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Abstract

BACKGROUND—There is evidence to suggest that increasing physical activity (PA) improves
academic achievement (AA) in children and that aerobic fitness is associated with both cognitive
function and AA. However, it is not known how these variables are interrelated and analyses with
adequate control for socioeconomic variables are needed. It was hypothesized that PA would not
directly affect AA but would have an indirect effect on AA through its effect on aerobic fitness.
The purpose of this study was to test this hypothesized mediation using path analysis.
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METHODS—Cross-sectional data including AA, aerobic fitness, and daily PA assessed through
accelerometry were collected from a large sample (N = 687) of 2" and 3™ grade students.
Demographic data were assessed via parent self-report.

RESULTS—A total of 401 students wore the accelerometer for at least 10 hours on 3 days or
more and were included in the final path analysis to evaluate potential relations among PA
(predictor), aerobic fitness (mediator), and WIAT-111 subtest standard scores (outcomes; i.e.,
reading, spelling, and mathematics). Findings showed a direct effect of PA on aerobic fitness (b =
0.009, p < 0.001) and an indirect effect (mediation) of PA via fitness on math achievement (b =
0.003, p < 0.01) after controlling for student’s grade, gender, body mass index, mother’s education
level, and household income, as well as intraclass correlations among classes and schools. Neither
PA nor aerobic fitness were correlated with WIAT-111 reading or spelling scores.

CONCLUSIONS—Mediation analysis indicated that PA exerted an influence on math
achievement through its effects on aerobic fitness but was not associated with reading or spelling
achievement scores.

Keywords

Path analysis; mediation; Weschler Individual Achievement Test-I11; Progressive Aerobic
Cardiovascular Endurance Run

BACKGROUND

Childhood obesity is prevalent in the United States (Ogden, 2010), presenting a major threat
to public health. Childhood obesity has been associated with both physical health problems
(Krebs & Jacobson, 2003) and poorer academic achievement (AA) (Howie & Pate, 2012;
Judge & Jahns, 2007). Increasing physical activity (PA) and aerobic fitness are often
proposed as a way to improve children’s health and AA but there has been some
inconsistency across studies concerning the relation between PA, aerobic fitness, and AA.
This is due in part to measurement and methodological issues (e.g., measuring only PA or
aerobic fitness, lack of adequate control for socioeconomic variables), but the overall pattern
of findings indicates either a positive or null association (Castelli, Hillman, Buck, & Erwin,
2007; Centers for Disease Control and Prevention; Chaddock, Pontifex, Hillman, & Kramer,
2011; Coe, Pivarnik, Womack, Reeves, & Malina, 2006; Davis, 2011; Donnelly et al., 2009;
Dwyer, Sallis, Blizzard, Lazarus, & Dean, 2001). Rarely is a negative association reported
(Ahamed et al., 2007; Centers for Disease Control and Prevention; Sallis et al., 1999;
Tremblay, Inman, & Willms, 2000). Missing from this literature is a clear understanding of
how each indicator (PA and aerobic fitness) operate together and separately to influence
AA.

Active children generally display healthier cardiovascular profiles (Boreham & Riddoch,
2001), and past research has shown that aerobic fitness and PA are moderately correlated in
this population (Pate, Dowda, & Ross, 1990). In a cohort study of 248 children (ages 8-11),
time spent in vigorous PA was correlated with VOypeak, @ measure of aerobic fitness, in both
boys and girls (r = 0.32 and r = 0.30 respectively, both p < 0.05 (Dencker et al., 2006).
However, few studies on the relation of PA, aerobic fitness, and AA have measured both PA
and aerobic fitness. In studies that have, the associations with AA have been evaluated in
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separate models, thereby failing to statistically account for possible collinearity (e.g., shared
variance of PA and aerobic fitness) (Dwyer et al., 2001). Additionally, the relationship
between PA and aerobic fitness suggests mediated effects on AA (Welk & Meredith, 2008).
Specifically, the effect of PA on AA could be transmitted through its effect on aerobic
fitness (Chaddock et al., 2011). Aerobic fitness reflects the capacity of the body to do
physical work (Bray et al., 2009), and can be measured in children using maximal
(American College of Sports Medicine, 2012) and sub-maximal exercise tests such as the
Progressive Aerobic Cardiovascular Endurance Run (PACER) (Leger, Mercier, Gadoury, &
Lambert, 1988; Welk & Meredith, 2008). Aerobic fitness is influenced by hereditary factors
and lifestyle factors, including PA level (Bray et al., 2009). Several studies have
demonstrated that aerobic fitness is associated with better cognitive function and AA
(Chaddock et al., 2011; Hillman, Castelli, & Buck, 2005; Voss et al., 2011; Welk &
Meredith, 2008). Research is needed to better understand the interrelationships between PA,
aerobic fitness, and AA.

