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Abstract

This project aims to generate a model that explains individual variability in reading
performance among participants of the ABCD study at baseline. The ABCD Study is a national
longitudinal study that collects genetic, neuroimaging, physiological, and behavioral data from
11,880 children aged 9-10 years to track factors that change over adolescent development. The
three main aims of this project are: (1) to determine the extent to which variables across
socioeconomic status (SES), individual traits, and environmental traits can explain individual
variability in reading; (2) to determine the extent to which variability in reading performance is
shared amongst these predictors; and (3) to determine the extent to which SES mediates the
associations between these predictors and reading. In order to address these aims, three different
sets of linear regression models were run. The first set of models were run to determine the
amount of variability in reading score explained by three different models: one null model in
which age and sex predicted reading score; another null model in which age, sex, and SES
predicted reading score; and a full model in which all variables of interest predicted reading
score. The variables of interest all fall into the following behavioral domains: Linguistic
Development Factors, Bilinguality Factors, Recreational Reading, Academic Factors, Screen
Time Factors, Sleep Factors, Psychopathology/Temperament Factors, School/Neighborhood
Environment Factors, Psychosocial Environment Factors, ABCD Site, SES, and Age and Sex.
The second set of models were run to determine the variance in reading score explained by
individual variables in these domains, controlling for age and sex. The third set of models were
run to determine the variability in reading score explained by each behavioral domain and the
extent to which these domains overlap with SES and each other in the variability they account
for in reading score. After running these analyses, Recreational Reading, Academic Factors, and
SES yielded the largest effect sizes on their own, meaning they explained the most variance in
reading score when controlling for all other factors. All of the behavioral domains were mediated
by SES and each other to some degree, suggesting that variability in reading performance is
shared amongst these domains.



Introduction

In spite of much emphasis in early childhood education on literacy skills and reading
instruction, there is lots of variability observed in the reading skills of 9-10 year old children.
Numerous studies have been conducted on early literacy, but there remains little consensus about
the most important factors contributing to this variability. Better models of the factors that may
influence developing reading skills are needed to identify the best targets for interventions that
would improve literacy in a diverse population of adolescents. With this in mind, my research
questions are: (1) How much variability in reading performance can be predicted from variables
in the ABCD Study? and (2) Does the variability in reading performance predicted by these
variables overlap with SES?

Many studies have been conducted to investigate factors associated with school-aged
reading performance. A few of such studies are highlighted in the following paragraphs.

Socioeconomic status (SES), defined as family income and highest level of parent
education, is associated with school-aged reading performance. Psychosocial literature has
largely declared that family income is a predictor of adolescent reading abilities, specifying that
poverty negatively impacts adolescent reading outcomes (Bhattacharya, 2010). Sociocultural
literature suggests that impoverished children have poorer literacy because they don’t receive
sufficient literacy experiences in their homes (Bhattacharya, 2010). Van Zwieten et al. further
confirmed that low SES was associated with lower reading performance in school-aged children
(2020). Overall, there has been a large consensus on the existence of a positive association
between adolescent SES and reading performance.

Studies show that a child’s physical environment, such as their neighborhood, also relates
to their reading performance. A study conducted by Froiland et al. determined that neighborhood
SES predicted home literacy, defined as parents and children reading together and the number of
books in a home, which subsequently predicted early literacy abilities in children (2013b).
Another study found that children who lived in affluent neighborhoods during early childhood
exhibited higher academic achievement (Anderson et al, 2014). This study also concluded that
longer periods of time spent living in affluent neighborhoods correlated with children’s reading
and math achievement later in adolescence (Anderson et al, 2014). Overall, findings have
suggested that the extent to which children live in affluent or impoverished neighborhoods is
associated with their reading performance.

Studies have also investigated the relationship between linguistic development and
school-aged reading performance. Most studies conducted on this topic agree that the age of
speech development is related to a child’s subsequent reading performance. Rescorla found that
delayed speech onset in participants was associated with lower performance on vocabulary,
grammar, verbal memory, and reading comprehension measures administered to the participants
at age 13 (2005). Furthermore, Preston reported that children who spoke earlier than average
scored highest on standardized measures of language, reading, and spelling while children who
spoke later than average scored lowest on these measures (Preston et al, 2010). Studies



conducted on this topic agree that there is an inverse correlation between the early linguistic
development of a child and their later reading performance.

Bilinguality has been identified as a correlate of school-aged reading performance as
well. For bilingual children in the American education system, developing English language
skills is crucial to their literary achievement in school. In one study, Spanish/English bilingual
kindergarten students were assessed using standardized vocabulary and narrative elicitation tests
and, despite improving their English vocabulary performance from kindergarten to first grade,
most of these students still scored lower than their English monolingual peers in first grade
(Uccelli and Paez, 2007). The bilingual children in this study struggled to develop English
literacy skills comparable to their monolingual counterparts when receiving instruction in
English. As such, some studies have suggested that bilingual and English instruction may have
varying effects on the reading proficiency of bilingual children. Another study showed that
bilingual children receiving English instruction had better Spanish and English language
proficiency scores than those receiving bilingual instruction (Lindholm-Leary, 2012).
Additionally, bilingual children who entered the program as Mostly Proficient in Spanish had
higher English language proficiency scores than those who entered as Mostly Limited in Spanish
(Lindholm-Leary, 2012). The intersection between adolescent bilinguality and the language in
which they receive instruction has varying associations with their reading proficiency.

The extent to which school-aged children read for recreational purposes has also been
shown to correlate with their reading performance. Froiland found that a child’s intrinsic
motivation to read is associated with their reading performance (2013a). Another study shows
that reading for pleasure is significantly associated with cognitive progress in vocabulary and
mathematics measures between ages 10 and 16 (Sullivan and Brown, 2015). Recreational
reading has been established as a positive correlate of adolescent reading performance.

Academic factors, such as enrollment in gifted programs in school, have also been
observed as potential correlates of school-aged reading performance. Rowe et al. reported that
the test scores of adolescent participants enrolled in gifted and talented school programs on the
Full Scale IQ (FSIQ), General Ability Index (GAI), Verbal Comprehension exam, and Perceptual
Reasoning exam were associated with their reading comprehension standardized test scores
(2012). However, there is lots of controversy over the predictive power of gifted program
enrollment on reading performance in school-aged children because the students enrolled in
these programs have been shown to possess heterogeneous reading abilities in some cases. One
study showed that close to 10% of students in gifted programs read two or more years below
their grade level and at 1 or more standard deviations below the mean for their age in at least one
of the following domains: reading prose accuracy, reading prose comprehension, or isolated
word reading accuracy (Munro, 2009). Additionally, a case study on children in gifted programs
with learning disabilities discovered 3 ‘profiles’ of these children: students gifted verbally,
nonverbally, and in both areas (Munro, 2005). These findings suggest that students in gifted
programs vary drastically in their literacy strengths, weaknesses, and abilities and that, as a



result, enrollment in gifted programs may not be a reliable indicator of school-aged reading
performance.

