy in children 2 to 7 years of age
(Fiese et al., 2019). Parents complete the 90-item questionnaire in response to their child’s “usual eating
habits in the past six months.” Example items include banana, broccoli, beef, and butter. Questions are
rated on an 8-point Likert scale. The scale consists of never, once per month, 2-3 times per month, once
per week, twice per week, 3-4 times per week, 5-6 times per week, and every day. The food list was
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developed from NHANES III dietary recall data, and USDA Nutrient Database for Standard Reference
was also used for nutrient assessment. Based on previous literature, food groups were created to combine
related food types (Berding et al., 2018; Leong et al., 2018). There were 23 food groups, and a principal
component analysis was then conducted to reduce the dietary consumption data. The results revealed 6
components from the 23 food groups (see description below and Table 2).
Table 2
Dietary Consumption: Principal Component Analysis
Description
Loading
Assorted Snacks and Processed Foods
Savory snacks
Refined carbohydrates

0.69
0.69

Fried foods

0.62

Processed meats
Mixed foods
Condiments

0.54
0.54
0.51

Butter/Margarine

0.49

Assorted Vegetables, Fruit, and Fish
Vegetables
Starchy foods
Legumes

0.81
0.68
0.65

Fruit

0.60

Fish/Seafood
Fruit Juice and Sweet Items

0.50

100% Fruit juice
Sweet beverages
Sweet foods
Assorted Proteins
Poultry
Red meats

0.76
0.65
0.55

Eggs

0.57

0.68
0.67

Grains and Nuts
Grains
Peanuts/Nuts
Assorted Dairy and Water
Yogurt
Dairy
Water
Note. Cutoffs of 0.4 were used for analyses

