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Academic achievement and physical activity: the ideal relationship to promote a

healthier lifestyle in adolescents

ABSTRACT

Background: School environment provides several intervention opportunities for physical
activity. The aim of this study was to examine the relationship between objectively assessed
moderate-to-vigorous physical activity (MVPA) and academic achievement in adolescents.
Methods: Cross-sectional data were collected from 301 students aged between 13 and 15
years old (46.51% boys), enrolled at seven secondary schools in the city of Huesca (Spain).
Participants wore accelerometers during a 7-day period and their academic achievement was
calculated from the average marks of all subjects. Structural equation modelling and
quadratic regression analysis were performed in order to test both linear and non-linear
explanatory models. One-way analysis of variance was also performed to explore the effect
of gender and the percentage of compliance with MVPA recommendations.

Results: The results obtained suggest that the non-linear model seems to be more consistent
than the linear model. According to the curvilinear relationship described, those students
whose MVPA levels were closer to the daily recommendation for adolescents were more
likely to obtain higher academic achievement. However, a significant association was only
shown in the case of boys.

Conclusions: Important practical implications are discussed, considering that MVPA for

adolescents should be prescribed within some beneficial time margins (50-70 minutes a day).

The health benefits of physical activity (PA) for adolescents have been previously well
established.! There is an emerging body of research that suggests that PA and healthy habits
may also provide benefits in terms of cognitive performance and academic achievement.

Published research associating these variables, both in children and in adolescents, has
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increased in importance over the last few years.?® Given that the school environment is an
ideal context to promote healthy habits* it is essential to identify factors that may influence

both adolescents’ health and learning in this context.

Many different variables may affect academic achievement at school. Some of them
may be directly related to the individuals, but others may be related to different
characteristics of the school context.> One of those influence variables may be the level of
adolescents’ PA practice, which has recently been related to an improvement in cognitive
processes, and consequently an improvement in academic achievement.®” There is also
evidence that related variables, such as being overweight and obese, are associated with
higher levels of school absenteeism and lower academic achievement.®® Other authors
suggest that the relationship between PA and academic achievement may also be explained
by psychosocial factors.X® According to this hypothesis, adolescents with higher levels of PA
would be more likely to assume certain behavioural patterns, which could indirectly favour

better academic achievement.

According to literature, the measurement of academic achievement has been addressed
through three different procedures. Firstly, through standardised tests, which have led to
international assessments of education systems.!! Secondly, through the compilation of
students’ marks, considering all the subjects studied or just a small selection.*? Thirdly,
academic achievement has been obtained, in some cases, by asking students to complete
questionnaires.® Although students’ marks could not be considered as an objective method to
internationally compare academic achievement, they do represent a legal criterion to assess
this in the Spanish context. Moreover, this indicator may have a strong influence on the

students’ future, both in terms of social and employment perspectives.
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Different cross-cutting®®%> or school-based intervention!6-1” studies have explored the
relationship between PA levels and academic achievement. Most studies have shown a
positive relationship between these two variables,®*1% although to date these associations
have proved to be generally weak,>?° or even negative.'® In addition to these inconsistencies
in the literature, it is also complicated to establish conclusions about that relationship, as most
of the studies have been carried out via questionnaires, and therefore the results may be

biased by the different data collection procedures.?

As far as methodological deficiencies are concerned, studies related to academic
achievement do not usually provide PA intensity.'® PA must be assessed based mainly on two
parameters: its intensity and the time that individuals spend at a certain intensity during a
specific period of time. The scientific evidence that emerges from associating these two
concepts is used to establish the international PA recommendations to maintain good health
during adolescence. International organisations recommend that school-aged youths
accumulate at least 60 minutes of daily PA at a moderate to vigorous intensity.?> However,
many adolescents do not accumulate sufficient moderate-to-vigorous physical activity
(MVPA) to satisfy current recommendations.?® With respect to the importance of gender in
the relationship between MVPA and academic achievement, results do not seem to be
conclusive. Studies that have used self-reported measures of MVPA have found a positive
relationship in both genders?* Using objective measurement, results showed a long-term
positive impact of MVVPA on academic attainment during adolescence, especially in girls who
met MVPA recommendations.'* However, other studies did not find any significant
relationship between adolescents’ PA and academic achievement in any gender.**2%25 Further

research is warranted to better understand gender influence.
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Given the existence of some controversy in literature about the relationship between PA
and academic achievement, we would like to explore it further, suggesting another more
complicated conceptual association. As previously suggested in literature?! the association
between these variables may not be linear. Therefore, we hypothesised that MVVPA would be

related to academic achievement according to a U-shaped non-linear explanatory model.