Studies have also found associations between the time children spend engaged with
screens, such as watching television and playing video games, and their reading habits. One
study uncovered a negative association between the time children spend reading and the time
they spend watching screens (Han, 2019). Other studies have identified similar relationships,
such as a study conducted by Zebroff and Kaufman which concluded that youths spend more
time on screen-based activities such as texting and less time on traditional reading (2017).
Degree of screen time consumption has been established as a negative correlate of school-aged
reading performance.

Prior studies have also identified childhood psychopathology and temperament as
predictors of school-aged reading performance. One study found that adolescents with poor
reading skills had higher levels of ADHD and anxiety disorders and more functional impairment
across many areas when compared to adolescents in their cohort with average reading skills
(Goldston et al, 2007). Many studies have suggested that temperament is associated with
adolescent reading performance. Because anxiety is multifaceted, anxiety traits have mixed
associations with reading performance. For example, one study looked at first grade participants
and found that reading fluency was negatively correlated with separation anxiety symptoms
while reading decoding was positively correlated with harm avoidance anxiety symptoms
(Grills-Taquechel et al, 2012). They also found that harm avoidance and total anxiety symptoms,
for females only, were positively correlated with reading fluency (Grills-Taquechel et al, 2012).
Given the diverse and variable nature of psychopathology and temperament, these factors have
been shown to vary in their relationships with school-aged reading performance.

After reviewing studies that highlight certain factors associated with school-aged reading
performance, I reviewed studies that investigated relationships between these factors. Some of
those studies are highlighted in the following paragraphs.

Researchers have observed a comorbidity of early linguistic problems and childhood
psychopathology. Carpenter and Drabick built upon this finding by creating an all-encompassing
model that combines three different models to explain the comorbidity of language and
behavioral problems in children: (1) language difficulties influence risk for behavioral problems,
(2) behavioral problems influence risk for language difficulties, and (3) other shared risk factors
explain the comorbidity between behavior and language difficulties (2010). Some studies have
found more specific links between ADHD and linguistic problems in children. Tennenbaum et al.
observed that a cohort of children with varying developmental disorders possessed the following
traits: inattention, hyperactivity, IQ development quotients above 70, and speech delays (1993).
Inattention and hyperactivity are symptoms of ADHD and they are reported to co-occur with
speech delay in some instances. Although the studies on this topic are limited, links have been
established between linguistic development and child psychopathology.

Enrollment in gifted and talented programs has a relationship to some of the factors
outlined earlier in this paper. Esquierdo and Arreguín-Anderson report that Hispanic bilingual



children are underrepresented in gifted programs (2012). Additionally, gifted children are
reported to spend more time reading for pleasure than for information (Bobel, 1981). These
findings highlight associations between gifted programs, bilinguality, and recreational reading
that can be further investigated.

Socioeconomic status has variable relationships with the factors outlined earlier in this
paper. A study conducted by Peverill et al. concluded that children with lower SES were more
likely to develop psychopathology; that youth who endured intense financial hardship had the
most psychopathology, and that SES was more strongly associated with behavioral problems
than anxiety and depression (2021). Other studies have investigated the effects of SES on
academic programs. For example, a study conducted by McBee found that children from poorer
backgrounds are underrepresented in gifted programs (2006). Lastly, there are established links
between SES, neighborhood environment, and reading performance in children. Willms suggests
that, when looking at reading performance in children from varying SES backgrounds,
socioeconomic gradients “converge at higher levels of socioeconomic status” (2003). As a result,
youth from high SES backgrounds succeed in their reading performance regardless of where they
live, while youth from low SES backgrounds have more variance in their reading performance
(Willms, 2003). SES appears to be a correlate of childhood psychopathology, gifted program
enrollment, and neighborhoods.

Overall, the factors outlined in this section are largely interrelated and have varying
relationships to one another. Previous studies have looked at each of these factors as having an
individual effect on reading performance, but the overlapping variability in reading performance
explained by multiple factors remains largely uninvestigated.

The main aim of this project is to generate a model that explains individual variability in
reading performance among participants of the ABCD study at baseline. The ABCD Study is a
national longitudinal study that collects genetic, neuroimaging, physiological, and behavioral
data from 11,880 children aged 9-10 years to track factors that change over adolescent
development. Participants were recruited to reflect the national population as closely as possible.
Therefore, participants are demographically diverse, allowing for an in-depth understanding of
neurodevelopment across all sectors of society. The participants are assessed every year,
allowing the ABCD Study research team to track variability among adolescents throughout the
course of their development.

The main outcome measure used will be the participants’ oral reading scores on the NIH
Toolbox Oral Reading Recognition Test. The NIH Toolbox Oral Reading Recognition Test is
administered by presenting letters and words to participants and having the participants read and
pronounce them as accurately as possible. The predictors of interest fall under the following
behavioral domains: Linguistic Development Factors, Bilinguality Factors, Recreational
Reading, Academic Factors, Screen Time Factors, Sleep Factors, Psychopathology/Temperament
Factors, School/Neighborhood Environment Factors, Psychosocial Environment Factors, and
SES.



The three main aims of this project are: (1) to determine the extent to which variables
across SES, individual traits, and environmental traits can explain individual variability in
reading; (2) to determine the extent to which variability in reading performance is shared
amongst these predictors; and (3) to determine the extent to which SES mediates the associations
between these predictors and reading.

By conducting this data analysis project, I was able to pinpoint relationships that exist
between oral reading scores and many other variables that describe the individual and
environmental contexts of ABCD Study participants. My analysis project has the potential to
identify attributes in children that account for variability in their reading abilities. These
discoveries will illuminate some important factors that contribute to variability in adolescent
reading performance and identify potential targets for interventions to improve adolescent
literacy.

Methods

Variables
In this study, a linear regression model was generated that explains individual variability

in reading performance among participants of the ABCD study at baseline. All of the predictors
of interest, covariates, and outcome variables used in this model have either been directly taken
from the ABCD Study dataframe or have been transformed and adapted from variables in the
dataframe. The main outcome measure used in the model is the NIH Toolbox Oral Reading
Recognition Test Score. Many of the predictors of interest are summary scores extracted from
questionnaires and scales such as the Child Behavior Checklist (CBCL) or stand-alone variables
such as the parent-reported age of a youth participants’ first word. The summary scores are
generated by adding different subsets of item-level variables from each scale or questionnaire.
The specified covariates in the model include age, birth-assigned sex, level of highest parent
education, and total combined family income. The covariates are nuisance variables that are
controlled for in order to reduce potential confounds in the model. Level of parent education and
total combined family income serve as proxies for socioeconomic status (SES) in the model and
they serve as variables of interest in some of the analyses run.

