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Abstract

Introduction

A growing body of literature reveals the causal pathways between physical activity and
brain function, indicating that increasing physical activity among children could improve
rather than undermine their scholastic performance. However, past studies of physical ac-
tivity and scholastic performance among students often relied on parent-reported grade in-
formation, and did not explore whether the association varied among different levels of
scholastic performance. Our study among fifth-grade students in Shanghai sought to deter-
mine the association between regular physical activity and teacher-reported academic per-
formance scores (APS), with special attention to the differential associational patterns
across different strata of scholastic performance.

Method

A total of 2,225 students were chosen through a stratified random sampling, and a complete
sample of 1470 observations were used for analysis. We used a quantile regression analy-
sis to explore whether the association between physical activity and teacher-reported APS
differs by distribution of APS.

Results

Minimal-intensity physical activity such as walking was positively associated with academic
performance scores (8 = 0.13, SE = 0.04). The magnitude of the association tends to be
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larger at the lower end of the APS distribution (3 = 0.24, SE = 0.08) than in the higher end of
the distribution (8 = 0.00, SE = 0.07).

Conclusion

Based upon teacher-reported student academic performance, there is no evidence that
spending time on frequent physical activity would undermine student’s APS. Those stu-
dents who are below the average in their academic performance could be worse off in aca-
demic performance if they give up minimal-intensity physical activity. Therefore, cutting
physical activity time in schools could hurt the scholastic performance among those stu-
dents who were already at higher risk for dropping out due to inadequate APS.

Introduction

The resource allocation between children’s academic learning and their physical activity has
been believed by many to be a zero-sum game [1]. However, a lot of evidence has been pub-
lished to prove that spending time on physical activity would not necessarily undermine chil-
dren’s academic achievements. A systematic review of free school physical activity concluded
that free school physical activity was positively associated with better academic outcomes, sug-
gesting physical activity may enhance scholastic performance [2]. A randomized experimental
study conducted among sixth-grade students in the US found that students who performed
vigorous activity had significantly higher grades, and moderate physical activity did not affect
grades [3].For the younger population, Drollette et al [4] found that preadolescent children’s
participation in a single bout of structured physical activities lasting at least 20 minutes is bene-
ficial for various cognitive functions, including aspects of concentration, reading and mathe-
matics achievement, and inhibitory control. As an interpretation for this consistent link
between exercise and brain function, it is hypothesized physical exercise could up-regulate neu-
rotrophins and induce neuronal growth [5].Evidence from neuroscience proves the point: in-
creases in cardiovascular fitness results in increased functioning of the brain’s attentional
network [6]; exercise training has been shown to increase the size of hippocampus and im-
proves memory [7].Among physically-disabled youth, physical activity may increase baseline
neuronal activity, and help improve brain health [8].

Not all studies of this topic have shown a positive association between physical activity and
enhanced academic performance. Some studies found non-significant or negative associations
between physical activity programs in schools and several aspects of academic achievement
(such as math scores and language scores) [9-11]. Moreover, home environment, health status,
and school-specific factors may potentially confound the observed positive relationships. For
instance, family socioeconomic status simultaneously affects child pre-academic skills, self-reg-
ulation, math skills, and health behaviors such as leisure-time physical activities [12-13]. Stu-
dents with health problems may be less likely to participate in physical activity [14] and their
health problems may interfere with academic achievement as well [15]. Additionally, the ob-
served positive association may depend largely on the particular school environment. School
engagement, which includes teacher support and teacher-parent communication, were impor-
tant determinants of student’s academic performance [16], and such school-level factors also
influenced frequency of students’ physical activity [17]. Furthermore, it is not clear in the liter-
ature whether the positive relationship between physical activity and academic performance
varies by intensity of exercise or differs by distribution of academic performance scores. Finally,
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the fact that many such studies use parent-reported or students’ self-reported information
about the student scholastic performance casts doubt upon the reliability of the scholastic per-
formance measure, and thus could compromise the policy implication of the significant associ-
ations they identified.

This study is partly driven by China’s recent decline in physical fitness including vital capac-
ity, speed, strength, and endurance from 1985 to 2005 among school-age children [18-19].
Along with this trend, prevalence of overweight and obesity among school children in China’s
large cities was increasing rapidly [20]. To address these issues, the Chinese government has
taken measures to improve physical education in schools. In 2010, Ministry of Education man-
dated physical education in schools to improve the physical health of the students. The Minis-
try regulated the frequency of physical education classes and duration of in-class and after-
class physical activities [21]. However, China’s current education system strongly prioritizes
student’s academic performance [22]. As physical education is not a primary requirement for
China’s college admission competition, it has been given a low priority among China’s school
principals [23]. Consequently, physical education classes often gave way to other classes, and
exercise time in- and after-school is often filled with extracurricular studying activities [24].

In this study, we use teacher-reported scholastic performance information of students to ex-
plore the association between the frequency of physical activity and academic performance
among fifth-grade students. We attempt to fill a research gap by exploring whether this associa-
tion differs by intensity of physical activity and varies across students with different strata of ac-
ademic performance. Given our more objective measure of students’ academic performance
and more in-depth analysis of the data, this study is likely to contribute new insights for those
who wonder how much of the child” time should be given to physical activity. For school prin-
cipals and school district policy makers, our findings would be helpful in planning school poli-
cies on students’ time allocation between physical activity and academics.