The objectives of this study were two-fold. 1) To examine the relationship between
objectively assessed MVPA and academic achievement in adolescents, contemplating the
possibility of both linear and non-linear associations. 2) To explore the relationship between
the level of compliance with MVPA recommendations in adolescents and academic

achievement depending on the gender.

METHODS

Participants

Participants in this study were recruited from the student population of seven secondary
schools in the city of Huesca (Spain) during the academic course 2011-2012. Assent from
455 adolescents aged between 13 and 15 years old and written informed consent from their
parents or tutors were obtained. After applying exclusion criteria, 301 of the 455 eligible
adolescents (46.51% boys, M=14.17, SD=0.63) were included in the final study (66.15%
completion rate). This study obtained the approval of the Clinical Research Ethics Committee

of Aragon (Spain).

Instruments

Academic achievement
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The educational centres’ management teams provided the students' marks for all school
subjects (i.e., 11 subjects, according to the Spanish education system) at the end of the school
year. Individual marks for each subject were assessed using a scale from 0 to 10; where 0-4.9
denotes failure, >5 denotes a pass, and 10 denotes excellence. Academic achievement was

calculated as the average mark of all subjects, which was used as a continuous variable.

Moderate-to-vigorous physical activity

The GT1M accelerometer (Actigraph, model 7164) was used to continuously assess
objective PA. To obtain the data, each participant was assigned an accelerometer to record
their PA during all waking hours over a 7-day period. Participants wore the accelerometers
on their right hip and were told to remove them only during sleep time and water-based
activities. The cut-points used in this study were 0-99, 100-2291, 2292-4007, >4008 counts;
for sedentary, light, moderate and vigorous physical activity, respectively.?® All data were

downloaded and analysed using the ActiLife software v.21.

Before further processing, an activity recording of 10 hours’ wear time per day, for at
least four days (three weekdays plus one weekend day), was required as inclusion criterion?’
Non-wear time was defined as a period of 10 consecutive minutes registering zero counts per
minute (cpm), allowing up to two minutes recording 0-100 cpm during that period.?®
Accelerometers were set to register the number of counts at 30-second epoch.?® The daily
time spent at moderate and vigorous PA intensities was added and integrated into one
variable, daily MVPA. After that, average minutes of weekly MVPA were calculated.
Weekly MVPA was used to estimate the level of compliance with daily recommendations for
adolescents (i.e., 60 minutes per day). An ordinal variable called ‘Grade of compliance with
MVPA recommendation’ was created to segment the sample: <30 minutes of MVPA per day

(group 1); 30-50 minutes of MVPA per day (group 2); 50-70 minutes of MVPA per day
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(group 3); 70-90 minutes of MVPA per day (group 4); >90 minutes of MVPA per day (group

).

Covariates

A series of potential confounders were included: socioeconomic status, body mass index
(BMI), type of school (i.e., public or state-subsidised private school), and gender. According
to the theoretical framework, all these variables may have the capacity to bear an influence
on academic achievement.®!! Socioeconomic status was calculated using the validated
questionnaire FAS 11, categorising participants depending on their status (i.e., high, medium
or low).%® BMI was calculated using self-reported values of height and weight. Participants
were categorised as underweight, normal-weight, overweight and obese, according to the

standards for children and adolescents from Centers for Disease Control and Prevention.3!

Procedure

Prior to carrying out this study at the different secondary schools, a meeting was held
with each school management team to address objectives, requirements and repercussions of
the study. After their approval, potential participants and their parents were informed about
the research project through information meetings and informational brochures, respectively.
Subsequently, self-reported data were collected and participants were monitored for one
week via the accelerometers. All data collection processes were conducted by the research

team with the cooperation of the physical education teachers.

Data Analyses
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Means and standard deviations (SD) were calculated to describe participants’
characteristics. Differences between boys and girls were explored using the independent-
samples t-test. Cohen’s d effect size statistic was also calculated for every comparison of

means.