0.69
0.67
0.80
0.59
0.47
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Executive Function. EF was assessed using the Behavior Rating Inventory of Executive
Function- Preschool Version (BRIEF-P; Isquith et al., 2005). This survey assesses multiple components
of EF, including inhibition, shifting, emotional control, working memory, and planning/organizing.
Parents are asked to complete this questionnaire based on how often each behavior has been a problem in
their child’s life during the last six months. These items are ranged from 1 (never) to 3 (often). Example
questions include: “is easily overwhelmed or overstimulated by typical daily activities,” “gets out of
control more than playmates,” and “talks or play too loudly.” Five subscales (listed above), three broad
index scores (Inhibitory Self-Control, Flexibility, and Emergent Metacognition), and one global
composition score are also derived from the BRIEF-P. Two validity scales (Inconsistency and Negativity)
are can also be derived. The Inhibitory Self-Control Index (ISCI) index combines the ability to inhibit and
emotionally control subscales, the Flexibility Index (FI) combines the shift and emotional control
subscales, and the Emergent Metacognition Index (EMI) combines the working memory and
plan/organize subscales. The global composition score (GEC) combines all subscales to receive a total
score. Higher scores on the BRIEF-P indicate worse performance on EF abilities. For this study, the ISCI,
FI, and EMI subscales will be used for analyses. Adequate internal reliability was demonstrated for the
ISCI (Cronbach’s α=0.92), FI (Cronbach’s α=0.88), and EMI subscales (Cronbach’s α=0.93).
Data Analysis. The Statistical Package for the Social Sciences (SPSS) version 27.0 was used for
data analysis. Statistical significance was set at p ≤ 0.05. A PCA was conducted to examine food groups
further and create dietary consumption model variables. To test associations among all study variables,
bivariate parametric correlations were conducted. Then, multiple regressions with both models and all EF
subscales were examined.
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Chapter 3: Results
Preliminary Analyses
Preliminary analyses were conducted to determine whether demographic variables were
associated with outcome variables. Child gender and parent race/ethnicity were not found to be associated
with any EF outcome variables (all p’s > .05). Family income was significantly correlated with ISCI
subscale r (79) = -0.24, p = 0.04 and the EMI subscale r (75) = -0.26, p = 0.02. Child age was
significantly associated with the EMI subscale r (82) = 0.23, p = 0.04. Descriptive statistics for all study
variables are reported in Table 1.
FFQ Analyses
To create dietary consumption food groups, a principal components analysis was conducted. A
PCA with varimax rotation was performed using responses to the food groups formed from the FFQ. Six
components with Eigenvalues >1.00 collectively accounted for 57.365% of the variance. A factor loading
of .4 was used, which was consistent with previous studies (Korkalo et al., 2019; Niedzwiedzka et al.,
2019; Northstone et al., 2008; Northstone & Emmett, 2008). All food groups loaded on a factor using this
cutoff. Components can be found in Table 2.
Component 1, Assorted Snacks and Processed Foods, explained 13.93% of the variance and
included Savory Snacks, Refined Carbohydrates, Fried Foods, Processed Meats, Mixed Foods,
Condiments, and Butter/Margarine. Component 2, Assorted Vegetables, Fruit, and Fish, explained
11.53% of the variance and included Vegetables, Starchy Foods, Legumes, Fruit, and Fish/Seafood.
Component 3, Fruit Juice and Sweet Items, contain 100% fruit juice, Sweet Beverages, and Sweet Foods.
This explained 8.98% of the variance. Component 4, Assorted Proteins, includes Poultry, Red Meats, and
Eggs, and it explained 8.76% of the variance. Component 5, Grains and Nuts, explained 7.80% of the
variance, contains items directly related to Grains and Peanut/Nuts. Lastly, Component 6, Assorted Dairy
and Water, included Yogurt, Dairy, and Water and explained 6.37% of the variance. Adequate internal
reliability was demonstrated for Component 1 (Cronbach’s α=0.76), as well as Component 2 (Cronbach’s
α=0.65), Component 3 (Cronbach’s α=0.55), and Component 4 (Cronbach’s α=0.51). Two factors
contained poor internal reliability: Component 5 (Cronbach’s α=0.47) and Component 6 (Cronbach’s
α=0.26). Due to poor reliability, these two factors were not used in the final analyses.
Bivariate Correlations
Observed Attachment Security and Child EF (Model One). Bivariate associations between all model
variables are depicted in Table 3. Child attachment security was negatively and significantly associated
with the ISCI r (86) = -0.23, p = 0.04 and FI subscales r (91) = -0.21, p = 0.04. No significant correlation
was found between child attachment security and the EMI subscale. Household chaos was positively and
significantly associated with each EF subscale (all p’s < 0.05).
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Dietary Consumption and Child EF (Model Two). Bivariate associations between all model variables
are depicted in Table 3. Assorted Snacks and Processed Foods was positively and significantly associated
with household chaos and each EF subscale (all p’s < 0.05). Consumption of Assorted Vegetables, Fruit,
and Fish was negatively and significantly associated with household chaos r (331) = -0.12, p = 0.03, and
no EF subscales. Fruit Juice and Sweet Items were positively and significantly associated with household
chaos and EMI EF subscale (all p’s < 0.05). Assorted Proteins was positively and significantly associated
with the EMI subscale r (270) = 0.13, p = 0.04. Assorted Snacks and Processed Foods and Fruit Juice and
Sweet Items were the only subscales used in final analyses.
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Table 3
Pairwise Bivariate Correlations Among all Model Variables
1
2
3
1 Child AQS
--2 Assorted snacks and processed foods -0.04
---3 Assorted vegetables, fruit, and fish
0.21*
0.32*** ---4 Fruit juice and sweet items
-0.17
0.56*** 0.09

4

5

Assorted proteins

0.07

6
7
8

Household chaos
ISCI subscale
FI subscale

0.06
-0.23*
-0.21*

---0.29**
0.49*** 0.41***
*
0.17*** -0.12*
0.03
0.20*** -0.10
0.08
0.16** -0.04
0.08

9

EMI subscale

-0.02

0.19*** -0.05

0.13*

5

6

7

8

9

---0.03
0.08
0.08
0.13*

Note. Statistically significant correlations are bolded (p ≤ .05*, p ≤ .01**, p ≤ .001***).