The purpose of the present study was to evaluate how both PA and aerobic fitness are
related to AA in a sample of 2" and 37 grade students. Given the limitations in past
research, this study included important controls for socioeconomic variables and separate
measure of PA and aerobic fitness.

METHODS

Participants

Seventeen schools were recruited to participate in the present study, which is part of a larger
investigation of the effects of physically active academic lessons on academic outcomes
(NIH RO1 DK085317). The parents of students in 2"d and 3'd grades received a flyer
describing the study, including exclusion criteria and assessment procedures. Parents of
students interested in participation provided their contact information to the school. Due to a
large response, a random sample of 2"d and 3'd grade students (stratified by grade and
gender) in each school was selected from those who provided parental consent/child assent
to complete the outcome assessments used for this study, including AA, aerobic fitness, and
daily PA. Participants also completed tests of cognitive function, anthropometrics, blood
pressure, and blood chemistry for the larger study. The study was approved by the Human
Subjects Committee at the University of Kansas.

Procedure

All assessments were completed at the respective schools by trained research staff blinded to
study condition. More detail on the training of the staff is provided in the instrumentation
section. Testing for this study was completed over the course of 2 days, with each visit
lasting approximately 1 hour. The accelerometer was issued at one of the visits and collected
at a later date. All of the measures were completed prior to the initiation of the exercise
intervention for the larger study.
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Demographics. Parents completed a demographic questionnaire that assessed the grade, age,
gender, ethnicity, and race of their student, as well as the education level of the mother and
household income.

Academic achievement (AA). AA was assessed using the Weschsler Individual
Achievement Test-Third Edition (WIAT-I1I) (Wechsler, 2009). The WIAT-111 was
individually administered by research staff trained and supervised by a qualified
coinvestigator. Following WIAT 11 score computation guidelines, three scores were
generated for this study, based on five WIAT-I1I subtests (reading comprehension and oral
reading fluency, spelling, and mathematics problem solving and numerical operations):
composite reading (reading comprehension and oral reading fluency subtests), composite
mathematics (mathematics problem solving and numerical operations subtests), and spelling.
The test took approximately 40-50 minutes to complete.

The research staff completed a 3-hour training delivered by the qualified co-investigator,
and followed by several practice administrations and a passing grade on a WIAT scoring
test. The initial tests administered by the research staff were supervised by the qualified co-
investigator and corrective feedback was provided if necessary. The WIAT-I1l was scored
by the examiner and all tests were checked for accuracy by a trained investigator. Any
discrepancy in scores between examiner and the trained investigator was resolved by the
qualified co-investigator. Scores were entered into the WIAT-I1I computerized scoring
assistant, which automatically disallowed out-of-range values and computes subtest and
composite scores.

Aerobic fitness. Aerobic fitness was assessed using PACER (Welk & Meredith, 2008)
which is based on the 20-meter shuttle run (Leger et al., 1988). There is extensive literature
describing the reliability and validity of the 20-meter PACER across several age groups
(Carrel et al., 2012; Leger et al., 1988; Mechelen, Hlobil, & Kemper, 1986; Welk &
Meredith, 2008). The 20-meter PACER is commonly used around the world in children of a
wide age range (age 6 — 19 years) as evidenced by a meta-analysis of 418,026 children in 37
countries (Olds, Tomkinson, Léger, & Cazorla, 2006). Utilizing the 20-meter PACER test
affords a greater ability to compare and contrast to a wider range of studies in this area. The
20-meter PACER will permit monitoring of aerobic fitness changes over the 3-year A
+PAAC study as the children progress to 51 and 6t grade.