Methods
Study Population

This was a cross-sectional study with all data collected in 2009. Institutional Review Board ap-
proval for this study was obtained from the Shanghai Children’s Medical Center. The study
was conducted in public schools in Shanghai, China. The study sample was obtained using
stratified random sampling technique. The city of Shanghai was stratified into 18 administra-
tive units including urban districts and suburban regions, 10 administrative units were desig-
nated as primary sampling units (PSUs). In each PSU, one public school was selected. We
conducted interviews using a structured questionnaire with all fifth-graders in those 10 public
schools and with one of their parents. Informed consent was obtained from the interviewees.
Fifth-graders were chosen because they were about to take an entrance examination to enter a
middle school, and we assumed they would be highly motivated to improve their academic per-
formance. Data on students’ academic performance was obtained separately from their class
head teachers. The average class size was 40 students per classroom in those public schools.
Ninety-eight percent of the participants completed the questionnaire, resulting in a total sam-
ple size of 2,225 respondents.

Variable Measurement

The International Physical Activity Questionnaire (IPAQ) (Chinese version) was used to mea-
sure students’ weekly physical activity (PA) levels [25]. Each student was asked: “Within the
last 7 days, about how many days did you participate in vigorous/moderate/minimal (i.e. walk-
ing) physical activities that last for at least 10 minutes?” Among those whose answers were
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greater than “0” days to the above question, students were further asked “On those days when
you participated in physical activities, about how many minutes did you spend on vigorous/
moderate/minimal (i.e. walking) physical activities each day?” A baseline assessment by the re-
search team showed that measures on the second question—minutes of physical activities per
day were of poor quality. 33.62% of the students did not answer the latter question or could not
remember the number of minutes of physical activity during the past 7 days. Thus, we only
chose the measures of the frequencies of PA (days/week) as primary predictors.

The outcome variable in this analysis was academic performance scores (APS). The ques-
tionnaire was developed based on the Oliviero Bruni’s Teacher school achievement form [26].
It was composed of six items covering different aspects related to school achievements such as
reading ability, reading comprehension, mathematics, executive ability, interest and attention.
We assessed components of students’ listening and speaking skills, reading skills, writing skills,
mathematical calculation and mathematical logical reasoning evaluated by their head teachers,
who had supervised the student for more than one year. Each component was measured by a
5-point rating scale, with higher scores indicating better performances. Reliability of the ques-
tionnaire was tested in another paper using a pilot sample, where the overall Cronbach o coeffi-
cient for this questionnaire was 0.962, and the Cronbach o. for each dimension used in this
study ranges from 0.905 to 0.961, indicating good reliability [27]. Scores on each of those com-
ponents were summed and used as the outcome measure.

Adjustments were made for a series of potentially confounding factors in the regression
analysis: student’s demographic characteristics, parents’ socioeconomic status, time spent on
other activities and health conditions. Demographic characteristics included the student’s age
and gender. Information on parents’ socioeconomic status was obtained from the parents’
questionnaire, which included measures of household income per capita, family structure and
parents’ educational attainment. Income per capita in the household was a categorical variable
with income less than ¥1500 ($245) per month as the reference group. Another two groups
were income ranges from ¥1500- ¥2500 ($245 -$408) and income greater than ¥2500 ($408)
per month, with reference to Shanghai Bureau of Statistics on the categories of lower-middle,
middle and higher-middle families defined by monthly disposable income per capita in 2009
[28]. Family structure was categorized into nuclear family (the child living with both parents:
the reference group), single-parent family (the child living with a single parent) and extended
family (the child living with both parents and grandparents). Parents’ educational attainment
was measured by the father and the mother’s education levels, categorized into less than high
school (the reference group), finished high school and attended college or above.

In addition, there is a trade-off between time spent on PA and on other activities that are re-
lated to academic performances. Those activities may include doing homework and participat-
ing in extra-curricular activities. We included both variables in this study. The students were
asked, “How many hours did you spend on doing homework every day?” The variable was
then categorized into four groups with “less than 1 hour” as the reference group, and “1-27,
“2-3” and “>3” hours as the other groups. The students were also queried about whether they
attended extra-curricular activities. Those who answered “No” were in the “0” (reference)
group, and those with the “Yes” answers were in the “1” group.

Students” health status may be associated with frequency of PA as well as cognitive out-
comes. We thus further controlled for students’ weight status, whether or not the student
suffered from allergic rhinitis or asthma. With the exception of students’ weight, all the infor-
mation was collected from the parent’s questionnaire. Height and weight were measured with
the subjects wearing light clothes and no shoes. Height was measured to the nearest 0.1 cm
with a stadiometer (RGY-140 stadiometer, Shanghai BaoShan Weighter Factory). Weight was
measured to the nearest 0.1 kg with a weighing scale (Type RGT-140-RT Body Weight Balance,
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WuXi Weigher Factory Co. Ltd.). All assessments were performed twice, and their average was
used in the analyses. BMI was calculated as weight (kg)/height squared (m?).We defined obesi-
ty status using P(95) as the cut-off point based upon the BMI-for-age percentiles for Chinese
children and adolescents established by the group of China Obesity Task Force [29].

School-level factors may also confound the association of interest. However, the study did
not focus on identifying any specific school-level factor. School-level factors were treated as
fixed effects in our analysis.