---0.38*** ---0.25*** 0.86*** ---0.67**
0.38*** 0.82***
*

----
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Regression Analysis
Observed Attachment Security and Child EF (Model One). In the first analysis, child
attachment security, household chaos, and the interaction term were entered as predictor variables, and
each subscale of EF were separate dependent variables. Control variables were added to block one if they
correlated with the outcome variables. Results revealed that the full model accounted for 26% of the
variance in the ISCI subscale (Adjusted R2 = 0.22). Child attachment security (β = -0.24, p = 0.03), and
household chaos (β = 0.41, p ≤ 0.001) were both independent and significant predictors of ISCI scores.
The interaction score and income were not found to be significant (see Table 4). Additionally, with the
EMI subscale, results revealed that the full model accounted for 21% of the variance (Adjusted R2 =
0.15). For the EMI subscale, only household chaos (β = 0.40, p = 0.002) was a significant predictor (see
Table 5). Lastly, the FI subscale results revealed that the full model accounted for 14% of the variance
(Adjusted R2 = 0.11). Child attachment security (β = -0.23, p = 0.03), household chaos (β = 0.31, p =
0.003) were found to be significant predictors of EF FI scores, but not the interaction term (see Table 6).
Regression Analysis
Dietary Consumption and Child EF (Model Two). In the second analysis, dietary
consumption, household chaos, and the interaction term were entered as predictor variables, and each
subscale of EF were separate dependent variables. Control variables were added to block one if they
correlated with the predictor variables. Regarding the Assorted Snacks and Processed Foods subscale,
results revealed that the whole model accounted for 24% of the variance (Adjusted R2 = 0.20).
For the EF ISCI subscale, only household chaos (β = 0.38, p = 0.002) was a significant predictor and not
income, the Assorted Snacks and Processed Foods subscale, or the interaction score (see Table 7). Similar
results were found for subscales EMI and FI (Table 8 and Table 9). Regarding the Fruit Juice and Sweet
Items subscale, results revealed that the full model accounted for 25% of the variance (Adjusted R2 =
0.20). For the EF ISCI subscale, only household chaos (β = 0.38, p = 0.002) was a significant predictor of
EF abilities (see Table 10). Similar results were found for subscales EMI and FI (Table 11 and Table 12).
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Table 4
Multiple Regression Analyzing Associations Between Income, Child Attachment Security, Household Chaos, and Inhibition and Emotional
Control (ISCI)
Model 1
Model 2
Model 3
Model 4
B (SE)
β (p)
B (SE)
β (p)
B (SE)
β (p)
B (SE)
β (p)
Income
-0.57 (0.27) -0.24 (0.04) -0.59 (0.26) -0.25 (0.03) -0.28 (0.25) -0.12 (0.27) -0.28 (0.26) -0.12 (0.27)
Child attachment
-7.54 (3.74)
-0.22(0.05)
-7.85 (3.43) -0.23 (0.03) -7.98 (3.56) -0.24 (0.03)
security (AQS)
Household chaos

0.41 (0.00)

0.47 (0.12)

AQS x household
chaos

R2

ΔR

2

ΔF

0.47 (0.13)

0.41 (0.00)

-0.09 (0.57)

-0.02 (0.88)

0.06

0.11

0.26

0.26

0.05

0.08

0.23

0.22

4.58

4.07

14.74

0.02

Note. Bolded lines indicate statistically significant findings (p ≤ .05); N=76
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Table 5
Multiple Regression Analyzing Associations Between Income, Child Age, Child Attachment Security, Household Chaos, and Working
Memory and Planning/Organizing (EMI)
Model 1
Model 2
Model 3
Model 4
B (SE)
β (p)
B (SE)
β (p)
B (SE)
β (p)
B (SE)
β (p)
Income
-0.53 (0.27) -0.23 (0.06) -.052 (0.28) -0.22 (0.07) -0.22 (0.28) -0.10 (0.43)
-0.21 (0.28) -0.09 (0.46)
Child age

0.39 (0.36)

0.13 (0.28)

Child attachment
security (AQS)
Household chaos
AQS x household
chaos

R
ΔR2
2

ΔF

0.08
0.08

0.39 (0.36)

0.13 (0.28)

0.21 (0.34)

0.07 (0.55)

-0.79 (3.91)

-0.02 (0.84)

-2.27 (3.70)
0.44 (0.14)

0.08
0.001

3.11
0.04
Note. Bolded lines indicate statistically significant findings (p ≤ .05); N=74

0.18 (0.35)

0.06 (0.61)

-0.07 (0.54)

-1.26 (3.98)

-0.04 (0.75)

0.38 (0.002)

0.46 (0.14)

0.40 (0.002)

0.42 (0.60)

0.08 (0.49)

0.20
0.12

0.21
0.01

10.51

0.49
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Table 6
Multiple Regression Analyzing Associations Between Child Attachment Security, Household Chaos, and Shifting and
Emotional Control (FI)
Model 1
Model 2
Model 3
B (SE)
β (p)
B (SE)
β (p)
B (SE)
β (p)
Child attachment
-4.78 (2.36)
-0.21 (0.04)
-5.25 (2.24)
-0.23 (0.02)
-5.18 (2.31)
-0.23 (0.03)
security (AQS)
Household chaos
0.24 (0.08)
0.31 (0.003) 0.24 (0.08)
0.31 (0.003)
AQS x household
chaos

0.05 (0.34)

0.01 (0.90)

