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Prelude

This document presents the final project completed collaboratively with fellow students as part of
PUBH 7430: Analysis of Correlated Data at the University of Minnesota School of Public Health in
the Fall of 2023, a requirement in my MS Biostatistics Curriculum.

All relevant work files, including the .qmd file for document generation, are accessible in my GitHub
repository. The repository contains exploratory data analysis, model development steps, and documen-
tation of the raw dataset.

The report is designed to be focused on the analysis of two hypotheses, focusing on the statistical
aspects of the analysis. Its purpose is to convey results effectively to both statisticians and scientists
with a proficiency in literature grounded in statistical inference.

This document serves as a practical example of the final reports I can produce in my role as a data
scientist or statistician. For more samples and a comprehensive view of my work, please explore my
portfolio, showcasing various reports, studies, dashboards, and other analytical files.

Abstract

Introduction. Emotional and cognitive stimulation at home may be important factors influencing
child development both academically and behaviorally, however these effects are poorly described. To
address this gap, we sought to define the association between emotional and cognitive stimulation at
home on reading comprehension and antisocial behavior.

Methods. This study was a secondary analysis of data obtained from a subset of children aged 6
to 8 born to female participants in the National Longitudinal Survey of Youth (NLSY). Our primary
outcome was the child’s reading comprehension score and secondary outcome was antisocial behavior
at four time points. Predictor variables were the cognitive and emotional stimulation at home. We
employed a Gaussian Generalized Estimating Equation (GEE) model with an identity link and an
exchangeable correlation structure to investigate the impact of cognitive stimulation and emotional
support on child development.
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Results. A total of 405 children were enrolled in the study. Mean home cognitive stimulation is 8.89
(SD 2.58) and home emotional stimulation was 9.20 (SD 2.31) at baseline. The mean reading score at
baseline was 2.52 (SD: 0.92) and increased throughout follow-up. Measures of antisocial behavior at
baseline was 1.66 (SD: 1.66) and remained stable. A one-unit increase in the cognitive stimulation for
an average child with an emotional score of 0 corresponded to a 0.08 (95% CI: -0.01 to 0.18) increase
in reading comprehension after adjusting for other predictors, which was not significant (P=0.08). The
similar effect of emotional stimulation was 0.05 (95% CI: -0.03 to 0.13) increase in reading score. We
have found no evidence that emotional support (P = 0.58) or cognitive stimulation (P=0.89) scores are
statistically related to change in the antisocial behavior scores.

Conclusion. This study did not find evidence that cognitive stimulation or emotional support provided
at home were associated with children’s reading comprehension. Well-designed and adequately powered
observational studies will be necessary to further investigate this association.

Introduction

Behavior and academic ability are important components of childhood development. Since both are
believed to be impacted in part by the home environment (CPPRG, 1992; Patterson et al., 1992), a
better understanding of these areas has the potential to help facilitate a positive home environment for
child development. Specifically, emotional support and cognitive stimulation in the home may affect a
child’s readiness to learn in school (CPPRG, 1992), as can pre-existing behavior issues (Moffitt, 1990;
Moffitt & Silva, 1988). This suggests that more emotional support and cognitive stimulation in the home
could be associated with better academic ability and, potentially, fewer behavioral issues. Conversely,
less emotional support and cognitive stimulation may lead to academic failure and behavioral issues that
could be compounded by further alienation in the school setting (Patterson et al., 1992). We sought to
use existing data to examine the association between children’s emotional and cognitive stimulation in
the home setting and the child’s reading ability (as a measure of academic readiness) and, secondarily,
antisocial behavior (as a measure of behavior problems). We had the following aims and hypotheses:

• Aim 1: Determine the association between a child’s emotional support at home and a child’s
reading ability. We hypothesized that emotional support would be positively associated with
reading ability.

• Aim 2: Determine the association between children’s cognitive stimulation at home and child’s
reading ability. We hypothesized that cognitive stimulation would be positively associated with
reading ability.