Data Analysis

Ordinary least squares (OLS) regressions were performed to examine the cross-sectional asso-
ciation between PA and APS, adjusting the aforementioned confounders including student’s
age and gender, family income per capita, parents’ education, time spent on other activities and
their health conditions [12-17]. Students’ APS was regressed separately on frequencies of dif-
ferent levels of PA including vigorous-intensity physical activity (VIPA), moderate-intensity
physical activity (MoIPA) and minimal-intensity physical activity (MiIPA). School effects were
added into the regression to account for omitted-variable bias at the school-level. To determine
if a fixed effects model is preferred to a random effects model, we conducted a Hausman-Wu
test to compare the school fixed effects with random effects regression. The Hausman-Wu test
showed that we should reject the null hypothesis that the random-effects estimates were consis-
tent with the fixed-effects estimates (P<0.001). We then proceeded to use the linear regression
with school fixed effects. To explore how PA was associated with the distribution of APS, we
applied a quantile regression analysis with school effects included. Quantile regression is an ex-
tension to OLS regression. But differs from the classical OLS regression, which is a conditional
mean function that describes how the mean of dependent variable changes with respect to a
vector of covariates, and also assumes the error has the same distribution for all values of the
covariates (i.e. homoscedasticity), quantile regression aims at estimating either the conditional
median or other quantiles of the outcome variable, which offers a complete view of the effect of
the covariates on the distribution of the dependent variable [30]. One hundred bootstrap repli-
cations were performed in the quantile equations to compute the standard errors (SE) of the
estimators. Post-estimation tests were performed and results were plotted to check the equiva-
lences of coefficients at various quantiles. Statistical significant tests were performed at oo = 0.05
level. All analyses were conducted in STATA/SE 12 (StataCorp LP, College Station, Texas,
USA).

Results

Characteristics of the sample were depicted in Table 1. The mean APS for the study sample
was 17.94, whereas the 25" percentile was 15, the median was 18, and the 75 percentile was
20. The average frequency of PA was 2.25 days per week for VIPA, 3.09 days per week for
MoIPA, and 5.23 days per week for MiIPA. Demographic information included: the students
were 10.33 years old on average; 49.44% (N = 1052) were boys; 19.78% (N = 416) had house-
hold income per capita less than ¥1500 per month; 5.42% (N = 115) lived in a single-parent
family; 24.80% (N = 524) of their mothers and 19.98% (N = 422) of their fathers had not com-
pleted high school; 67.62% (N = 1443) of the students attended extracurricular activities;
11.40% (N = 244) spent more than three hours on homework each day. Health status included:
11.18% (N = 194) were obese, 15.49% (N = 330) had chronic allergic rhinitis and 4.36% (N =
93) had asthma. Except for weight status, all variables contained less than 6% missing values.
Weight status was missing for 22.02% of the sample. To test if it was missing completely at ran-
dom, we created a dummy variable to indicate whether the weight measure was missing, and
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Table 1. Descriptive Statistics of the Study Sample (Year = 2009).

Variables All
Mean(SD)/Frequency(%)

N 2225
Academic Performance Scores 17.94(4.13)
Primary Regressors of Interest

VIPA 2.25 (2.16)
MolPA 3.09 (2.37)
MilPA 5.23 (2.43)
Demographic and Socioeconomic Characteristics
Age 10.33 (0.61)
Gender

Boys 1052(49.44%)
Girls 1076(50.56%)
Household Income Per Capita Per Month

<¥1500 416 (19.78%)
¥1500-2500 516 (24.54%)
>¥2500 1171(55.68%)

Family Structure

Single-parent

Nuclear family

Extended family

Mother’s educational attainment
Less than high school

High school

College and above

Father’s educational attainment
Less than high school

High school

College and above

Time spent on other activities
Attend Extracurricular Activities?
Yes

No

115 (5.42%)
1272(59.97%)
734 (34.61%)

524 (24.80%)
592 (28.02%)
997 (47.18%)

422 (19.98%)
645 (30.54%)
1045(49.48%)

1443(67.62%)
691 (32.38%)

Average Time Spent on Homework Per Day

< 1 hour

1-2 hours

2-3 hours

> 3 hours

Health Status

Weight Status

Obese

Not Obese

Having Chronic Allergic Rhinitis?
Yes

188 (8.79%)

947 (44.25%)
761 (35.56%)
244 (11.40%)

194 (11.18%)
1541(88.82%)

330 (15.49%)

10" quant.

674
13.15 (2.45)

2.34 (2.12)
2.80 (2.42)
4.87 (2.64)

10.33(0.89)

357 (55.61%)
285 (44.39%)

155 (24.56%)
164 (25.99%)
312 (49.45%)

47 (7.34%)
386 (60.31%)
207 (32.34%)

203 (31.92%)
223 (35.06%)
210 (33.02%)

166 (26.06%)
225 (35.32%)
246 (38.62%)

364 (57.23%)
272 (42.77%)

28 (4.33%)

211 (32.61%)
291 (44.98%)
117 (18.08%)

72 (13.38%)
466 (86.62%)

95 (14.87%)

25" quant.

439
17.10 (0.83)

2.07 (2.20)
3.24 (2.27)
5.30 (2.43)

10.32 (0.39)

216 (51.67%)
202 (48.33%)

83 (19.90%)
110 (26.38%)
224 (53.72%)

28 (6.71%)
241 (57.79%)
148 (35.49%)

107 (25.72%)
123 (29.57%)
186 (44.71%)

95 (22.89%)
131 (31.57%)
189 (45.54%)

276 (64.64%)
151 (35.36%)

33 (7.80%)
191 (45.15%)
147 (34.75%)
52 (12.29%)

32 (9.30%)
312 (90.70%)

64 (15.02%)

Quantiles

Median

538
19.71 (0.45)

2.02 (2.08)
3.07 (2.32)
5.45 (2.28)

10.34 (0.54)

231 (44.94%)
283 (55.06%)

98 (19.33%)
121 (23.87%)
288 (56.80%)

17 (3.32%)
307 (59.96%)
188 (36.72%)

124 (24.36%)
123 (24.17%)
262 (51.47%)

96 (18.75%)
158 (30.86%)
258 (50.39%)

367 (71.26%)
148 (28.74%)

47 (9.16%)
258 (50.29%)
172 (33.53%)
36 (7.02%)

52 (12.47%)
365 (87.53%)

69 (13.45%)

75™ quant.