During analysis, the predictors of interest were either studied individually or as part of a
behavioral domain. These domains were formed based on the similarity of the constructs the
variables measure. The behavioral domains are as follows:

Domain Instruments Variables

Linguistic Development
Factors

ABCD Developmental
History

First Word; Speech Delay



Bilinguality Factors PhexX Acculturation
Survey

Parent English Proficiency;
Youth English Proficiency;
Parent Bilinguality; Youth
Bilinguality

Recreational Reading ABCD Sports Activities
Read/Music - Parent

Recreational Reading

Academic Factors ABCD Parent Diagnostic
Interview for DSM-5
Background Items Full

KSADS Special Education;
KSADS Gifted Program

Screen Time Factors ABCD Youth Screen Time
Survey

TV Screen Time; Videogames
Screen Time; Video Screen
Time; Texting Screen Time;
Social Media Screen Time;
Videochatting Screen Time

Sleep Factors ABCD Parent Sleep
Disturbance Scale for
Children; Children's Report
of Sleep Patterns

Average Sleep; Sleep
Disturbances

Psychopathology/Temperament
Factors

ABCD Parent Child
Behavior Checklist Scores
Aseba; ABCD Youth Wills
Problem Solving Scale;
Behavioral Inhibition Scale
/ Behavioral Activation
Scale; UPPS Impulsive
Behavior Scale

CBCL Aggressive Syndrome;
CBCL Anxiety/Depression
Syndrome; CBCL Rulebreak
Syndrome; CBCL Attention
Syndrome; CBCL Social
Syndrome; CBCL Thought
Syndrome; CBCL Somatic
Syndrome CBCL Withdrawn/
Depressed Syndrome;
Problem Solving; BAS Drive;
BAS Fun Seeking; BAS
Reward Responsiveness; BIS
Summary Score; UPPS Lack
of Perseverance; UPPS Lack
of Planning; UPPS Positive
Urgency; UPPS Negative
Urgency; UPPS Sensation
Seeking



School/Neighborhood
Environment

School Risk & Protective
Factors Survey; ABCD
Parent Neighborhood Safety
/ Crime Survey

Neighborhood Safety &
Crime; School
Disengagement; School
Involvement; School
Environment

Psychosocial Environment Parental Monitoring
Survey; PhenX Family
Environment Scale - Family
Conflict; Perceived
Discrimination Scale;
ABCD Children’s Report of
Parental Behavioral
Inventory; Youth Prosocial
Behavior Survey; Parent
Prosocial Behavior Survey;
ABCD Other Resilience

Parental Monitoring; Parent
Family Conflict; Youth
Family Conflict; Perceived
Discrimination; Parental
Acceptance; Youth
Prosociality; Parent
Prosociality; Friends; Close
Friends

Socioeconomic Status (SES) Highest Level of Parent
Education, Combined Family
Income

ABCD Site ABCD Site

Age & sex Age, Sex

A comprehensive list of the predictor, covariate, and outcome variables can be found in
Appendix A with descriptions of what they measure and any transformations applied to them.

Data Cleaning
Data cleaning consisted of five steps. First, each variable of interest was extracted from

the comprehensive ABCD Study database that contains all variables collected through the study.
Some variables were initially composed of character values in the ABCD Study dataframe, such
as “false” or “true” or “strongly disagree”, “disagree”, “neither agree nor disagree”, “agree”, and
“strongly agree”. So, numeric transformations were performed on these variables using the
as.numeric() function in RStudio. All of the numeric transformations applied are outlined in the
Variable Table of Appendix A. Performing these numeric transformations enabled these variables
to be included in statistical analyses with other numeric variables.

Another important data cleaning step was setting thresholds for certain variables. I
detected and pruned outliers in the data that were likely to be errors so that the analyses were not
heavily influenced by outlier data. These thresholds were set by omitting highly unlikely or



impossible values based on what the variable measured. All of the thresholds set for each
variable are outlined in the Variable Table of Appendix A.

Once all of the predictor, covariate, and outcome variables were extracted and properly
transformed, all of the variables were combined into a single dataframe, denoted the “summary
dataframe”. The null values were omitted from the data frame to ensure that each column in the
summary dataframe had the same number of values.

Linear Regression Models
Linear regression models were run using the gamm4 package in RStudio. For each of

these models, a combination of covariates and predictors of interest served as the independent
variables and reading score served as the dependent variable. Each linear regression model yields
an R2 value, which indicates the amount of variability that a given set of predictors can explain in
an outcome measure.

In the first set of analyses, I aimed to analyze the variability in reading predicted by three
different sets of variables. I ran three separate linear regression models:

Model 1: reading score ~ age + sex + (1|family) + ε
Model 2: reading score ~ age + sex + SES + (1|family) + ε
Model 3: reading score ~ all predictor variables + (1|family) + ε

The 1|family term is the random effect that accounts for the relatedness between families.
Including this in the model allows for a different intercept to be created for each family. The ε
term is the error term, or the variance in the dependent variable not explained by the model.

In the first model, age and sex were predictors and reading score was the outcome
variable. In the second model age, sex, and SES were predictors and reading score was the
outcome variable. In the third model all of the predictors of interest and the covariates were
predictors and reading score was the outcome variable. The R2 values associated with each
model were recorded. These R2 values measure how much variance in reading score each of the
three models explain overall.

In the second set of analyses, I aimed to analyze the variability in reading predicted by
each variable, above and beyond age and sex. I ran 51 separate linear regression models. In each
model age, sex, and one predictor were included as predictors and reading score was the outcome
variable. This process was repeated 51 times to produce models with age, sex, and each of the
remaining variables in the dataframe. The R2 values associated with each model were recorded.
Once all of the models had been run, I measured the change in R2 from the model in which age
and sex predict reading score to a model additionally including age, sex, and a predictor of
interest for each of the 51 models. These ΔR2 values measure how much variability in reading
score each predictor of interest accounts for on its own, controlling for age and sex. Age and sex
are controlled for because they are nuisance variables.

After measuring the ΔR2 values for each of these variables, I ran likelihood ratio tests
with a p value of 0.00096154. Running these tests allowed me to determine which ΔR2 values
were statistically significant.