• Aim 3: Determine whether there is interaction between a child’s emotional support and cog-
nitive stimulation and reading ability. We hypothesized that emotional support and cognitive
stimulation would have a synergistic effect on reading ability.

• Aim 4: Determine whether a child’s emotional support and cognitive stimulation influence the
secondary outcome of antisocial behavior. We hypothesized that emotional support and cognitive
stimulation would be negatively associated with antisocial behavior.
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Methods

Study design and population

This study involved a secondary analysis of data obtained from a subset of children born to female
participants in the National Longitudinal Survey of Youth (NLSY). The NLSY commenced its recruit-
ment of representative samples from the non-institutionalized U.S. population in 1979. From 1986
onwards, comprehensive assessments were conducted biennially on the offspring of the original NLSY
participants. Inclusion criteria for this analysis required that children be between 6 and 8 years old
during the initial measurement wave, possess complete data on relevant measures at that wave, and
not be a sibling of any other participants.

Summary of measures

Our primary outcome was the child’s reading ability as measured by the Peabody Individual Achieve-
ment Test (PIAT) Reading Recognition subtest. Reading recognition was measured at four time points
(every two years over a span of six years). This was a continuous, cluster variant measure. Scores
could range in value from zero to 8.4. Our secondary outcome was antisocial behavior as measured
using the Behavior Problems Index (BPI) antisocial behavior six-item subtest completed by mothers of
the participants. These six items were summed to compute an overall measure of antisocial behavior,
and scores could range in value from zero to 12. Higher scores indicated higher levels of antisocial
behavior. This continuous, cluster variant variable was assessed at the same four time points as the
primary outcome.

The degree of cognitive stimulation provided to the child at home was assessed by mothers using the
cognitive stimulation subscale of the HOME-SF. This was a continuous, cluster invariant variable which
was only measured at baseline. Scores could range from zero to 14. Emotional support provided to the
child was assessed by mothers using the Home Observation for Measurement of the Environment-Short
Form (HOME-SF). This was also a continuous, cluster invariant variable which was only measured
at baseline. Scores could range in value from zero to 13. Potential confounders included mother’s
age, child’s age and child gender. Both mother’s age and child’s age were continuous cluster invariant
variables measured at time point 1. Child’s gender was a cluster invariant binary variable.

Statistical methods

We employed a Gaussian Generalized Estimating Equation (GEE) model with an identity link and
an exchangeable correlation structure to investigate the impact of cognitive stimulation and emotional
support on child development. Reading scores and antisocial behavior scores were utilized as proxy
measures for distinct facets of child development. Two distinct models were constructed for the primary
and secondary outcomes, incorporating a variety of predictors and interaction terms. Candidate models
underwent refinement through an ANOVA test utilizing Wald Statistics to discern the significance of
predictors, after accounting for variation explained by other considered predictors. The selection and
exclusion of model terms were guided by this statistical assessment.All models were fit using a complete
case data analysis approach. We distinguish between non-observed reading or antisocial score, and
explicitly missing data. Of 1,393 observations available for analysis, reading scores were missing at 68
distinct time points, and antisocial scores were missing at 23 distinct time points. Decision to perform
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a complete analysis was done based on the amount of available data. All analyses were performed using
R version 4.3.1 (2023-06-16).

Results

Study Population

This study examined a sample of children of female participants from the National Longitudinal Survey
of Youth (NLSY). Beginning in 1986, extensive assessments were administered every other year to these
children. At least one interview was obtained on 9,360 children. A much smaller number of children
were included in this study.The selection criteria and number of participants are described in Figure 1.
Children were excluded from this study if they were not between the ages of 6 and 8 during the first
wave of measurement, they did not have complete measures of interest at the first wave of measurement,
or if they were a sibling of another child included in the study.