To perform the PACER, the student was instructed to run back and forth between 2 lines,
20-meters apart, as the time allowed. The student was paced by a beep recorded on a CD to
indicate when he or she should reach each end of the 20-meter course. The pace began
slowly and progressively increased. The test ended for each student when he or she failed to
traverse the 20-meter distance in the time allotted on 2 occasions. Research staff were
trained by a qualified co-investigator to identify and track when a student failed to traverse
the required distance. Staff were supervised by a co-investigator with extensive experience
administering the PACER. The longer a student continued (i.e., more laps) indicated a
higher level of aerobic capacity. The measure used in the analysis was the total number of
laps completed.
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Daily Physical Activity. The student wore an ActiGraph GT3X+ portable accelerometer
(ActiGraph LLC, Pensacola, FL) on a belt over the non-dominant hip for 4 consecutive days
(including 1 weekend day). Accelerometer data were collected and summarized in 1-minute
epochs with a minimum of 10 hours of wear time constituting a valid monitored day.
ActiGraphs were distributed to each student on Wednesdays and Fridays and returned to the
school following completion of the 4-day monitoring period. The measure for daily PA was
the average ActiGraph counts/min over the 4-day period. Data were analyzed using custom
software that was developed by a co-investigator for the larger trial.

Data Analysis

Four-hundred and one students wore the accelerometer for >3 valid days and were retained
for analysis. Study variables were examined for distributional properties and all were
normally distributed. Correlation analysis examined the bivariate associations between the
variables. This was followed by a series of multi-level structural equation modeling (SEM)
analyses that evaluated the potential mediation relationships among daily PA (activity
counts/min.; predictor), aerobic fitness (PACER laps; mediator), and AA (3 WIAT-III
subtest standard scores; outcomes) accounting for the nested nature of data — i.e., students
(level-1) nested within classes (level-2) nested within schools (level-3). Data included <1%
of missing observations (0-3.5% missing on the variables; see Tables 1 and 2) and all
available data were analyzed in the intentionto-treat approach.

Figure 1 depicts the hypothesized mediation model. Mediation was tested using the SEM
approach that decomposes a total effect on an outcome into direct effects and indirect effects
(Preacher, 2011; Preacher, Zyphur, & Zhang, 2010). In Figure 1, the direct effects include
the paths a, b, and c’, while the indirect effect ab (product of a and b) represents the impact
of the predictor on an outcome through the mediator. Following the conceptual framework
that demonstrates the process primarily occurring at the student level, the higher-level
components of this model estimated only random intercepts of the variables, thereby
accounting for intraclass correlations among classes and schools. Student’s grade, gender,
body mass index (BMI), mother’s education level, and household income were also included
in the model as covariates but they are omitted from Figure 1 for the sake of simplicity.
These covariates were allowed to predict the mediator and outcomes and correlate with each
other. Similarly, the correlations among the outcomes were also estimated but they are not
depicted in this figure.

The model parameters were estimated via the robust maximum likelihood (MLR) estimator
implemented in Mplus 7 (Muthén & Muthén, 1998-2012). The equitability of an indirect
effect between 2"d and 3 grades or between males and females was assessed by Wald chi-
square test in multiple-group maximum likelihood (ML) analyses.! Overall model fit was
evaluated using Root Mean Square Error of Approximation (RMSEA) and Comparative Fit
Index (CFI), which are robust to departure from multivariate normality and insensitive to
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sample size (Hu & Bentler, 1998). Also, relative model fit was examined using Akaike
Information Criterion (AIC) and adjusted Bayesian Information Criterion (aBIC) for model
comparisons in which a subsequent model is not nested in a previous model.

Sample characteristics, including average BMI and the number of students in each grade,
age, gender, ethnicity, race, education level of the mother, and household income, are shown
in Table 1. Descriptive statistics for each of the study variables appear in Table 2. Several
significant correlations between the variables were identified (Table 3).