In the final set of analyses, I aimed to analyze the variability in reading predicted by sets
of variables in behavioral domains. I ran 42 separate linear regression models. First, 14 linear
regression models were run in which reading was predicted by age, sex, and one set of variables
probing a similar behavioral domain at a time. [Refer to above Variables section for information on the
behavioral domains]. The R2 values associated with each model were recorded. Once all of the
models had been run, I measured the change in R2 from the model in which age and sex predict
reading score to a model additionally including age, sex, and a set of variables in a behavioral
domain for each of the 14 models. These ΔR2 values show how much variability in reading each
domain of variables accounts for on their own, controlling for age and sex.

Then, 13 linear regression models were run in which reading was predicted by age, sex,
SES, and one domain of variables at a time. The R2 values associated with each model were
recorded. After running all of the models, I measured the change in R2 from the model in which
age, sex, and SES predict reading score to a model additionally including age, sex, SES, and a set
of variables in a behavioral domain for each of the 13 models. These ΔR2 values measure the
unique R2 associated with the variable of interest when controlling for age, sex, and SES.

Lastly, 15 linear regression models were run in which every domain of variables except
one were included as predictors. This process was repeated, temporarily omitting a single
domain of variables one at a time while all of the other predictors remained in the model. The R2

values associated with each model were recorded. After running all of the models, I measured
the change in R2 from the model in which all of the variables predict reading score to a model in
which a single set of variables in a behavioral domain is removed. These ΔR2 values measure the
unique variability associated with the removed variable, controlling for all other predictors.

Results

The first set of analyses yielded an overall R2 value associated with three different linear
regression models predicting reading score (Figure 1). The R2 value associated with the model in
which age and sex predict reading score was 4.84%. The R2 value associated with the model in
which age, sex, and SES predict reading score is 14.1%. The R2 value in which all predictors of
interest and covariates predict reading score is 33.8%. As more predictors were added to the
model, the R2 value associated with the model increased.



Figure 1: R2 Value Associated with Each Model
The y-axis shows which predictors are included in each linear regression model. The x-axis represents the

R2 value, in percentages, associated with each model. In each model, reading score is the outcome measure. The
numeric labels on the rightmost side of each bar represent the R2 value associated with the given model. As more
predictors are added to the model, the R2 value increases.

The second set of analyses measured the ΔR2 from a linear regression model with age and
sex predicting reading score to a linear regression model with age, sex, and one variable of
interest predicting reading score (Figure 2). The largest effect sizes resulted from adding the
following predictors to the model: Speech Delay; Recreational Reading; KSADS Special
Education, KSADS Gifted Program; and SES. When Speech Delay is added, R2 changes by
0.026. When Recreational Reading is added, the R2 changes by 0.1027. When KSADS Special
Education is added, the R2 changes by 0.0807. Lastly, when KSADS Gifted Program is added,
the R2 changes by 0.0517. When SES is added, the R2 changes by 0.0807.

Some smaller effect sizes that still yielded interesting findings resulted from adding the
following variables: Average Sleep; TV Screen Time; Video Screen Time; Youth English
Proficiency; Speech Delay; Problem Solving; CBCL Rulebreak Syndrome; CBCL Attention
Syndrome; CBCL Social Syndrome; UPPS Positive Urgency; Parental Monitoring; and
Perceived Discrimination. When Average Sleep is added, R2 changes by 0.0181. When TV
Screen Time is added, R2 changes by 0.0204. When Video Screen Time is added, R2 changes by
0.018. When Youth English Proficiency is added, R2 changes by 0.0068. When Problem Solving
is added, R2 changes by 0.016. When CBCL Rulebreak Syndrome is added, R2 changes by
0.0092. When CBCL Attention Syndrome is added, R 2 changes by 0.0124. When CBCL Social
Syndrome is added, R2 changes by 0.0094. When UPPS Positive Urgency is added, R2 changes
by 0.087. When Parental Monitoring is added, R2 changes by 0.0085. Lastly, when Perceived
Discrimination is added, R2 changes by 0.014.



After running likelihood ratio tests, the all of the variables except for the following
yielded statistically significant ΔR2 values: First Word, Sleep Disturbances, CBCL
Anxiety/Depression Syndrome, CBCL Thought Syndrome, CBCL Somatic Syndrome, CBCL
Withdrawn/Depressed Syndrome, BIS Summary Score, UPPS Lack of Planning, School
Involvement, School Environment, Youth Prosociality, Parent Prosociality, and Friends.

Legend:

Figure 2: Reading Score Variance Explained by Predictors, Controlling for Age & Sex
The y-axis shows the predictors added to the linear regression model in which age and sex predict reading

score. The x-axis represents the ΔR2 associated with each model multiplied by the sign of the slope between each
variable and reading score. This shows the reading score variance explained by each predictor, above and beyond
age and sex, and the direction of this relationship. The numeric labels to the right of each bar represent the Δ R2

when each of the predictors is added to the model in which age and sex predict reading score. Each bar is
color-coded according to the behavioral domain it belongs to, indicated in the legend. [Refer to Methods for
information on the different behavioral domains].



In the final stage of analysis, three sets of models were run to measure the ΔR2 when each
domain of variables was added to the model with age and sex predicting reading score; the ΔR2

when each domain of variables was added to the model with age, sex, and SES predicting
reading score; and the ΔR2 when each domain of variables was individually omitted from the full
linear regression model in which all variables of interest and covariates predicted reading score.
These ΔR2 values represent the variance in reading score explained controlling for age and sex
(Figure 3; blue); the variance explained controlling for age, sex, and SES (Figure 3; green); and
the unique variance explained controlling for all variables, respectively (Figure 3; yellow).

The Lingustic Development Factors account for 3.04% of variance in reading score
when controlling for age and sex. The variance accounted for by the Linguistic Developmental
Factors drops to 3% when controlling for age, sex, and SES and drops again to 0.7% when
controlling for all variables. The Bilinguality Factors account for 3.42% of variance in reading
score when controlling for age and sex. The variance accounted for by the Bilinguality Factors
drops to 2.3% when controlling for age, sex, and SES and drops again to 1.1% when controlling
for all variables. The Recreational Reading variable explains 9.06% of variance in reading score
when controlling for age and sex. The variance explained by the Recreational Reading variable
drops to 6.8% when controlling for age, sex, and SES and drops further to 3.4% when controlling
for all variables. The Academic Factors explain 12.66% of variance in reading score when
controlling for age and sex. The variance explained by the Academic Factors drops to 9.1%
when controlling for age, sex, and SES and drops further to 4.1% when controlling for all
variables.

The Screentime Factors account for 4.03% of variance in reading score when controlling
for age and sex. The variance explained by the Screentime Variables drops to 1.3% when
controlling for age, sex, and SES and then to 0.4% when controlling for all variables. The Sleep
Factors account for 2.14% of the variance in reading score when controlling for age and sex. The
variance explained by the Sleep Factors drops to 0.3% when controlling for age, sex, and SES
and to 0.1% when controlling for all variables.