R2
ΔR2

0.05

0.14

0.14

0.03

0.12

0.11

ΔF

4.18

9.42

0.02

Note. Bolded lines indicate statistically significant findings (p ≤ .05); N=91
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Table 7
Multiple Regression Analyzing Associations Between Income, Assorted Snacks and Processed Foods, Household Chaos, and Inhibition and
Emotional Control (ISCI)
Model 1
Model 2
Model 3
Model 4
B (SE)
β (p)
B (SE)
β (p)
B (SE)
β (p)
B (SE)
β (p)
Income
-0.52(0.26)
-0.23 (0.05)
-0.40 (0.26) -0.17 (0.13)
-0.17 (0.25)
-0.07 (0.50)
-0.17 (0.26)
-0.08 (0.50)
Assorted snacks and
processed foods

0.83 (0.34)

0.28 (0.02)

Household chaos

0.48 (0.33)

0.16 (0.15)

0.49 (0.34)

0.17 (0.15)

0.43 (0.13)

0.38 (0.001)

0.43 (0.13)

0.38 (0.002)

-0.01(0.05)

-0.02 (0.88)

Assorted snacks and
processed foods x
household chaos
R2

0.05

0.13

0.24

0.24

ΔR2

0.04

0.10

0.21

0.20

ΔF

3.93

6.10

10.92

0.02

Note. Bolded lines indicate statistically significant findings (p ≤ .05); N=75; Assorted snacks and processed foods component includes Savory
Snacks, Refined Carbohydrates, Fried Foods, Processed Meats, Mixed Foods, Condiments, and Butter/Margarine
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Table 8
Multiple Regression Analyzing Associations Between Income, Child Age, Assorted Snacks and Processed Foods, Household Chaos, and Working
Memory and Planning/Organizing (EMI)
Model 1
Model 2
Model 3
Model 4
B (SE)
β (p)
B (SE)
β (p)
B (SE)
β (p)
B (SE)
β (p)
Income
-0.56 (0.28) -0.24 (0.05)
-0.52 (0.28) -0.22 (0.07) -0.31 (0.28) -0.13 (0.27) -0.33 (0.29) -0.14 (0.26)
Child age

0.45 (0.37)

0.15 (0.22)

Assorted snacks and
processed foods

0.45 (0.37)

0.14 (0.23)

0.24 (0.36)

0.08 (0.50)

0.24 (0.36)

0.08 (0.51)

0.41 (0.36)

0.13 (0.26)

0.07 (0.37)

0.02 (0.85)

0.09 (0.38)

0.03 (0.81)

0.40 (0.15)

0.35 (0.01)

0.40 (0.15)

0.35 (0.01)

-0.01 (0.05)

-0.03 (0.80)

Household chaos
Assorted snacks and
processed foods x
household chaos
R2

0.09

0.11

0.20

0.20

ΔR2

0.07

0.07

0.15

0.14

ΔF

3.47

1.31

7.45

0.06

Note. Bolded lines indicate statistically significant findings (p ≤ .05); N=71; Assorted snacks and processed foods component includes Savory
Snacks, Refined Carbohydrates, Fried Foods, Processed Meats, Mixed Foods, Condiments, and Butter/Margarine
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Table 9
Multiple Regression Analyzing Associations Between Assorted Snacks and Processed Foods, Household Chaos, and
Shifting and Emotional Control (FI)
Model 1
Model 2
Model 3
B (SE)
β (p)
B (SE)
β (p)
B (SE)
β (p)
Assorted snacks and
0.36 (0.13)
0.16 (0.01)
0.24 (0.13)
0.11 (0.06)
0.24 (0.13)
0.11 (0.06)
processed foods
Household chaos

0.23 (0.05)

Assorted snacks and
processed foods x
household chaos

R2

ΔR

2

ΔF

0.28 (0.000)

0.23 (0.05)

0.29 (0.000)

0.02 (0.02)

0.07 (0.25)

0.02

0.10

0.11

0.02

0.10

0.10

7.24

25.00

1.35

Note. Bolded lines indicate statistically significant findings (p ≤ .05); N=294; Assorted snacks and processed foods
component includes Savory Snacks, Refined Carbohydrates, Fried Foods, Processed Meats, Mixed Foods, Condiments,
and Butter/Margarine