The hypothesized mediation model provided acceptable model fit (RMSEA = 0.064, CFIl =
0.956). The model results, displayed in Table 4, showed a significant direct effect of PA on
PACER laps (a), a significant direct effect of PACER laps on math achievement (b), and a
significant indirect effect of PA on math achievement via PACER laps (ab). Given the
significant direct effect of PA on math achievement (c’), these findings indicate that the
statistical impact of PA on math achievement was partially mediated by PACER laps - i.e.,
those children who were more physically active had higher levels of aerobic fitness and in
turn, higher aerobic fitness was associated with higher achievement on the math score on the
WIAT-1II. This mediation effect did not differ between males (ab = 0.001) and females (ab
=0.004) (2 = 2.00, p = 0.16), but it was significantly stronger among students in 2"9 grade
(ab = 0.008) compared to those in 3™ grade (ab = 0.001) (2 = 5.89, p < 0.05).

Following recommendations by Strout and Bolger (2002) and a reviewer, we evaluated the
plausibility of the hypothesized mediation model by comparing it to other alternative
models. These models included a mediation model in a different direction (AA — fitness —
PA), a moderation model (the impact of PA on AA is modified by fitness, or vice versa;
interaction between PA and fitness), and a simple regression model without mediation or
moderation. Results indicated that none of these alternative models provided either
acceptable fit (according to RMSEA and CFI) or better fit (according to AIC and aBIC) than
the original mediation model, suggesting that the mediation process tested (PA — fitness —
AA) has been reasonably hypothesized. In addition, although it was not expected
theoretically, the results indicated that the mediator possibly acted as a suppressor; ¢’ was
opposite in sign to ab, which made the total effect (¢’ + ab) become very small
(“inconsistent mediation”; MacKinnon, Krull, & Lockwood, 2000). When fitness was held
constant, higher levels of PA appeared associated with lower math achievement; we also
observed that this reduction was greater at higher fitness levels (see Figure 2).

Among the covariates, mother’s education level was positively associated with reading (p <
0.001), spelling (p < 0.05), and math (p < 0.01) scores, while household income was
positively associated with math achievement (p < 0.05) and aerobic fitness (p < 0.001). BMI
was negatively associated with aerobic fitness (p < 0.001) but not with all 3 AA scales.

DISCUSSION

The results of the multi-level SEM analyses in the present study demonstrated that PA had a
direct (statistical) effect on aerobic fitness, which in turn had a direct effect on math scores.
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The effect of PA on math achievement was partially mediated by aerobic fitness. These
relations were present after controlling for student’s grade, gender, BMI, mother’s education
level, and household income. Neither PA nor aerobic fitness were directly associated with
reading or spelling scores. These findings extend the current knowledge in the literature on
the effects of PA on AA by considering both PA and aerobic fitness simultaneously while
also controlling for several different socioeconomic variables.

Past research indicates that PA and aerobic fitness are generally positively associated with
AA, but it has not evaluated how PA and aerobic fitness together and separately relate to
AA. The results of this study suggest that PA may affect math achievement directly, as well
as indirectly, through aerobic fitness, which is consistent with research on the relation of PA
and aerobic fitness as well as on the relation between aerobic fitness, cognitive function and
AA (Chaddock et al., 2011; Hillman et al., 2005; Welk, 2010; Welk & Meredith, 2008).

The finding that PA and fitness had an impact on math scores but not the other scales on the
WIAT is consistent with previous studies. For example, Davis et al. (2011) conducted a
randomized controlled trial to examine the influence of participating in aerobic exercise on
cognition and AA in elementary school children. This study showed that children who
participated in 40 minutes of exercise per day experienced significant improvements in math
achievement as compared to students in a sedentary control condition after controlling for
race, parent education, and baseline score. In addition, Davis et al. found a trend in the
exercise condition towards differences in brain activity within the prefrontal and parietal
regions, areas which are associated with executive function. Executive function develops
during childhood and is crucial for adaptive behavior and development (Best, Miller, &
Jones, 2009; Eslinger, 1996). Executive function is often related to one’s AA in elementary
school (Blair, 2002; Eigsti et al., 2006). Other research within the cognitive function
literature indicates that children of lower mathematical ability have difficulties performing
tasks that measure components of executive such as the ability to inhibit both prepotent
information (Stroop interference) and learned strategies (Wisconsin Card Sorting Task;
WCST) and maintaining information in working memory (Bull & Scerif, 2001). The same
may not true for other AA tasks such as reading and spelling, as reading is typically only
associated with executive function in cases where cognitive dysfunction or a learning
disability is present (Locascio, Mahone, Eason, & Cutting, 2010). All of the students
included in the present study were typically developing, which may help to explain the lack
of association between aerobic fitness and reading and spelling. Together, these studies as
well as others (Abigail et al.; Chaddock et al., 2011; Voss et al., 2011; Wu et al., 2011)
suggest that participating in aerobic exercise that results in increases in fitness may help to
improve executive function performance and math abilities.