The Psychopathology/Temperament Factors account for 7.26% of the variance in reading
score when controlling for age and sex. The variance explained by the
Psychopathology/Temperament Factors drops to 3.7% when controlling for age, sex, and SES
and drops further to 1.1% when controlling for all variables. The School/Neighborhood
Environment Factors account for 1.1% of the variance in reading score when controlling for age
and sex. The variance explained by the  School/Neighborhood Environment Factors drops to
0.5% when controlling for age, sex, and SES and further to 0.1% when controlling for all
variables. The Psychosocial Environment Factors explain 3.76% of the variance in reading score
when controlling for age and sex. The variance explaind by the Psychosocial Environment
Factors drops to 1.6% when controlling for age, sex, and SES and to 0.5% when controlling for
all variables.

ABCD Site accounts for 1.99% of the variance in reading score when controlling for age
and sex. The variance explained by ABCD Site drops to 1.7% when controlling for age, sex, and



SES and to 1.3% when controlling for all variables. SES accounts for 9.26% of the variance in
reading score when controlling for age and sex, which drops to 2.2% when controlling for all
variables. Lastly, age and sex explain 4.7% of the variance in reading score when controlling for
all variables.

Figure 3: Reading Score Variance Explained by Behavioral Domains
The y-axis shows the sets of variables in behavioral domains included in three different linear regression

models that predict reading score. The x-axis represents the ΔR2 associated with each model and variable domain.
The numeric labels to the right of each bar represent the ΔR2 value associated with a given model and variable
domain. The different colors of the bars represent the different models. The purple bars indicate the Δ R2 when each
variable domain is added to the model with age and sex predicting reading score, which translates into the variance
in reading score explained by each variable domain, controlling for age and sex. The green bars indicate the ΔR2

when each variable domain is added to the model with age, sex, and SES predicting reading score, which translates
into the varaince in reading score explained by each domain group, controlling for age, sex, and SES. The yellow
bars indicate the and the Δ R2 when each variable domain is individually omitted from the full linear regression
model in which all variables of interest and covariates predict reading score, which translates into the unique
variance in reading score explained by each variable domain, controlling for all other variables.



Discussion

I ran three different sets of linear regression models to determine the unique and
overlapping variability in reading score that different variables and behavioral domains
accounted for. The first set of models were run to determine the amount of variability in reading
score explained by three different models: one null model in which age and sex predicted reading
score; another null model in which age, sex, and SES predicted reading score; and a full model in
which all variables of interest predicted reading score. The second set of models were run to
determine the variance in reading score explained by individual variables in these domains,
controlling for age and sex. The third set of models were run to determine the variability in
reading score explained by each behavioral domain and the extent to which these domains
overlap with SES and each other in the variability they account for in reading score. Recreational
Reading, Academic Factors, and SES yielded the largest effect sizes on their own and all of the
behavioral domains were mediated by SES and each other, suggesting that variability in reading
performance was shared amongst these domains.

Variability in Reading Performance Explained by 3 Different Models
By comparing the R2 values associated with the three models from the first set of

analyses, we can ascertain how much variance in reading score each model accounted for. The R2

value increased from 0.0484 with age and sex as predictors to 0.141 with age, sex, and SES as
predictors. This entails that SES on it’s own accounted for a substantial amount of variance in
reading score that was not captured by age and sex alone. The R2 value increased again from
0.141 with age, sex, and SES as predictors to 0.336 with all variables of interest as predictors.
This jump in R2 value suggests that the remaining variables of interest accounted for a substantial
amount of variance in reading score that was not captured by age, sex, and SES alone.

Variability in Reading Scores Explained by Experiential Factors
Experiential factors, defined as factors that explain how school-aged children spend their

time, accounted for some variability in reading score. They may have also mediated some of the
relationships observed between reading score and variables of interest.

Recreational reading yielded the largest effect size when controlling for age and sex, with
a 0.1027 ΔR2, where higher reading scores were associated with more time spent reading for
recreation. Children who are good at reading are motivated to read more, which entails growth in
vocabulary and reading skills and widen the gap between good and bad readers over time (Clark,
2006). Another study discovered in their cohort of adolescents that reading for pleasure was
more strongly associated with cognitive progress in math and vocabulary than parental education
(Sullivan, 2015). Overall, the finding that recreational reading explained a significant amount of
variance in reading score suggests that a child’s intrinsic motivation to read may lead them to
read more, which could then lead to them developing more reading skills.



The variability in reading explained by Recreational Reading overlapped with other
behavioral domains in the model. The difference between the ΔR2 value predicted by
Recreational Reading with and without controlling for all other variables of interest was 0.0566,
which highlights the overlapping variability in reading score predicted by Recreational Reading
and other behavioral domains. Based on the literature, I hypothesize that the variability in
reading explained by Recreational Reading may overlap with Academic Factors and Screen
Time Factors. Bobel found that children in gifted programs spent more time reading for pleasure
than for information (1981). If children in gifted programs dedicate more time to reading, they
may spend more time developing their reading skills, and therefore may have a higher reading
performance. A potential mechanism to explain the overlapping variability between Recreational
Reading and Screen Time Factors is that the more time children spend on screens, the less time
they may spend reading for recreation. Wiecha found that children whose parents limit their
television time spend more time reading (2001). Another study by Han found a negative
association between the time children spent reading and the time they spent watching screens
(2019). If children spend more time on screens and less time reading, they may dedicate less time
to developing their reading skills and could have a poorer reading performance.

Both of the Academic Factors, KSADS Special Education and KSADS Gifted Program,
yielded large effect sizes when controlling for age and sex. KSADS Special Education yielded a
0.0807 ΔR2, where lower reading scores were associated with enrollment in special education
programs. KSADS Gifted Program yielded a 0.0517 ΔR2, where higher reading scores were
associated with enrollment in gifted programs. I propose that the Gifted Program accounts for a
substantial amount of variability in reading performance because children are initially admitted
into such programs due to the fact that they perform at a higher level in school than their peers,
including their reading performance. In one study, Rowe et al, reported that the test scores of
adolescent participants in gifted and talented school programs on the Full Scale IQ (FSIQ),
General Ability Index (GAI), and the Verbal Comprehension and Perceptual Reasoning exams
were associated with their standardized test scores in reading comprehension (2012). Given that
these children perform at a higher academic level, it follows that their reading scores would be
higher than those of their peers. Once children are admitted into gifted programs, they are often
given more resources and encouragement to succeed in reading. One case study found that
students in gifted programs were initially frustrated when asked to read above their instructional
level and struggled with doing so, but they were given extra encouragement from instructors and
were eventually able to succeed in reading more advanced texts (Reis, 2009). Moreover, the
finding that the Gifted Program explains a substantial amount of variability in reading
performance suggests that perhaps children enter these programs with above average reading
abilities and are then provided special resources and attention to foster these abilities through the
program.

