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Summary.—The main aim of this study was to analyze the relationship between
the amount of physical activity and academic performance in 3rd-year secondary
education students. The sample was taken from three secondary schools in the area
of Barcelona. 284 students (158 girls, 126 boys) with an average age of 14.7 yr. par-
ticipated. The International Physical Activity Questionnaire was used by students
to self-report their amount of physical activity. Students” academic records were
obtained for comparisons. Results showed that there was a linear relationship be-
tween academic performance and physical activity; nevertheless, there was a trend
to stronger correlation when modeling the relationship between these variables
with a quadratic equation. Further research should focus on whether academic
performance and physical activity might be better explained with a second-order
equation.

The lack of physical activity in children and adolescents has become
a serious problem in society in the last few years. Physical inactivity is a
risk factor in developing different diseases such as obesity and diabetes.
There has been frequent speculation about the effects of physical activ-
ity on the school learning process in children and adolescents, and in the
past there was a tendency to think that time devoted to nonacademic goals
had a negative effect on academic performance (Lindner, 2002). In the last
few years, studies have analyzed the relationship between physical activ-
ity and academic achievement from different perspectives, for example,
evaluating participation in sports or physical activity programs as they re-
late to academic performance (McKenzie, Sallis, Kolody, & Faucette, 1997;
Sallis, McKenzie, Kolody, Lewis, Marshall, & Rosengard, 1999). However,
several well-designed studies about this issue have reached different con-
clusions, finding that physical activity has no relationship to academic per-
formance (Sallis, et al., 1999; Daley & Ryan, 2000; Tremblay, Inman, & Wil-
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liams, 2000; Ahamed, MacDonald, Reed, Naylor, Liu-Ambrose, & McKay,
2007), or showing that physical activity in students is associated with im-
provement in academic performance. Shephard (1997) and Shephard and
Trudeau (2005) suggested that increasing the time spent in physical activi-
ty at school increased academic performance in comparison with students
who had no additional activity. Symons, Cinelli, James, and Groff (1997)
studied different behaviors related to health and learning, and concluded
that physical exercise helps interneuronal connection and enhances con-
centration. Strong, Malina, Blimkie, Daniels, Dishman, Gutin, ef al. (2005)
acknowledged positive effects of physical activity on health, but doubted
any direct relationship with higher cognitive performance. Dwyer, Sallis,
Blizzard, Lazarus, and Dean (2001) developed a project with 7,961 Austra-
lian students, and Lindner (1999) with 4,690 students from Hong Kong. In
both studies, physical activity habits were assessed with questionnaires,
physical conditioning was tested, and students” academic records were
obtained. Both studies found a significant, but small, correlation between
academic outcomes and participation in more physical activities.

Referring to results obtained by other authors, it may be thought that
the hours of practice and academic performance do not show a clear lin-
ear correlation. In other research, the hours spent in one activity do not
always affect associated variables in a linear manner. An example could
be the number of homework hours and academic performance (Cooper,
Robinson, & Patall, 2006), or in physiology, the increase of energy expen-
diture in cardiovascular health (Lee & Paffenbarger, 1998). This kind of
relationship could be posited between academic achievement and physi-
cal activity since both require effort and time commitment, but of a dif-
ferent quality. Perhaps this could explain why some studies have found
that the academic performance achieved by students who are also elite
athletes is similar to or lower than that of the general student population
(Calabria, Garcia-Mas, Gimenez, Aguado, Cuartero, & Pérez, 2003; Tor-
regrosa, Sanchez, & Cruz, 2004). All this suggests that there may be an
optimum amount of physical activity that is related to higher academic
performance. It was hypothesized that the relationship between academic
performance and physical activity might not be linear, but follow a qua-
dratic trend, due to the conflict in time and effort commitments.