Although it was not of initial theoretical interest, the current findings suggested the
possibility of a suppression process among PA, fitness, and AA. This suppression process
could explain why relation of theoretical interest in this study (i.e., PA — AA) was not
strong (Strout & Bolger, 2002). Thus, given the empirical estimate of ¢’ that was negative
and significantly different from zero, the total effect should be interpreted with caution
(MacKinnon et al., 2000; Shrout & Bolger, 2002). In order to investigate the nature
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(mediation or suppression) of the interrelationships among PA, aerobic fitness, and AA,
future research is needed.

The findings further support efforts to improve AA by increasing levels of aerobic fitness.
PA guidelines for children currently recommend about one hour of PA each day, with most
of this time being spent in moderate to vigorous levels of activity (Biddle, Cavill, & Sallis,
1998; “Physical activity guidelines advisory committee report to the Secretary of Health and
Human Services, 2008,”). Public schools are a promising environment to target PA and
aerobic fitness levels through both classroom-based activity and physical education classes.
In a recent study, Reed et al. (2008) examined the effect of ‘Action Schools! British
Columbia’ (AS! BC) on aerobic fitness measured by PACER. The AS! BC model was
consistent with the concept of ‘active schools’ (Fox, 2004) and was intended to deliver 15
minutes of extra moderate intensity physical daily in the classroom (goal of 75 minutes/
week in addition to two 40-minute PE classes). This resulted in a 20% greater increase in
aerobic fitness of students in the intervention versus students in control schools.
Interestingly, this increase in aerobic fitness had no impact on standardized achievement
tests. In a related study by Reed et al. (2010), PA was integrated into elementary school
curriculum to determine if active lessons had an impact on cognition and AA. When
compared to a control group, the children who received the PA integrated lessons
demonstrated enhanced fluid intelligence and certain academic achievement scores (e.g.
social studies). Findings of the present study suggest that future research examine this
relation further in longitudinal studies and if changes in fitness impact AA, to investigate
how much PA is enough to enhance aerobic fitness and AA across a student population.

Findings from past research on the relation of PA, aerobic fitness, and AA have been
inconsistent due, in part, to a lack of appropriate control variables (Howie & Pate, 2012). In
at least one study, significant associations between PA, aerobic fitness, and AA became non-
significant when SES was included as a control variable (Judge & Jahns, 2007). In addition,
past studies have often included only a single indicator of SES, masking potential
associations. In the present study, students’ grade, gender, BMI, mothers’ education level,
and household income were controlled in the analysis, eliminating one potential source of
confounding effects on the findings. It is also worth noting the different patterns of
associations between mother’s education/household income and PA, aerobic fitness, and
AA. Mother’s education was associated with reading and math achievement and income was
associated with math achievement and aerobic fitness, which suggests that it is important in
future studies to use multiple indicators of SES as controls.

The cross-sectional design of this study precludes causal conclusions about whether PA or
aerobic fitness has an independent effect on AA. Further, there is limited validity evidence
available for the 20-meter PACER in 7-8 year old children. The potential for confounding
by motivation to perform or other residual confounding is present. Further, the lack of
significant correlations between PA and AA could reflect a “delayed effect”— because
measured concurrently with aerobic fitness, recent PA levels may not have yet had an effect
on aerobic fitness, and subsequently on AA. Future longitudinal studies and interventions
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should be conducted to better determine how changes in PA and aerobic fitness influence
AA in children.