On the other hand, I hypothesize that the Special Education Programs account for a
substantial amount of variability in reading performance because children are initially admitted
into these programs due to performing at a lower academic level than their peers. As a result,



there are many children in these programs with learning disabilities that may impair their reading
performance. Studies have found that almost 80% of children eligible for special education
enrollment have serious reading problems, such as dyslexia (Dyslexia: What Brain Research
Reveals About Reading). Additionally, in some cases there appears to be a lack of effective
interventions to improve the reading performance of children enrolled in special education
programs. One study found that most special education teachers seemed uncertain as to how to
improve their students’ reading comprehension skills and they often failed to use complicated
strategies to achieve this (Klinger et al, 2010). The finding that special education programs
explain a significant amount of variability in reading performance suggests that children in these
programs may have pre-existing reading difficulties that make them eligible for enrollment in
special education and they may not be given adequate instruction to improve their reading
performance once enrolled in the programs.

The variability in reading explained by Academic Factors overlapped with other
behavioral domains. The difference between the ΔR2 value predicted by Academic Factors with
and without controlling for other behavioral domains was 0.0856. I propose that the variance
explained by Academic Factors may overlap with Recreational Reading and Linguistic
Development. The relationship between Academic Factors and Recreational Reading is
highlighted above. A possible explanation for the overlapping variability between Academic
Factors and Linguistic Development is that children who develop linguistic skills faster are
potentially more likely to be enrolled in gifted programs. One case study found that a child
enrolled in a gifted program developed language skills at a rapid pace (Hatice and Nuket, 2018).
Another study found that early development of speech, movement, and reading is common in
young children later enrolled in gifted programs and is related to high intellectual performance
(Miraca, 1997). Such children may receive more advanced reading instruction and read at a more
advanced level in the gifted programs, possibly leading them to have better reading
performances.

The variability in reading explained by Screen Time Factors overlapped with other
behavioral domains too. The difference between the ΔR2 predicted by Screen Time Factors with
and without controlling for all other behavioral domains was 0.0363. I propose that the variance
explained by Screen Time Factors overlaps with Sleep Factors. One possible mechanism to
explain the ties between these factors is the negative relationship between adolescent screen time
and sleep observed in the literature. One study found negative bidirectional relationships
between sleep duration and media use in school-aged children (Magee et al, 2014). Additionally,
screen time was negatively associated with sleep outcomes in 90% of the 67 studies reviewed by
Hale and Guan (2015). These studies suggest that children who spend more time on screens get
less sleep and poorer quality sleep. In another study, prolonged insufficient sleep negatively
impacted cognitive and affective functioning (Short and Chee, 2019). Therefore, these children
who engage in more screen time and get less sleep may be at risk of having poorer cognitive
functioning, which could then put them at risk for poorer reading performance.



Variability in Reading Scores Explained by SES and SES Mediation Effects
SES accounted for some of the variability observed in reading score, yielding a large

effect size of 0.0807 ΔR2 when controlling for sex, where higher reading scores were associated
with higher SES. SES also appeared to serve as a mediator in the relationships between
behavioral domains and reading score because there was an overlap in the variability in reading
predicted by SES and each behavioral domain.

Sleep Factors had the largest SES mediation of all behavioral domains observed in this
study. The difference between the ΔR2 predicted by Sleep Factors with and without controlling
for SES was 0.0184, which highlights the overlapping variability in reading predicted by both
SES and Sleep Factors. SES mediated almost all the variability in reading explained by Sleep
Factors and this result is driven by the sleep disturbances measure. A potential explanation for
this overlapping variability is that children from low SES backgrounds have a higher rate of
sleep related issues, as documented in the literature. Low SES is associated with poor sleep
quality, shorter sleep duration, and more daytime sleepiness in youths (Felden et al, 2015).
Buckhalt found that many children from low SES backgrounds don’t sleep well and that these
sleep problems consequently have greater effects on their cognitive functioning and academic
achievement (2011). Sleep is associated with intellectual capacity and academic performance in
children (Buckhalt et al, 2009). Therefore, children from lower SES backgrounds may suffer
greater tolls on their cognitive functioning as a result of their sleep related issues, and their
impaired cognitive functioning may then lead to poorer reading performances.

The variability in reading explained by Recreational Reading also overlapped with SES.
The difference between the ΔR2 value predicted by Recreational Reading with and without
controlling for SES was 0.023, which highlights the overlapping variability in reading predicted
by SES and Recreational Reading. A potential explanation for this overlapping variability is that
children from lower SES backgrounds have fewer interactions with reading materials and
activities relative to children from higher SES backgrounds. Sociocultural literature has posited
that children from impoverished backgrounds have poorer literacy not as a direct result of their
household income, but because they don’t receive enough literacy experiences in their homes
(Bhattacharya, 2010). Froiland additionally found that neighborhood SES predicted home
literacy, defined as parents and children reading together and the number of books in a home,
which subsequently predicted early literacy abilities in children (2013b). If children from low
SES have fewer literacy opportunities in their homes, they may also have fewer opportunities to
read for pleasure. Therefore, these children may have fewer opportunities to develop reading
skills, and subsequently have poorer reading performance.

The variability in reading explained by Academic Factors overlapped with SES. The
difference between the ΔR2 value predicted by Academic Factors with and without controlling
for SES was 0.0356. A potential mechanism to explain the overlapping variability accounted for
by SES and Academic Factors is the differential representation of children from high and low
SES in gifted programs. McBee found that children from low SES were underrepresented in



gifted programs (2006). If there are fewer children from low SES backgrounds in gifted
programs, they are potentially not given the same opportunities for advanced reading instruction
as their peers from higher SES backgrounds. Schools in different districts may have differential
access to gifted programs, so that schools with less money may not have the same resources for
gifted programs as schools with more money. Therefore, the lack of representation of children
from low SES backgrounds in these programs may be a direct result of the funding their school
receives. Overall, the lack of representation of children from low SES backgrounds in gifted
programs, whether or not it is a direct result of differences in school funding, may entail fewer
opportunities for these children to advance their reading skills and potentially be tied to these
children demonstrating poorer reading performance.