347
2219 (1.11)

2.64 (2.28)
3.67 (2.38)
5.47 (2.24)

10.31 (0.37)

159 (47.46%)
176 (52.54%)

43 (12.99%)
64 (19.34%)
224 (67.67%)

11 (3.28%)
212 (63.28%)
112 (33.43%)

48 (14.37%)
74 (22.16%)
212 (63.47%)

37 (11.11%)
75 (22.52%)
221 (66.37%)

268 (79.29%)
70 (20.71%)

52 (15.38%)
163 (48.22%)
96 (28.40%)
27 (7.99%)

22 (8.49%)
237 (91.51%)

71 (21.19%)

90" quant.

227
25 (0.00)

2.28 (2.13)
2.86 (2.35)
5.31 (2.27)

10.37 (0.39)

89 (40.64%)
130 (59.36%)

37 (17.05%)
57 (26.27%)
123 (56.68%)

12 (5.53%)
126 (58.06%)
79 (36.41%)

42 (19.27%)
49 (22.48%)
127 (58.26%)

28 (13.02%)
56 (26.05%)
131 (60.93%)

168 (77.06%)
50 (22.94%)

28 (12.79%)
124 (56.62%)
55 (25.11%)
12 (5.48%)

16 (9.04%)
161 (90.96%)

31 (14.22%)
(Continued)
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Table 1. (Continued)

Variables All Quantiles

Mean(SD)/Frequency(%) 10" quant. 25" quant. Median 75™ quant. 90" quant.
No 1801(84.51%) 544 (85.13%) 362 (84.98%) 444 (86.55%) 264 (78.81%) 187 (85.78%)
Having Asthma?

Yes 93 (4.36%) 27 (4.21%) 13 (3.07%) 19 (3.69%) 18 (5.39%) 16 (7.31%)
No 2041(95.64%) 615 (95.79%) 411 (96.93%) 496 (96.31%) 316 (94.61%) 203 (92.69%)

Note: Missing values for Academic performance scores were 60 (percent of missing = 2.70%), for age were 74 (percent of missing = 3.33%), for gender
were 97 (percent of missing = 4.36%), for household income were 122 (percent of missing = 5.48%), for family structure were 104 (percent of missing =
4.67%), for mother’s education were 112 (percent of missing = 5.03%), for father’s education were 113 (percent of missing = 5.08%), for attending
extracurricular activities were 91 (percent of missing = 4.09%), for average time spent on homework were 85 (percent of missing = 3.82%), for weight
status were 490 (percent of missing = 22.02%), for rhinitis were 94 (percent of missing = 4.22%) and for asthma were 91 (4.09%).

doi:10.1371/journal.pone.0115483.t001

ran a cross-table check about the correlation between the indicator variable and the other vari-
ables. We detected no significant results from the correlation tests. Finally, a complete sample
of 1470 observations was used for analysis.

Tables 2-4 presented the results of linear regression, linear regression without school effects,
and quantile regression with school fixed effects. The estimated standard errors were presented
in parentheses. In the OLS regressions without school effects, VIPA was found to be negatively
and significantly associated with APS (B = -0.22, SE = 0.05), whereas MoIPA had no significant
association ( = 0.02, SE = 0.04). MiIPA had a significant positive association with APS (B =
0.12, SE = 0.04), when adjusted for demographic, family socioeconomic status, health status,
and time spent on other activities. But the significant association between VIPA and APS dis-
appeared after controlling for school fixed effects (B = -0.02, SE = 0.05). The other two associa-
tions did not change significantly when we included school fixed effects. Besides frequency of
physical activities, time spent on homework was negatively associated with students’ academic
performance, whereas attending extracurricular activities was positively associated with APS.
We were particularly interested in the results found when we investigated the heterogeneous
association with different parts of the conditional APS distribution in the quantile regressions.
MoIPA and MilIPA played a different role in students’ APS quantiles. We found the magnitude
of the estimates decreased monotonically from a lower quantile to a higher quantile of APS.
There was a statistically significant and positive association between MoIPA and APS and be-
tween MiIPA and APS if the students were in the lower half of the APS distribution (10% and
25%), while this was not the case any more for students who belonged to the top 50% of APS
distribution in our sample (50%, 75% and 90%). In particular, the quantile regression coeffi-
cient of MoIPA at the 25™ percentile of academic performance suggested that every one day in-
crease in moderate physical activity per week was associated with a 0.15 point or 0.6% ((0.15/
25)*100 = 0.6) increase in APS, after controlling for all other factors in the model. The quantile
regression coefficient of MiIPA showed that at the 10™ and 25™ percentiles of APS, a one-day
increase in walking for at least 10 minutes per week, predicted an increase in the academic
scores by 0.24 points (1.0%) and 0.17points (0.7%) respectively, holding all else constant in the
model. A post-estimation test suggested that the coefficients of VIPA were not significantly dif-
ferent across different quantiles of the APS (F = 1.42, P = 0.22). However, for MoIPA, the coef-
ficient at the 25 percentile of APS was significantly different from that at the 90™ percentile
(F=6.31, P =0.01). And for MiIPA, the coefficients at the 10" and 25" percentile were differ-
ent from that at the 90" percentile (F = 7.02, P = 0.01 and F = 4.41, P = 0.04).
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Table 2. Regression Results of the Relation between Frequency of Vigorous-Intensity Physical Activity (VIPA, days/week) and Distribution of

Academic Performance Scores (N = 1470, Year = 2009).