Descriptive Statistics

A total of 405 children were enrolled in the study. 203 (51%) were male and mean age was 6.92 (SD 0.63)
at baseline. Mean home cognitive stimulation is 8.89 (SD 2.58) and home emotional stimulation was
9.20 (SD 2.31) at baseline and both were similar throughout the visits. All participants had baseline
data recorded. 18 subjects were missing at first follow up, 104 at second follow up and 105 at the third
follow up. It was possible for children to be missing at one time point (after baseline) but be present
at a later point in the study. Reading comprehension scores showed substantial change over the 6-year
follow-up period Table 1. The mean reading score at baseline was 2.52 (sd: 0.92). The average reading
score jumped to 4.08 (sd: 1.08) at the first follow-up, then increased more gradually at the second
and third follow-ups (5.01 (sd:1.16) and 5.77 (sd: 1.25), respectively). Measures of antisocial behavior
remained relatively stable across the follow-up period (Table 1). Average antisocial behavior score at
baseline was 1.66 (sd: 1.66) and only increased to 2.06 (sd: 2.15) by the third follow-up measurement.

Reading Comprehension Scores

Table 2 displays the main and interaction effects of at-home emotional support and cognitive stimulation
scores on reading comprehension scores, as well as estimates for other predictors from the Gaussian GEE
model with an exchangeable correlation structure. We observed variation in the impact of emotional
and cognitive scores at each follow-up time point. The effect modification per additional follow-up for
cognitive scores was 0.01 (95% CI: 0 to 0.03) after adjusting for other predictors.This indicates that as
children aged, the influence of cognitive stimulation on reading scores intensified, albeit not significantly
(P=0.16). Comparatively, the role of emotional stimulation escalated more prominently over time, with
an effect modification of 0.03 (95% CI: 0.01 to 0.05) after adjusting for other predictors, denoting that
the emotional stimulation score amplified with each extra follow-up (P<0.001).

The main effects of emotional and cognitive stimulation quantify the baseline association between these
scores and reading proficiency. We considered and tested interaction between the two effects. A one-
unit increase in the cognitive score for an average child with an emotional score of 0 corresponded to
a 0.08 (95% CI: -0.01 to 0.18) uptick in reading ability after adjusting for other predictors, hinting at
some effect of cognitive scores on literacy skills, though not conclusively (P=0.08). For an average child
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with cognitive score of 0, the emotional support score’s baseline impact on reading comprehension was
0.05. Every additional emotional support point yielded a 0.05 (95% CI: -0.03 to 0.13) rise in scores
after adjusting for other predictors and cognitive stimulation score of 0, an influence not strongly linked
to variation in reading outcomes (P=0.24). This suggests other modeled predictors better elucidate
reading score variability. The estimated interaction between emotional and cognitive scores at baseline
was 0.00 (95% CI: -0.01 to 0.01) after adjusting for other predictors, offering no evidence that one
predictor’s effect changes across levels of the other (P=0.38).

We further investigated the main and interaction effects of age, time, emotional, and cognitive scores
using regression effect plots. Figure 2 presents estimated reading score trajectories over time for children
of varying baseline ages, selected per study inclusion criteria. The greatest difference in mean reading
scores occurs at baseline (p-value associated with Age <0.001), with the youngest children displaying
the steepest growth in reading skills on average (p-value associated with age-time interaction <0.001).
By the third follow-up, children across all starting ages converge to more similar average reading score
levels, as shown by visualized marginal effects of the model.

Secondary analysis: Antisocial behavior

As a secondary outcome, we assessed the impact of emotional support and cognitive stimulation at home
on antisocial behavior at baseline using Gaussian GEE model with exchangeable correlation structure.
The results are presented in Table 3. We have found no evidence that emotional support (P = 0.58)
or cognitive stimulation (P=0.89) scores are statistically related to change in the antisocial behavior
scores. Additionally, there is no evidence that the effect of cognitive scores varies at different levels of
emotional scores (P = 0.36), and vice versa.