22

Table 10
Multiple Regression Analyzing Associations Between Income, Fruit Juice and Sweet Items, Household Chaos, and Inhibition and Emotional
Control (ISCI)
Model 1
Model 2
Model 3
Model 4
B (SE)
β (p)
B (SE)
β (p)
B (SE)
β (p)
B (SE)
β (p)
Income
-0.52 (0.26)
-0.23 (0.05)
-0.37 (0.26) -0.16 (0.16)
-0.15 (0.25)
-0.07 (0.55)
-0.15 (0.26)
-0.06 (0.56)
Fruit juice and sweet
items

0.70 (0.27)

0.29 (0.01)

Household chaos
Fruit juice and sweet
items x household
chaos
R2
ΔR

2

ΔF

0.41 (0.27)

0.17 (0.13)

0.42 (0.27)

0.17 (0.13)

0.42 (0.13)

0.28 (0.002)

0.43 (0.13)

0.38 (0.002)

-0.02 (0.04)

-0.06 (0.60)

0.05

0.13

0.24

0.25

0.04

0.11

0.21

0.20

3.93

6.47

10.75

0.28

Note. Bolded lines indicate statistically significant findings (p ≤ .05); N=75; Fruit juice and sweet items component contains 100% Fruit Juice,
Sweet Beverages, and Sweet Foods
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Table 11
Multiple Regression Analyzing Associations Between Income, Child Age, Fruit Juice and Sweet Items, Household Chaos, and Working Memory
and Planning/Organizing (EMI)
Model 1
Model 2
Model 3
Model 4
B (SE)
β (p)
B (SE)
β (p)
B (SE)
β (p)
B (SE)
β (p)
Income
-0.56 (0.28) -0.24 (0.05)
-0.44 (0.29) -0.19 (0.13) -0.27 (0.28) -0.11 (0.35) -0.26 (0.28) -0.11 (0.36)
Child age

0.45 (0.37)

0.15 (0.22)

Fruit juice and sweet
items

0.45 (0.36)

0.14 (0.22)

0.26 (0.35)

0.08 (0.47)

0.25 (0.36)

0.08 (0.49)

0.47 (0.28)

0.20 (0.10)

0.28 (0.28)

0.12 (0.31)

0.27 (0.28)

0.12 (0.33)

0.37 (0.14)

0.32 (0.01)

0.38 (0.14)

0.33 (0.01)

-0.01 (0.04)

-0.04 (0.71)

Household chaos
Fruit juice and sweet
items x household
chaos
R2
ΔR

2

ΔF

0.09

0.13

0.21

0.21

0.07

0.09

0.16

0.15

3.47

2.87

6.89

0.14

Note. Bolded lines indicate statistically significant findings (p ≤ .05); N=71; Fruit juice and sweet items component contains 100% Fruit Juice,
Sweet Beverages, and Sweet Foods

24

Table 12
Multiple Regression Analyzing Associations Between Fruit Juice and Sweet Items, Household Chaos, and Shifting and
Emotional Control (FI)
Model 1
Model 2
Model 3
B (SE)
β (p)
B (SE)
β (p)
B (SE)
β (p)
Fruit juice and sweet
0.23 (0.11)
0.13 (0.03)
0.11 (0.11)
0.06 (0.30)
0.12 (0.11)
0.07 (0.26)
items
Household chaos

0.23 (0.05)

Fruit juice and sweet
items x household
chaos
R2
ΔR

2

ΔF

0.29 (0.000)

0.28 (0.05)

0.28 (0.000)

0.02 (0.02)

0.07 (0.24)