The variability in reading explained by Screen Time Factors overlaps with SES. The
difference between the ΔR2 predicted by Screen Time Factors with and without controlling for
SES is 0.0273. A potential explanation for the overlapping variability between Screen Time
Factors and SES is that children from low SES backgrounds spend more time on screens. One
study found that female children in low SES neighborhoods had significantly more screen time
than those in high SES neighborhoods (Carson et al, 2010). Another study concluded that
school-aged children from low SES backgrounds had more access to screens in their bedrooms
(Tandon et al, 2012). One study also found a negative association between the time children
spent reading and the time they spent watching screens (Han, 2019). Therefore, children who
spend more time on screens may spend less time reading for pleasure. This relationship suggests
that children from low SES backgrounds may spend more time engaged with screens and less
time engaged with reading materials and that as a result, these children may have poorer reading
performance due to a lack of reading practice.

The variability in reading explained by Psychopathology/Temperament Factors also
overlapped with SES. The difference between the ΔR2 predicted by
Psychopathology/Temperament Factors with and without controlling for SES was 0.0356. I
hypothesize that the overlapping variability between Psychopathology/Temperament Factors and
SES may be due to the overrepresentation of psychopathology in children from low SES
backgrounds. In the literature, measures of different domains in psychopathology and
temperament were positively or negatively associated with school-aged reading and literacy.
Children from lower SES backgrounds have higher rates of psychopathology (Peverill et al,
2021). Additionally, one study found that adolescents who were impoverished since birth or who
became impoverished between the ages of 0-11 years displayed increased conduct problems by
age 15 (Anselmi, 2012). These children with psychopathology problems may then be more likely
to have poor reading performance. Goldston et al. found that adolescents with poor reading skills
had higher levels of ADHD, affective and anxiety disorders, and more functional impairment in
many areas (2007). Another study found that harm avoidance and total anxiety problems were
positively correlated with reading fluency in young female participants (Grills-Taquechel et al,
2012). Overall, if children from lower SES backgrounds have higher rates of psychopathology
and if children with psychopathology problems demonstrate poorer reading performance, this



relationship may explain how SES and psychopathology are linked in their ability to explain
variability in adolescent reading performance.

Variability in Reading Score Explained by Developmental and Psychopathology Traits
Speech Delay yielded one of the largest effect sizes when controlling for age and sex,

with a 0.026 ΔR2, where higher reading scores were associated with less speech delay. I
hypothesize that Speech Delay accounts for a significant amount of variability in reading score
because the age at which a child begins to speak is related to the trajectory of their linguistic and
reading development. One study that lends support to this theory showed that late talkers scored
in the same range as their normally developing counterparts in reading skills at ages 6 and 7, but
then had worse scores on the same tasks by ages 8 and 9, suggesting that slow early language
development predisposes children for slower acquisition of language skills and lower
performance in language skills into adolescence (Rescorla, 2002). Another study found that the
age at which children acquire language skills has long term effects on their reading and language
skills and on the neural pathways underlying these skills into their school-age years (Preston,
2010). Overall, the finding that speech delay explains a significant amount of variance in reading
scores suggests children who speak later than average may have a slower linguistic
developmental trajectory, and subsequently acquire reading skills at a slower pace, than children
who speak earlier than average or on time.

The variability in reading explained by Psychopathology/Temperament Factors
overlapped with other behavioral domains. The difference between the ΔR2 predicted by
Psychopathology/Temperament Factors with and without controlling for other behavioral
domains was 0.0616. I hypothesize that the variability explained by
Psychopathology/Temperament Factors may overlap with Academic Factors and Screen Time
Factors. Children in special education programs have more psychopathology problems that may
predispose them to poorer reading performance. One study found that ODD, ADHD,
parent-report internalizing behaviors, and teacher-reported externalizing behaviors were
associated with special education enrollment for adolescents (Levine et al, 2013). Another
countrywide survey found that half of the children in special education programs et the criteria
for an ADHD diagnosis (Bussing et al, 2011). These findings show that psychopathology
diagnoses are common for children enrolled in special education programs, particularly ADHD
diagnoses. In the literature, ADHD is associated with reading issues. One study found that young
adults with ADHD performed significantly worse than control groups on reading speed, response
to questions, and a test of reading comprehension (Miranda et al, 2013). Another study
confirmed that reading comprehension problems are common in adolescents with ADHD and
found a significant relationship between sustained attention and reading comprehension in
adolescents with and without ADHD (Pnina and Lilach, 2013). Overall, if children in special
education programs are often diagnosed with ADHD and ADHD is associated with reading
difficulties, these children may be likely to have poorer reading performance.



The variability in reading explained by Psychopathology/Temperament Factors may also
overlap with Screen Time Factors. One study with a cohort of 3,826 adolescents reported a
within-person association between social media and television consumption with depressive
symptoms (Boers et al, 2019). Another study found that video game use was associated with
anxiety and that video game and computer use were correlated with depression in children
(Maras et al, 2015). As previously established, one study discovered a negative correlation
between time spent reading and watching screens in children (Han, 2019). Therefore, if children
with psychopathology problems spend more time engaged with screens, they may also spend less
time engaged with reading materials. This lack of reading practice may then lead to poorer
reading performance in this demographic.

Conclusions and Future Directions
I identified relationships that exist between oral reading scores and many other variables

that describe the individual and environmental context of ABCD Study participants. The
discovery of such relationships will ultimately contribute to a multidimensional understanding of
the factors that underpin reading proficiency in 9-10 year old children. My analysis project has
the potential to identify attributes in children, such as differences in linguistic development;
English fluency levels; attitudes towards reading; academic programs; screen time habits; sleep
behaviors; psychopathology; temperament; school and neighborhood environments;
psychosocial environment; and socioeconomic status, that account for variability in their reading
abilities.

Development is dynamic and as children develop over time, there are many external
factors that can change or influence their developmental trajectories. Therefore, identifying
factors associated with adolescent reading performance can help us understand the ways in
which childhood literacy is related to different factors over time. Adolescent reading proficiency
is highly predictive of later outcomes, such as economic stability, career success, and
opportunities for higher education. Therefore, identifying factors associated with adolescent
reading performance provides insight into potential interventions to improve adolescent reading
performance and potentially improve their future outcomes.
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Appendix



Appendix A: Variable Table

Variable Name Domain Definition Item or
Summary

Changes
Applied

Valid Range of
Values

Reading Score NIH Toolbox Oral
Reading Recognition
Test Score

Item 59-180

First Word Linguistic
Development
Factors

(Parent report) Age (in
months) child was
able to say their first
word

Item 0-60

Speech Delay Linguistic
Development
Factors

(Parent report)
Whether the child’s
speech development
was earlier, average,
or later than most
children

Item Numeric
transformation

1-5

Parent English
Proficiency

Bilinguality Factors (Parent report) How
well the participant’s
parent speaks English

Item Numeric
transformation

1-4

Youth English
Proficiency

Bilinguality Factors (Youth report) How
well the child speaks
English

Item Numeric
transformation

1-4

Parent Bilinguality Bilinguality Factors (Parent report) Parent
speaks another
language other than
English

Item Numeric
transformation

0-1

Youth Bilinguality Bilinguality Factors (Youth report) Child
speaks another
language other than
English

Item Numeric
transformation

0-1

Recreational
Reading

Recreational
Reading

(Parent report) Hours
per week child spends
reading for pleasure

Item Removed values >30
because any value
above 30 is highly
unlikely. 77 values
outside valid range
were omitted.