OLS Regression

Without School With School 10'™" quant.
Effects Effects
B(SE) B(SE) B(SE)
VIPA -0.22*** (0.05) -0.02 (0.05) -0.11 (0.10)
Age 0.10 (0.15) 0.07 (0.14) -0.02 (0.55)
Demographic and Socioeconomic Characteristics
Gender (Reference—Male)
Female 0.67*** (0.21) 0.76*** (0.19) 0.61 (0.36)
Household Income Per Capita Per Month (Reference—>¥2500)
<¥1500 0.09 (0.31) -0.55 (0.30) -0.43 (0.51)
¥1500-2500 0.36 (0.27) 0.02 (0.26) 0.17 (0.42)
Family Structure (Reference—Nuclear family)
Single-parent -0.36 (0.47) -0.54 (0.45) -0.56 (0.71)
Extended family ~ 0.05 (0.22) -0.03 (0.21) -0.32 (0.40)

Mother's Educational Attainment (Reference—Less than high school)

High school -0.20 (0.32) 0.31 (0.31) 0.35 (0.81)
College &above  1.02** (0.36) 1.47%** (0.36) 1.99* (0.90)
Father's Educational Attainment (Reference—Less than high school)

High school 0.34 (0.33) 0.60 (0.32) 0.80 (0.80)
College &above  0.90* (0.38) 1.62%*** (0.38) 0.88 (0.93)
Time spent on other activities

Attend Extracurricular Activities? (Reference—No)

Yes 0.99%** (0.23) 1.20%** (0.22) 1.40%* (0.44)
Average Time Spent on Homework Per Day (Reference—< 1 hour)

1-2 hours -0.90* (0.39) -0.96** (0.37) -1.46 (0.86)

2-3 hours -2.15%** (0.39) -2.43%** (0.38) -3.62%**
(0.88)

> 3 hours -3.16%** (0.47) -3.60%** (0.45) -4.48%**
(1.14)

Health Status

Weight Status (Reference—Not obese)

Obese -0.67* (0.32) -0.49 (0.30) -1.08 (0.69)

Having Chronic Allergic Rhinitis? (Reference—No)

Yes 0.32 (0.29) 0.54 (0.28) 0.45 (0.56)

Having Asthma? (Reference—No)

Yes -0.25 (0.53) 0.01 (0.50) -1.23 (1.47)

Intercept 17.01*** (1.60) 14.08*** (1.56) 10.89 (5.90)

R? 0.14 0.24

0.10 Pseudo R? 0.16

0.25 Pseudo R?
0.50 Pseudo R?
0.75 Pseudo R?
0.90 Pseudo R?

1. Bootstrapped standard errors with 100 replications.
* P<0.05

**P<0.01

**¥P<0.001

doi:10.1371/journal.pone.0115483.t002

Quantile Regression with School Effects’

25" quant. Median 75™ quant.
B(SE) B(SE) B(SE)
008(0.08)  -0.09(0.08)  0.07 (0.06)
0.13 (0.40) 0.24 (0.39) 0.38 (0.41)
0.42 (0.32) 0.47 (0.28) 0.76%* (0.24)
039 (0.49)  -0.84* (0.35)  -0.72(0.37)
007(032)  -0.01(0.30)  -0.08(0.30)
092 (0.65)  -0.84(0.64)  -0.49 (0.86)
015(0.32)  -0.08(023)  0.16(0.22)
0.20 (0.51) 004 (042)  0.31(0.32)

1.68%* (0.54)  1.12%* (0.42)  1.12%* (0.39)
0.88 (0.51)

1.67** (0.54)

0.60 (0.35)
1.66*** (0.44)

0.66* (0.32)
2.07%%* (0.44)

0.92% (0.37)  1.35%** (0.28) 1.30*** (0.28)
-0.88 (0.49) -1.04% (0.43)  -1.02* (0.39)
2.90%** 2.42% %% 2.31%%*
(0.52) (0.44) (0.42)
-4.32%%% -4.06%** -3.02%%*
(0.67) (0.66) (0.64)

-0.18 (0.55) -0.22 (0.41) -0.46 (0.31)
0.38 (0.43) 0.09 (0.39) 0.80% (0.36)
-0.74 (1.14) 0.46 (0.60) 0.70 (0.65)

11.76%* (4.39) 13.40** (4.23) 12.97** (4.44)

0.11
0.15
0.13

90" quant.
B(SE)

0.04 (-0.11)
0.53 (-0.02)

1.05%%(0.61)

-1.30 (-0.43)
-0.07 (0.17)

-0.06 (-0.56)
-0.17 (-0.32)

0.93 (0.35)
1.33* (1.99)

0.01 (0.80)
1.59* (0.88)
1.57%%% (1.40)

-0.66 (-1.46)
-1.57%* (-3.62)

-2.74%%%
(-4.48)

-0.63 (-1.08)
0.84* (0.45)

0.66 (-1.23)
12.77* (10.89)

0.13
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Table 3. Regression Results of the Relation between Frequency of Moderate-Intensity Physical Activity (MolPA, days/week) and Distribution of

Academic Performance Scores (N = 1470, Year = 2009).
OLS Regression
Without School Effects With School Effects