0.02

0.09

0.10

0.01

0.09

0.09

4.77

24.98

1.40

Note. Bolded lines indicate statistically significant findings (p ≤ .05); N=294; Fruit juice and sweet items component
contains 100% Fruit Juice, Sweet Beverages, and Sweet Foods
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Chapter 4: Discussion
This study examined associations between child attachment security, dietary consumption,
household chaos, and EF in children 18-24 months of age. Within the first model and consistent with
previous literature (Bernier et al., 2015; Blair et al., 2018; Fay-Stammbach et al., 2014; Meuwissen &
Englund, 2016), the findings revealed that higher child attachment security was related to lower EF
problems for two of the three EF subscales. In the second model’s final analyses, we see no significant
associations between dietary consumption and EF - besides a trend for the Assorted Snacks and Processed
Foods component, with higher consumption related to lower shift and emotional control abilities.
Contrary to our hypotheses, results also indicated that household chaos does not modify attachment – EF
and dietary consumption – EF associations, but rather has an independent effect on EF. Indeed, household
chaos was significantly associated with all three BRIEF-P subscales in the regression models. The
association between household chaos and poorer EF is consistent with previous literature (Dumas et al.,
2005; Wachs, 1993; Wachs & Camli, 1991). Since household chaos describes an environment that is high
in noise and crowding and low in regularity and routines (Vernon-Feagans et al., 2016), this environment
may distract, limit, or alter a child’s EF abilities.
The current findings surrounding household chaos can contribute to the literature in multiple
ways. First, since we found independent relationships with child EF, this illustrates how even at a young
age (18-24 months), household chaos and environment might influence children’s EF abilities. They may
understand the cues around them, and the lack of routine and regularity might influence their cognitive
abilities. Second, these findings can help researchers, policymakers, and families understand how
household chaos can influence their child’s relationships with others, dietary consumption, and EF
abilities. Informing other individuals about this phenomenon can help assist with families’ ability and
motivation to change their current environment if needed. Lastly, these results can help future researchers
examine how household chaos may impact other dimensions of EF through various methodologies and
samples.
The findings also highlight the unique effect of child attachment security on EF. These findings
are consistent with those of an array of different studies (Bernier et al., 2015; Blair et al., 2018;
Kochanska & Aksan, 1995; Lewis & Carpendale, 2009; Meuwissen & Englund, 2016). Children with
secure attachments have a history of experiences with trusting caregivers who provide sensitive and
responsive care in response to their distress and needs. Regulatory capacities that develop through these
experiences may impact developing EF capabilities. Interestingly, the findings from this study show that
attachment security was not significantly associated with the EMI subscale (Planning/Organizing and
Working Memory) in the multiple regression analysis. This might suggest that attachment-related
experiences have more impact on inhibitory/emotional control and capacities to shift attention than
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organization and memory. Future research should examine the relative influence of attachment security
on different dimensions of EF, using multiple methodologies, to determine whether these findings are
replicated across EF components.
When examining dietary consumption, we found that our hypotheses were not supported in the
final analyses; however, we saw a correlational association between assorted snacks and processed foods
and worse performance on all EF subscales. We also saw this relationship with fruit juice and sweet items
and the EMI subscale. This indicates that various types of food may impact a child’s performance on EFrelated tasks. Consistent with previous research (Ames et al., 2014; Cohen et al., 2016; Haapala et al.,
2015; Riggs et al., 2012, Riggs et al., 2010), the diet quality may influence a child’s or adolescent’s
performance on EF related tasks, and this may further influence their cognitive abilities. This warrants
further investigation to understand how younger children may be affected by diet quality and
consumption and how that can influence a child’s EF abilities. Throughout a child’s life, they are
experiencing different milestones, trajectories, and environments; therefore, it is essential to examine
other age groups and how they may be affected differently.
There are several notable strengths of this study, which include various measures, including selfreport and observational methodologies, and data analysis, including multiple regressions and PCA
analyses. Dietary consumption was measured using a PCA analysis to ensure proper food categories.
Also, child attachment security was observed in a naturalistic setting, allowing for a range of caregiverchild behaviors during the home visit. To date, virtually no studies have examined household chaos as a
moderator of attachment-EF and dietary consumption-EF associations. However, researchers have found
connections between all model variables and household chaos (Anderson & Keim, 2016; Beier et al.,
2019; Dumas et al., 2005; Vernon-Feagans et al., 2016; Wachs & Camli, 1991). Therefore, this study
provides new knowledge and information that can inform future studies examining the impact of
household environment and chaos on children’s development.
There are also limitations to this study. For model 1, the analysis sample was small, and both
models were not diverse with respect to race/ethnicity and income. Therefore, the findings are not
generalizable, and diverse family contexts should be examined in the future. Based on the correlational
design, no causal inferences can be made regarding the found associations, highlighting the need for
longitudinal and experimental techniques. Future research should include multiple measures of child
attachment security, dietary consumption, EF, and household chaos to understand these results further.
Finally, it should be noted that this study was not pre-registered according to open science approaches,
which is a limitation.
Despite these limitations, the current findings are novel and contribute to the larger literature on
EF in children aged 18 to 24 months. For example, they further support the notion that early caregiver-
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child relationships and the nature of the household environment can impact young children’s developing
EF capacities. As such, preventions focused on increasing the quality of the parent-child interactions, as
well as surrounding lowering household chaos, might help mitigate EF problems. Furthermore, the data
suggest that children’s unhealthful dietary consumption may also be related to the household
environment, and associations with EF warrant more attention. These factors can influence a child and
family on multiple levels; therefore, it is essential to explore further and examine these factors at various
age groups, over time, and in diverse family contexts.
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