Despite the rapidly growing body of research surrounding the importance of PA and aerobic
fitness for cognitive function, academic and general well-being in children, budget cuts in
education as well as a demand for increasing instructional time and standardized test scores
have resulted in decreases in physical education and other non-core academic courses. This
means that PA must be obtained at other times during the day to elicit improvements in
aerobic fitness (Center on Education Policy, 2008). Alternatively, PA interventions applied
during academic lessons have been shown to increase overall PA and attenuate increases in
body mass and are also associated with improvements in AA scores (Donnelly et al., 2009;
Donnelly & Lambourne, 2011). Further, many studies show that PA breaks in classroom
instruction resulted in positive changes in classroom behavior, concentration, and math
solving performance (Ahamed et al., 2007; Lowden, Powney, Davidson, & James, 2001;
Maeda, 2003; Molloy, 1989; Norlander, Moas, & Archer, 2004).Therefore, using physically
active academic lessons and providing activity breaks to children may be important avenues
to improve aerobic fitness and enhance AA.
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Figure 1.
Hypothesized Mediation Relationships

Note. The circles with a double-headed arrow represent the residual variances of variables.
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Figure 2.
Effects of Activity Counts/minute on Math Achievement Conditional on PACER Laps

Note. The solid line represents the impact of activity counts/min on mathematics
achievement at different values of PACER laps. The dotted lines represent 95% bias-
corrected confidence intervals derived from 5,000 bootstrap samples. These regression
coefficients were estimated from a single-level regression model that accounts for student’s
grade, gender, BMI, mother’s education level, and household income.
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Sample Characteristics

Variable N (M) % (SD)
Grade
Grade 2 200  49.9%
Grade 3 201 50.1%
Age 7.57 .58
6 yrs. 2 5%
7yrs. 184  45.9%
8 yrs. 200  49.9%
9yrs. 15 3.7%
Gender
Male 185 46.1%
Female 216 53.9%
Ethnicity
Not Hispanic/Latino 346 86.3%
Hispanic/Latino 36 9.0%
Unknown 10 2.5%
Refused/missing 9 2.2%
Race
White 335 83.5%
Black/African American 11 2.7%
Native Hawaiian/Pacific Islander 0 .0%
Asian 7 1.7%
American Indian/Alaska Native 5 1.2%
Two or more races 39 9.7%
Unknown 1 2%
Refused/missing 3 1%
Education (mother)
Less than high school 4 1.0%
Some high school 14 3.5%
Completed high school 41 10.2%
Some college/Associate's degree 127 31.7%
Bachelor's degree 134 33.4%
Advanced degree 79 19.7%
Refused/missing 2 5%
Household income
<$10,000 20 5.0%
$10,000-$20,000 18 4.5%
$21,000-$30,00 38 9.5%
$31,000-$30,00 30 7.5%
$41,000-$30,00 40 10.0%
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Variable N (M) % (SD)
$51,000-$30,00 29 7.2%
$61,000-$30,00 30 7.5%
$71,000-$30,00 37 9.2%
$81,000-$30,00 25 6.2%
$91,000-$30,00 35 8.7%
>$100,000 85 21.2%
Refused/missing 14 3.5%

BMI 17.43 3.01
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Task Descriptive Characteristics

Variable N M SD
PACER laps 400 16.63 8.66
Activity counts/min. 401  560.87 181.84
Reading 394 102.50 13.87
Spell 398 101.33 11.67
Math 398 105.01 12.19

Note. WIAT-III scores are normed with M = 100 and SD = 15
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Table 4

Direct and Indirect Effect Estimates and Intraclass Correlation Estimates

a b c ab
0.009"
Reading 0.071 -0.007 0.001
Spelling 0.093 -0.002 0.001
Math 0325""  -0.007" 0.003"
ICC, ICC,
PACER laps 0.007 0.042
Activity counts/min. 0.031 0.060
Reading 0.076 0.027
Spelling 0.049 0.053
Math 0.067 0.029

Page 19

Note. a = direct effect of activity counts/min. (predictor) on PACER laps (mediator); b = direct effect of PACER laps on an outcome; ¢’ = direct

effect of activity counts/min. on an outcome; ab = indirect effect of activity counts/min. on an outcome via PACER laps. ICC2 = intraclass

correlation at the class level; ICC3 = intraclass correlation at the school level.

*

*

p < 0.05,

p<0.01.
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