B(SE) B(SE)
MolPA 0.02 (0.04) 0.06 (0.04)
Age 0.07 (0.15) 0.06 (0.14)

Demographic and Socioeconomic Characteristics

Gender (Reference—Male)

Female 0.73*** (0.21) 0.76***(0.19)
Household Income Per Capita Per Month (Reference—>¥2500)

¥<1500 0.22 (0.31) -0.54 (0.30)
¥1500-2500 0.42 (0.27) 0.01 (0.26)
Family Structure (Reference—Nuclear family)

Single-parent -0.38 (0.48) -0.56 (0.45)
Extended family  0.05 (0.22) -0.03 (0.21)

10" quant.
B(SE)

0.14 (0.08)
-0.07 (0.48)

0.75 (0.40)

-0.43 (0.63)
0.37 (0.50)

-0.32 (0.68)
-0.06 (0.42)

Mother's Educational Attainment (Reference—Less than high school)

High school -0.26 (0.32)
College & above 0.90* (0.37)

0.31 (0.31)
1.46%%*(0.36)

0.01 (0.68)
1.70* (0.79)

Father's Educational Attainment (Reference—Less than high school)

High school 0.30 (0.33)
College & above 0.73 (0.38)
Time spent on other activities
Attend Extracurricular Activities? (Reference—No)

Yes 0.95*** (0.23) 1.20%%**(0.22)

0.60 (0.32)
1.61%%*(0.38)

0.94 (0.65)
0.98 (0.79)

1.25% (0.50)

Average Time Spent on Homework Per Day (Reference—< 1 hour)

1-2 hours -0.92* (0.39) -0.96**(0.37)
2-3 hours -2.09%*%(0.40) -2.42%%%(0.38)
> 3 hours -3.04%%%(0.47) -3.57*%%(0.45)
Health Status

Weight Status (Reference—Not obese)

Obese -0.67* (0.32) -0.48 (0.30)
Having Chronic Allergic Rhinitis? (Reference—No)

Yes 0.18 (0.30) 0.52 (0.28)
Having Asthma? (Reference—No)

Yes -0.25 (0.53) -0.01 (0.50)
Intercept 16.87***(1.61) 13.79 (1.55)
R? 0.13 0.24

0.10 Pseudo R?
0.25 Pseudo R?
0.50 Pseudo R?
0.75 Pseudo R?
0.90 Pseudo R?

1. Bootstrapped standard errors with 100 replications.
* P<0.05

**P<0.01

***P<0.001

doi:10.1371/journal.pone.0115483.t003

-1.26 (0.93)
-3.35%*%(0.94)
-4.25%%%(1.16)
-0.90 (0.53)

0.55 (0.58)

-1.22 (1.00)
10.14 (5.32)

0.16

Quantile Regression with School Effects’

25" quant.
B(SE)

0.15* (0.07)
0.05 (0.36)

0.48 (0.31)

-0.32 (0.51)
-0.04 (0.35)

-0.89 (0.55)
-0.24 (0.32)

0.26 (0.40)
1.62%%*(0.45)

0.76 (0.43)
1.44%* (0.49)
0.83* (0.38)
-1.12% (0.46)
-2.90%**(0.55)
-4.26%%%(0.51)
-0.15 (0.47)
0.24 (0.36)
-0.64 (0.86)

12.03** (3.91)

0.12

Median 75™ quant.
B(SE) B(SE)

0.03 (0.06) 0.03 (0.06)
0.17 (0.38) 0.46 (0.41)
0.50 (0.27) 0.71%*(0.21)
-0.85 (0.41)  -0.80* (0.35)
0.02(0.32)  -0.09 (0.32)
-0.73(0.57)  -0.43(0.85)
-0.07 (0.28)  0.24 (0.23)
0.15 (0.40) 0.30 (0.34)

1.42%% (0.46)  1.01** (0.38)

0.55 (0.37)
1.66** (0.53)

0.62 (0.34)
2.14%%%(0.47)

1.24%*%¥(0.27)  1.27*%%(0.30)

-0.88 (0.46)  -1.08**(0.38)
D2T**X(0.47) -2.22%%¥%(0.41)
-3.82%*%(0.55) -3.06***(0.48)
-0.40 (0.41)  -0.45 (0.35)
0.06 (0.38) 0.89* (0.38)
0.54 (0.62) 0.57 (0.77)
13.23%%(4.04)  12.31%%(4.38)
0.15

0.13

90" quant.
B(SE)

-0.06 (0.07)
0.60 (0.47)

1.11%%(0.33)

-1.15 (0.63)
-0.06 (0.45)

0.17 (0.90)
0.03 (0.32)

0.87 (0.64)
1.26* (0.63)

0.06 (0.57)
1.85%* (0.71)
1.54%** (0.38)
-0.64(0.48)
-1.62%%(0.47)
-2.54%%%(0.71)
-0.59 (0.50)
0.84 (0.46)

0.67 (0.89)
12.32* (5.12)

0.13
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Table 4. Regression Results of the Relation between Frequency of Minimal-Intensity Physical Activity (MilPA, days/week) and Distribution of

Academic Performance Scores (N = 1470, Year = 2009).