Table 3 presents other predictors that have stronger effects that help explain variability in the antisocial
scores. Similar to the reading score analysis, follow-up time period, age of a child at baseline and their
interaction were strong predictors of antisocial behavior change and development. Figure 3 presents
marginal effects of follow up times on antisocial scores for children with varying baseline ages. It appears
that, on average, younger children had lower baseline antisocial scores, which grew at a steeper rate
over the course of six years. In contrast, the oldest children at baseline had approximately 25% higher
antisocial scores, which did not change greatly over time.

We also found an important effect of sex on the antisocial scores. We estimated the marginal effect
of sex for males at 0.86 (95% CI: 0.58 to 1.14) compared to females, after adjusting for other factors.
This factor has no statistically significant interactions with other predictors, we estimated constant
differences between males and females in terms of their respective antisocial scores at all time points,
while accounting for other variables. There is strong statistical evidence (P <0.001) that the average
antisocial behavior score for males was at all times 0.86 points higher when compared to females.

Discussion

Overall, cognitive stimulation, emotional support, and the interaction between the two had very small,
and largely statistically insignificant, effects on reading comprehension scores. Unsurprisingly, the
strongest predictors of reading scores were age (children who were older at baseline had better reading
comprehension) and time (childcare’s reading performance improved at later follow-up points).
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According to estimates derived from our model, the average reading scores for children of all ages appear
to converge to approximately the same level by the third follow-up time point. Notably, children who
were six and eight years old at baseline would be twelve and fourteen years old, respectively, at this
third follow-up point. The diminishing differences observed may suggest a reduction in the learning
effect, with the majority of learning occurring during the earlier stages of the developmental process.

It is important to reference the visualization provided by Figure 2, which illustrates the average change
in reading scores over time for children at different ages. By visually comparing the estimates at follow-
up 2 for children aged eight years old at baseline and follow-up 3 for children aged six at baseline, we note
that the ages of children in these two groups align at these respective follow-up points. Furthermore,
the estimated average reading scores align as well.

This insight suggests that while the estimated learning rates may differ for varying ages, the average
reading ability at a given age appears to be consistent. This observation underscores the importance
of considering both the developmental trajectory and age-related variations when interpreting the dy-
namics of learning effects on reading scores. This analysis is prone to limitations, which are addressed
later.

Moreover, our analysis revealed no statistically significant effect of the considered stimulation and
support measures on the antisocial behavior of a child. In the realm of social relationships, the quest
remains to identify interventions that consistently diminish these scores. Although we observed, on
average, higher scores among males, our ability to elucidate the underlying reasons for this gender-
based difference is constrained by the available data alone.

To comprehensively contextualize these findings within the broader landscape of child development and
propose actionable strategies, further scrutiny of existing research and acknowledgment of established
methodologies are imperative. A more nuanced understanding of the multi factorial nature of antisocial
behavior, including potential gender-specific patterns, will be instrumental in guiding the development
of effective interventions aimed at fostering positive social outcomes for children.

This study is subject to several potential limitations that may impact the robustness of our findings.
Notably, cognitive stimulation and emotional support, integral variables in our analysis, relied on self-
reports from parents. This introduces the possibility of measurement error, and the likelihood of this
error being differential raises concerns. In other words, the accuracy of reporting cognitive stimulation
and emotional support may have varied based on the child’s reading ability. The presence of such
differential measurement error has the potential to introduce bias in our results, making it challenging
to ascertain its specific impact.

A more accurate evaluation of these variables could have been achieved through assessments conducted
by well-trained study staff. The data set’s limitations, including its scope and the potential for substan-
tial unmeasured confounding, further contribute to the complexity of interpreting our findings. The
extent to which these limitations may have influenced our results remains unclear.