METHOD
Participants
A total of 284 students (158 girls, 126 boys) took part in this study.
All participants were 3rd-year students in secondary school with a mean
age of 14.7 yr. The students came from a school population of three high
schools in the metropolitan area of Barcelona (Catalonia). Students with a
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TABLE 1
DESCRIPTIVE STATISTICS OF THE SAMPLE’'S ANTHROPOMETRIC VARIABLES
Boys (1=126) Girls (n=158) Total (N=284)
M SEM M SEM M SEM
Height, cm 157.83 12.03 156.21 11.77 156.97 11.88
Weight, kg 48.67 7.92 49.17 6.55 48.90 7.21

physical or psychological disability were excluded from the study, as well
as those that had been injured for more than a month during the previous
academic year, and students with high truancy (i.e., more than 30% ab-
sences). All students in the three high schools who fulfilled the inclusion
criteria were included in the study. Table 1 shows the descriptive statistics
for the anthropometric variables of participants.

All students and students’ parents or legal guardians signed an in-
formed consent form for their children’s participation in the study. Educa-
tional authorities and Ramon Llull University’s Research Ethics Commit-
tee in Barcelona approved the development of this study.

Physical Activity Measures

Physical activity carried out by every student was assessed with the
International Physical Activity Questionnaire (IPAQ; Hallal & Victoria,
2004; Hagstromer, Oja, & Sjostrom, 2006) in its short format. Results were
transformed into units of metabolic index (MET) following guidelines as
expressed in the IPAQ manual.? Students were classified into three groups
according to their self-reported physical activity. The Low activity group
was made up of students with energy consumption lower than 1,000
METs, Moderate activity group by students with a metabolic rate between
1,000 and 2,500 METs, and finally the High activity group by students
with more than 2,500 METs per week. This classification was established
using interquartile values (i.e., 1,000 and 2,500 METs).

Procedure

The International Physical Activity Questionnaire was administered
in a physical education session in the last academic term. Questionnaires
were delivered with the same assessors always being present. Before fill-
ing in the questionnaires, participants were given a short explanation, in
which they were told about: (i) answering items thinking about a typical
week, rather than about the previous week, and (ii) the differences be-
tween vigorous and moderate activities.

Once the school year had finished, academic performance was as-

2Guidelines for Data Processing and Analysis of the International Physical Activity
Questionnaire. (IPAQ) Revised November 2005. Available at: http://www.ipaq.ki.se/
scoring.pdf. Retrieved May 10, 2010.

Author: Was this in the last academic term of the 3rd

year?
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sessed by calculating the mean grades of each participant in the 10 sub-
jects of the 3rd year of secondary school. Since every subject had a mark
ranging between 0 and 10, the academic performance score obtained also
ranged between 0 and 10. The academic records were provided by every
high school'’s secretary office, with confidentiality of personal data being
always guaranteed.
Analysis

The statistical analysis was carried out with SPSS software, Version 17
(SPSS, Inc., Chicago, IL, USA) and Origin Pro 8 (OriginLab, Northampton,
MA, USA). Standard statistical methods were used to obtain the mean as
a measure of central tendency and the typical standard error of the mean
(SEM) as a measure of dispersion. The variables were observed to com-
ply with a normality test (Kolmogorov-Smirnov normality test) before the
inferential analysis (academic achievement, p=.07; MET consumption,
p=.23). The results were analyzed in two different ways: the relationship
between academic achievement and METs, and differences in academic
achievement between quartile groups established according to MET con-
sumption. The relationship between academic performance and MET was
assessed by best fits of one- and two-degree polynomials (regardless of
the quartile membership). Moreover, differences in academic achievement
(dependent variable) among the groups (independent variable) were test-
ed using a one-factor analysis of variance (ANOVA) for group (High,
Moderate and Low activity). However, the assumption of homoscedas-
ticity (Levene’s test) was violated (p<.001). Therefore, Welch’s F was used
as it is a robust statistic in these conditions. Polynomial planned compari-
sons were used to test for trends in the data, as well as post hoc analysis
with Games-Howell adjustment to assess which MET groups had differ-
ent academic outcomes. This contrast was selected because it is the most
suitable one when groups are not balanced and the assumption of ho-
moscedasticity is not met. Statistical significance was set at p <.05.