OLS Regression

Without School Effects With School Effects

B(SE) B(SE)
MilPA 0.12%* (0.04) 0.13** (0.04)
Age 0.07 (0.15) 0.06 (0.14)

Demographic and Socioeconomic Characteristics
Gender (Reference—Male)

Female 0.72** (0.21) 0.75%** (0.19)
Household Income Per Capita Per Month (Reference—>¥2500)
¥<1500 0.17 (0.31) -0.57 (0.30)
¥1500-2500 0.40 (0.27) -0.01 (0.26)

Family Structure (Reference—Nuclear family)

Single-parent -0.40 (0.48) -0.59 (0.45)
Extended family 0.01 (0.22) -0.05 (0.21)
Mother's Educational Attainment (Reference—Less than high school)
High school -0.24 (0.32) 0.32 (0.31)

College & above 0.90* (0.36) 1.48*** (0.36)
Father's Educational Attainment (Reference—Less than high school)
High school 0.34 (0.33) 0.62* (0.32)

College & above 0.74 (0.38) 1.60*** (0.37)

Time spent on other activities
Attend Extracurricular Activities? (Reference—No)

Yes 0.91%** (0.23) 1.17%%% (0.22)
Average Time Spent on Homework Per Day (Reference—< 1 hour)
1-2 hours -0.93* (0.39) -0.96** (0.37)
2-3 hours -2.12%%%(0.39) -2.44%** (0.38)
> 3 hours -3.01%** (0.47) -3.562*%** (0.45)
Health Status

Weight Status (Reference—Not obese)

Obese -0.64* (0.32) -0.47 (0.30)
Having Chronic Allergic Rhinitis? (Reference—No)

Yes 0.18 (0.29) 0.53 (0.28)
Having Asthma? (Reference—No)

Yes -0.19 (0.53) 0.04 (0.50)
Intercept 16.28***(1.62) 13.32%** (1.56)
R? 0.13 0.24

0.10 Pseudo R?
0.25 Pseudo R?
0.50 Pseudo R?
0.75 Pseudo R?
0.90 Pseudo R?

1. Bootstrapped standard errors with 100 replications.
* P<0.05

**P<0.01

***P<0.001

doi:10.1371/journal.pone.0115483.t004

10" quant.
B(SE)

0.24%%(0.08)
-0.05 (0.52)

0.73 (0.36)

-0.22* (0.60)
0.27 (0.46)

-0.10 (0.73)
-0.03 (0.33)

0.93 (0.71)
2.52%* (0.75)

0.41 (0.69)
0.60 (0.76)
1.25%*% (0.42)
-1.37 (0.84)
-3.32%** (0.81)
-3.87*** (0.96)
-0.98 (0.63)

0.74 (0.47)

-1.07(1.31)
8.79 (5.72)

0.17

Quantile Regression with School Effects '

25" quant.
B(SE)

0.17* (0.07)
0.19 (0.34)

0.65 (0.29)

-0.25% (0.49)
0.03 (0.33)

-1.06 (0.62)
-0.56 (0.31)

0.22 (0.44)
1.36%* (0.48)

0.88 (0.47)
1.80%* (0.59)
0.76* (0.36)
-1.15% (0.52)
-2.99%** (0.50)
-4.20%** (0.60)
-0.32 (0.51)
0.31(0.34)
-0.94 (0.82)

10.29** (3.86)

0.12

Median

B(SE)
0.11 (0.06)
0.20 (0.36)

0.49 (0.25)

-1.00(0.37)
-0.18%%(0.31)

-0.59 (0.62)
-0.04 (0.25)

0.11 (0.41)
1.30%* (0.50)

0.76* (0.36)

1.74%%* (0.46)

1.21%%%(0.29)

-0.99 (0.54)

-2.38%*%(0.53)

-3.86%**(0.66)

-0.27 (0.38)

0.14 (0.41)

0.37 (0.74)
12.62%*(3.97)

0.15

75" quant.
B(SE)

0.08 (0.06)
0.56 (0.35)

0.73 (0.22)

-0.95%%(0.33)
-0.24%%(0.32)

-0.44 (0.75)
0.13 (0.24)

0.08 (0.29)
0.98** (0.36)

0.80* (0.36)
2.20%** (0.46)
1.28%%%(0.29)
-0.96%*(0.35)
-2.22%%%(0.40)
-3.09%%%(0.58)
-0.51 (0.28)

0.77* (0.34)

0.61 (0.69)
10.84%%(3.70)

90" quant.
B(SE)

0.00 (0.07)
0.45 (0.51)

1.05 (0.36)

-1.33%%(0.64)
-0.04* (0.48)

0.15 (0.94)
-0.11 (0.34)

0.83 (0.58)
1.28 (0.66)

-0.05 (0.63)
1.62% (0.68)
1.50%%%(0.39)
-0.63 (0.46)
-1.61%* 0.49)
-2.70%%%(0.66)
-0.60 (0.37)

0.78 (0.43)

0.78 (0.93)
13.83%*(5.27)

0.13

Fig. 1 was a histogram showing the distribution of APS, from which we noticed that there
were some students who belonged to the extremely lower parts of the APS distribution.
Figs. 2-4 showed the coefficients of each PA variable for different quantiles of the performance
scores. Focusing on Fig. 2, we can see that the association between VIPA and APS was similar
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Percentage

5 10 15 20 25
Total scholastic performance scores

Fig 1. Histogram for Academic performance scores.

doi:10.1371/journal.pone.0115483.9001

throughout the full range of the APS distribution, and the quantile regression estimates was
close to the linear estimate for VIPA. However, the coefficients of MiIPA appeared to be differ-
ent across the spectrum of academic scores. For example, the coefficient for frequency of
MIIPA at the 10™ percentile was larger than that at the 90" percentile. So the positive as-
sociation between minimal physical activity such as walking and academic performance

scores tended to be larger at the lower end of the distribution than at the higher end of the
distribution.