0-30

KSADS Special
Education

Academic Factors (Parent report)
Whether or not a child

Summary Recoded so that any
value >= 1 is a 1

0-1



receives special
education services

KSADS Gifted
Program

Academic Factors (Parent report)
Whether the parent’s
child is a member of
their school’s Gifted
Program

Item Numeric
transformation

0-1

TV Screen Time Screen Time Factors (Youth report) Hours
spent watching TV per
week

Item Numeric
transformation

1-7

Videos Screen Time Screen Time Factors (Youth report) Hours
spent watching videos
(eg YouTube) per
week

Item Numeric
transformation

1-7

Videogames Screen
Time

Screen Time Factors (Youth report) Hours
spent playing
videogames per week

Item Numeric
transformation

1-7

Texting Screen Time Screen Time Factors (Youth report) Hours
spent texting per week

Item Numeric
transformation

1-7

Social Media Screen
Time

Screen Time Factors (Youth report) Hours
spent on social media
per week

Item Numeric
transformation

1-7

Videochatting Screen
Time

Screen Time Factors (Youth report) Hours
spent videochatting
per week

Item Numeric
transformation

1-7

Average Sleep Sleep Factors (Parent report) Hours
of sleep child gets
most nights

Item

Sleep Disturbances Sleep Factors (Parent report) Sum of
sleep disorders &
disturbances a child
presents

Summary 26-126

CBCL Aggressive
Syndrome

Psychopathology
Factors

(Parent report) Sum of
Aggressive CBCL
Syndrome Scale

Summary 0-36

CBCL
Anxiety/Depression
Syndrome

Psychopathology
Factors

(Parent report) Sum of
Anxiety/Depression
Syndrome Scale

Summary 0-26



CBCL Rulebreak
Syndrome

Psychopathology
Factors

(Parent report) Sum of
Rulebreak Syndrome
Scale

Summary 0-23

CBCL Attention
Syndrome

Psychopathology
Factors

(Parent report) Sum of
Attention Syndrome
Scale

Summary 0-20

CBCL Social
Syndrome

Psychopathology
Factors

(Parent report) Sum of
Social Syndrome
Scale

Summary 0-19

CBCL Thought
Syndrome

Psychopathology
Factors

(Parent report) Sum of
Thought Syndrome
Scale

Summary 0-22

CBCL Somatic
Syndrome

Psychopathology
Factors

(Parent report) Sum of
Somatic Syndrome
Scale

Summary 0-18

CBCL
Withdrawn/Depresse
d Syndrome

Psychopathology
Factors

(Parent report) Sum of
Withdrawn/Depressed
Syndrome Scale

Summary 0-16

Problem Solving Problem Solving (Youth report) Will’s
Problem Solving
summary score

Summary Numeric
transformation

6-30

BAS Drive Temperament
Factors

(Youth report) BAS
Drive summary score

Summary 0-12

BAS Fun Seeking Temperament
Factors

(Youth report) BAS
Fun Seeking summary
score

Summary 0-12

BAS Reward
Responsiveness

Temperament
Factors

(Youth report) BAS
Reward
Responsiveness
summary score

Summary 0-15

BIS Summary Score Temperament
Factors

(Youth report) BIS
summary score

Summary 0-21

UPPS Lack of
Perseverance

Temperament
Factors

(Youth report) Lack of
perseverance
summary score

Summary 4-16



UPPS Lack of
Planning

Temperament
Factors

(Youth report) Lack of
planning summary
score

Summary 4-16

UPPS Positive
Urgency

Temperament
Factors

(Youth report)
Positive urgency
summary score

Summary 4-16

UPPS Negative
Urgency

Temperament
Factors

(Youth report)
Negative urgency
summary score

Summary 4-16

UPPS Sensation
Seeking

Temperament
Factors

(Youth report)
Sensation seeking
summary score

Summary 4-16

Neighborhood Safety
& Crime

Neighborhood
Environment

(Parent report) How
safe/unsafe parent
feels in their
neighborhood

Summary Numeric
transformation

1-5

School
Disengagement

School Environment (Youth report) Child’s
level of
disengagement in
school

Summary Numeric
transformation

2-8

School Involvement School Environment (Youth report) Child’s
level of involvement
in school

Summary Numeric
transformation

4-16

School Environment School Environment (Youth report) Child’s
perceived quality of
school environment

Summary Numeric
transformation

6-24

Parental Monitoring Psychosocial
Environment

(Youth report) The
average value of all
parental monitoring
(pm) variables

Summary Numeric
transformation

1-5

Parent Family
Conflict

Psychosocial
Environment

(Parent report) Level
of family conflict

Summary 0-9

Youth Family
Conflict

Psychosocial
Environment

(Youth report) Level
of family conflict

Summary 0-9

Perceived
Discrimination

Psychosocial
Environment

(Youth report) degree
of perceived
discrimination on the

Summary Numeric
transformation

1-5



basis of youth’s race
& ethnicity

Parental Acceptance Psychosocial
Environment

(Youth report) degree
of perceived
acceptance & care
from both parents

Summary 1-3

Youth prosociality Psychosocial
Environment

(Youth report)
prosocial behavior
self report

Summary Numeric
transformation

0-2

Parent Prosociality Psychosocial
Environment

(Parent report)
prosocial behavior
self report

Summary Numeric
transformation

0-2

Friends Psychosocial
Environment

(Youth report) Total
number of child’s
friends

Item Quantile
normalization
transformation

0-200

Close Friends Psychosocial
Environment

(Youth report) Total
number of child’s
close friends

Item Quantile
normalization
transformation

0-200

Combined Family
Income

SES (Parent report) Total
combined family
income over the past
year

Item Log transformation 2500 - 250000

Highest Level of
Parent Education

SES Highest level of
education parents’
education

Item < HS Diploma; HS
Diploma/GED; some
college; Bachelor; Post
Graduate Degree

ABCD Site ABCD Site Site at which
participant’s data was
collected

Item Gave each site a
valid name, such as
changing “site01” to
“CHLA”

Age Age Age of child (in
months)

Item 107-165

Sex Sex Sex of child at birth Item Male; Female