REesurts

Polynomial fit analysis (see Fig. 1) showed that there was a signif-
icant linear relationship between the metabolic index (MET) and aca-
demic performance (r=.31, p<.001; 95%CI=.20, .41). Nevertheless, the
quadratic fitting reported a correlation not statistically significantly differ-
ent (r=.34, p<.001; 95%CI=.23, .44). There was a main effect for academ-
ic performance associated with physical activity (F, .,,=10.48, p<.001;
®*=.08). Polynomial comparisons showed the existence of a squared trend
(F, ;5 =14.59, p<.001; effect size r=.29). The pairwise comparisons showed
greater academic performance (p=.001) for the High activity group
(M=6.5; SEM=0.1) and Moderate activity group (M=6.7; SEM=0.1) than
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Fic. 1. Relationships between academic performance and metabolic rate (MET). The
black curved line represents a squared relationship (r=.34; slope=2.04 ¢ 10" and -3.58 ¢ 107;
p<.001) between the variables. The grey straight line represents a linear relationship (r=.31;
slope=5.87 ¢ 10™*; p <.001) between academic performance and metabolic rate.

the Low activity group (M=5.7; SEM=0.1). There were no differences be-
tween the Moderate activity group and the High activity group.

Discussion

Several prior cross-sectional studies have found a positive relation-
ship between physical activity and academic performance (Lindner,
1999; Dwyer, et al., 2001). The present results also support this. Some au-
thors have also suggested that practice of physical activity can promote
improvement in mental functioning and cognitive development (Davis,
Tomporowski, Boyle, Waller, Miller, Naglieri, et al., 2007, Tomporowski,
Davis, Miller, & Naglieri, 2008; Trudeau & Shephard, 2008). It has even
been found that isolated physical activity sessions improve reading com-
prehension, attention, and academic performance (Hillman, Pontifex,
Raine, Castelli, Hall, & Kramer, 2009). There may be various reasons for
this improvement in academic performance (Shafer & Armer, 1972; Sy-
mons, et al., 1997; Morales, 2004): athletes with higher performance are im-
mersed in a culture of effort, persistence, and competitiveness, which they
could apply to the academic field; sports activity increases self-esteem and
self; sports activity increases socialization and therefore academic perfor-
mance; increased physical fitness results in an increase in mental perfor-
mance; physical activity improves brain oxygenation, resulting in higher
capacity for concentration and improvement in cognitive capacities.

Apparently this is the first study to establish a second-degree rela-
tionship between academic performance and amount of physical activity.
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There was a statistically significant linear correlation between the vari-
ables of physical activity and academic outcome with a small magnitude
(r=.31). A squared adjustment indicated a possibly better fit with a sec-
ond-order polynomial; nevertheless, that result should be considered pre-
liminary. Such a trend to a second-order relationship between academic
performance and physical activity could mean that a certain amount of
weekly physical activity might prove optimal for academic performance.

The results support prior research showing that physical activi-
ty practice at vigorous to moderate intensity is related to better cogni-
tive performance. Moreover, students who reported high activity were
not significantly different on academic performance from those report-
ing moderate activity. Although the sample size was large, testing for a
squared relationship would require an objective measure of MET, such as
accelerometry or gas analysis, and a broader range of activity among re-
spondents. Furthermore, assessing cognitive function as a covariate has
been recommended in this type of study (California Department of Edu-
cation, 2001; Castelli, Hillman, Buck, & Erwin, 2007). One can conclude
that physical activity practice is positively related to academic perfor-
mance —and there is some evidence that the relationship between the two
variables could be second-order, i.e., there could be an optimal amount
of physical activity for best academic performance. Other likely sources
of confounds should be controlled in future research so that robust infor-
mation about optimal physical activity can be suggested for implementa-
tion in schools.
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