Furthermore, it is crucial to recognize that learning is a multifaceted and continuous process requiring
sustained effort and attention over time. While we assessed baseline emotional support and cognitive
stimulation scores, our data set lacks information describing the persistence of these interventions over
time. The absence of statistical evidence leaves room for speculation that a more dynamic monitoring
approach may unveil stronger associations. In a prospective study, considering lagged effects of cognitive
and emotional scores could provide insights into how stimulation and support at a given point in time
influence reading and antisocial scores after six months or a year, for instance.

The developmental trajectory of reading skills significantly shapes a child’s future, empowering them
with the necessary tools for growth and development. Consequently, future studies in this domain are
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vital, especially those focusing on optimal and dynamic treatment strategies to enhance our understand-
ing of these complex associations.
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Tables and Figures

Figure 1: It was possible for a child to be missing at one time point but be present at a later time point
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Table 1: Population summary at each follow up time point

Baseline First Follow Up Second Follow Up Third Follow Up

N 405 387 301 300

Reading Score (SD) 2.52 (0.92) 4.08 (1.08) 5.01 (1.16) 5.77 (1.25)

Antisocial Score (SD) 1.66 (1.66) 2.03 (2.04) 1.83 (1.90) 2.06 (2.15)

Child Age (SD) 6.93 (0.64) 8.93 (0.64) 10.90 (0.63) 12.89 (0.62)

% Male 203 (50.1) 195 (50.4) 157 (52.2) 156 (52.0)

Mom’s Age 25.53 (1.88) 27.55 (1.87) 29.55 (1.85) 31.55 (1.89)

Cognitive Stimulation (SD) 8.89 (2.58) 8.93 (2.54) 8.88 (2.60) 8.95 (2.56)

Emotional Stimulation (SD) 9.20 (2.31) 9.23 (2.31) 9.20 (2.33) 9.19 (2.31)

1 Cognitive and Emotional Stimulation Scores were recorded at baseline and do not vary with time

Table 2: Gaussian GEE Main Effects on Reading Comprehension Score

Model Term Estimate 95% CI P-value Significance
(Intercept) -3.61 (-4.69, -2.54) 0.00 –
Sex Male -0.08 (-0.25, 0.09) 0.34
Cog. Score 0.08 (-0.01, 0.18) 0.08
Emo. Score 0.05 (-0.03, 0.13) 0.24
Age 0.80 (0.67, 0.93) 0.00 –
Follow Up Period 2.03 (1.55, 2.5) 0.00 –
Cog. Score * Follow Up Period 0.01 (0, 0.03) 0.16
Emo. Score * Follow Up Period 0.03 (0.01, 0.05) 0.00 –
Age * Follow Up Period -0.19 (-0.25, -0.12) 0.00 –
Cog. Score * Emo. Score 0.00 (-0.01, 0.01) 0.38
* Terms with ’*’ denote interactions
† Cog. Score = Cognitive Stimulation at Home Score
‡ Emo. Score = Emotional Support at Home Score
§ Terms with ’–’ donete statistically significant predictors
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Figure 2: Estimated Trajectories in Reading Scores Over time

Table 3: Gaussian GEE Main Effects on Antisocial Behavioral Score

Model Term Estimate 95% CI P-value Significance
(Intercept) 0.90 (-1.57, 3.36) 0.48
Sex Male 0.86 (0.58, 1.14) 0.00 –
Age 0.25 (0.02, 0.48) 0.03 –
Cog. Score 0.02 (-0.21, 0.24) 0.89
Emo. Score -0.06 (-0.28, 0.15) 0.58
Follow Up Period 1.07 (0.26, 1.89) 0.01 –
Follow Up Period * Age -0.14 (-0.25, -0.02) 0.02 –
Cog. Score * Emo. Score -0.01 (-0.03, 0.01) 0.36
* Terms with ’*’ denote interactions
† Cog. Score = Cognitive Stimulation at Home Score
‡ Emo. Score = Emotional Support at Home Score
§ Terms with ’–’ donete statistically significant predictors
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Figure 3: Estimated Antisocial Score Trajectories.
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