Discussion

Our study provided a more comprehensive analysis of the relationship between academic
achievement and physical activity than the ordinary least squares regression. For those who

0.20

0.10

0.00

-0.10

Coefficient of vigorous intensity physical activity
-0.20

-0.30

K 25 5 75 9
Quantile of academic performance scores

Fig 2. Quantile regression estimates of VIPA. Y axes represent coefficient estimates of physical activities
over the distribution of Academic performance scores; X axes indicates the quantiles of the dependent
variable. The dashed line is the OLS estimate for physical activities and the dotted lines are the 95%
confidence interval bounds. The shaded areas represent the 95% confidence intervals for the quantile
regression estimates (100 bootstrap replications).

doi:10.1371/journal.pone.0115483.9002
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0.40

0.20

0.00
1

Coefficient of moderate intensity physical activity

-0.20

K 25 5 75 9
Quantile of academic performance scores

Fig 3. Quantile regression estimates of MolPA.

doi:10.1371/journal.pone.0115483.9003

belonged to the lower end of APS, the magnitude of positive association between frequency of
moderate- and minimal-intensity physical activity and APS appeared to be significantly larger
than for those who were at the higher end of APS. Although we could not infer causal relation-
ship given the cross-sectional design of the study, our finding showed that physical activity
could be particularly beneficial for the scholastic performance of those at the highest risk for
academic failure and school dropout, even if the physical activity is only of minimal intensity.
This finding is consistent with previous studies that showed moderate physical activity can
improve children’s self-esteem, physical fitness, concentration and memory[15,31,32]. One of
our study’s unique strengths was its use of a representative sample of fifth-grade students in
Shanghai’s public schools. We collected information on diverse social and health factors in-
cluding parent’s socioeconomic status and family structure, as well as students’ health condi-
tions and time allocation on various activities, enabling the analysis of pathways that may
confound the relationship of interest. The second strength of this study was that we applied
quantile regression analysis to assess the unequal association of physical activity with different

0.30 0.40
1 1

20

0.

0.10
1

Coefficient of Minimal intensity physical activity
0.00
1

-0.10

K 25 5 75 9
Quantile of academic performance scores

Fig 4. Quantile regression estimates of MilPA.

doi:10.1371/journal.pone.0115483.9004
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ranges of academic performance scores, providing evidence for strategizing interventions for
target populations. Our third unique strength is that we use teacher-reported measure to oper-
ationalize the scholastic performance, thus removing the possible biases from parent-reported
or student-reported variables about academic achievement.

Limits

The cross-sectional design of the study limits the conclusions that may be drawn. For instance,
although socio-economic, family and school environmental factors were important determi-
nants of scholastic performances; genetic endowment may have provided an inherited predis-
position for some students to be successful in both athletics and academic study [33]. Also,
mental health has been shown in the literature to be as an important predictor of problem be-
havior and poor academic outcomes. These factors were not measured and adjusted in this
study. Furthermore, the self-reported measurement on different intensity of physical activity
may contain information bias. Students may not recall the frequencies or over-report their fre-
quencies of exercises in a school setting. Albeit independent of their APS, this non-differential
measurement error may weaken the study findings. The teacher-reported APS may also be
influenced by school policy and environment, but this bias should be attenuated when school-
level fixed effects were adjusted. Finally, we found that the relationship between frequency of
PA and APS varied by individual school, yet, while this study did not intend to identify specific
modifiable factors at the school-level., those factors may have important implications for inter-
ventions, which should be assessed in future studies.

Policy Implication

The findings from this study support the promotion of physical activities in schools. Those stu-
dents who had poor academic performance could be worse off in their grade if schools or pa-
rents replace their physical activity time with more homework and extracurricular study time.
This is particularly critical because students who did not achieve satisfactory academic scores
were more likely to be assigned more homework.

Our results showed that the average time spent on homework per day, in particular more
than 2 hours per day, was negatively associated with academic performance, which may reflect
the real situation in Shanghai’s public schools. Thus it may make sense for schools to limit
homework time within 2 hours. A guideline for studying time of primary school students re-
leased by Ministry of Health stipulates that homework for fifth and sixth graders should be
within 90 minutes, which is obviously not have been fully implemented [34]. Studies in western
education system shared the same insights. For example, a study based on systematic review
suggested that homework be realistic in length and difficulty given the students' abilities to
work independently. 5 to 10 minutes per subject might be appropriate for 4th graders [35]. An-
other review suggested a “10-minute” rule, according to which the appropriate homework
length should be 50 minutes in fifth graders [36]. This could be particularly important for the
teachers, parents and students to change their current norm of using extra homework length to
improve academic achievement. Instead, moderate- and minimal-intensity physical activities
may have a positive influence on academic achievement, and should be strongly encouraged.

As for the feasibility issue of how to promote physical activity among students who might
have a disadvantaged background, there have been a number of guidelines recommending
proven strategies to improve physical activities in schools or communities among children.
U.S. Department of Health and Human Services issued a guide that recommended communi-
ty-wide health education campaigns, school-based physical education, and social support in
community settings, highlighting the role of multisite, multicomponent interventions in
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sustainably increasing physical activity behaviors [37]. The US Centers for Disease Control and
Prevention promoted strategies that increase student’s physical activity in schools (e.g., a Kids
Walk-to-School manual provided guidance for schools and communities on how to create an
environment to support safe walking and bicycling to school) [38]. A multilevel approach to
promoting physical activity is likely to be effective, which combines school-based interventions
with family or community involvement, along with educational interventions with policy and
environmental changes [39]. Physical activity can be increased during school break periods,
through existing youth organizations, summer day camps and possibly through active trans-
portation [40].
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