Based on the evidence suggested by previous research,'® both linear and non-linear
hypothesis were tested. Firstly, a structural equation modelling (SEM) analysis was
performed in order to test the linear hypothesis. According to the model proposed, MVPA
during weekdays and MVPA during weekend days were hypothesised to have a directional
causal effect on the latent variable, ‘Academic achievement’. The latter was indirectly
assessed through the average marks obtained in three specific subjects (i.e., language and
literature, mathematics and foreign language [English or French]). The choice of these
subjects was based on the fact that they are compulsory right through secondary school.
Gender, BMI and socioeconomic status were considered as covariables, testing their
predictive capacity on the rest of the variables studied. Model fit was tested using Chi-square
(X?), the Root Mean Square Error of Approximation (RMSEA), the Standardised Root-Mean-
Square Residual (SRMR), the Incremental Fit Index (IFI) and the Tucker Lewis Index (TLI).
Secondly, a curvilinear regression was conducted to test PA predictive capacity on academic
achievement in a non-linear model. In order to reduce the PA variable dispersion, the
categorised variable, ‘grade of compliance with MVVPA recommendation’, was used instead

of a continuous variable.

Finally, one-way analysis of variance (ANOVA) and Scheffé’s post-hoc tests were
carried out to compare academic achievement among the categories of compliance with
MVPA recommendations, depending on the participants’ gender. Bootstrapping was used to

generate a confidence.? If zero was included in the confidence interval, then the effect was
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considered to be non-significant. All these analyses were performed using the SPSS statistical

package (version 21.0) and IBM AMOS Graphics.

RESULTS

Values of participants’ marks and MVPA levels are displayed in Table 1. Gender
differences were found with respect to academic achievement and MVPA levels. Girls
showed statistically significant higher marks than boys in language (p<.01), mathematics
(p<.01) and foreign language (p<.01), as well as in the average marks of all subjects (p<.01).
Boys engaged in significant higher levels of MVPA, both on weekdays (p<.01) and during
the week as a whole (p<.01). No gender differences were found in MVPA levels on weekend

days.

[Table 1 near here]

In order to test the linear relationship possibility, a SEM analysis was conducted. The
‘type of school’ variable was finally excluded from the model to improve model fit: ¥>=16.80
(gl=10; »*/gl=1.68); RMSEA=.05 (confidence interval: LO=.00; HI=.09); SRMR=.02;
IF1=.99; TLI=.98. Table 2 shows the regression weights associated with the SEM analysis
carried out. It should be pointed out that MVVPA on weekdays was found to be negatively
associated with academic achievement (5=-.21; p=.02). With respect to the covariates, gender
was significantly related to MVPA as well as academic achievement. According to this
model, boys showed higher levels of MVPA ($=.29; p<.01), whilst girls obtained better
academic achievement values (f=-.15; p=.02). Moreover, participants belonging to higher
categories of BMI had lower values of academic achievement (f=-.16; p<.01). Significant

standardised estimations and proportion of variance explained are summarised in Figure 1.
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[Table 2 near here]

[Figure 1 near here]

With respect to the non-linear hypothesis, regression analysis results (see table 3)
showed that the model with a quadratic relationship was the only one that presented a
significant association between MVPA and academic achievement, both in the sub-sample of
boys (F=4.12; R?=.06; p=.02) and in the total sample (F=3.29; R?=.02; p=.04). The sub-
sample of girls did not show any significant relationship between both variables in either of

the two models. The explained variance of the significant models was small (from .02 to .06).

[Table 3 near here]

Finally, academic achievement was compared among the different groups of
compliance with MVPA recommendations, showing significant differences in both girls
(F=3.16 [4, 156]; p=.02) and boys (F=2.75 [4, 135]; p=.03). Scheffé’s post-hoc group
comparisons and bootstrap confidence intervals are shown in Table 4. According to this
analysis, girls belonging to group 1 (<30 minutes of MVPA per day) recorded higher school
marks in comparison to those belonging to group 5 (>90 minutes of MVPA per day). Further,
girls belonging to group 4 (70-90 minutes of MVPA per day) recorded higher school marks
in comparison to those belonging to group 2 (30-50 minutes of MVPA per day) and group 5
(>90 minutes of MVPA per day). Moreover, those boys whose MVPA levels were close to
the recommendations (i.e., 50-70 minutes of MVPA per day; group 3) tended to record the
highest academic marks, in comparison to groups 1 (<30 minutes of MVPA per day), 4 (70-

90 minutes of MVPA per day) and 5 (>90 minutes of MVPA per day).

[Table 4 near here]
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DISCUSSION

The aim of this research was to verify the existing relationship between PA levels,
compliance with MVPA recommendations and academic achievement in adolescents, as well
as to analyse possible existing differences in these relationships depending on the gender.
Both linear and non-linear approaches were explored in order to clarify the inconsistency

shown in previous research.

The results obtained in this study confirm the initial hypothesis about the existence of a
significant relationship between variables. According to the structural equations model, PA
on weekdays was negatively associated with academic performance, whereas PA during the
weekend had no significant relationship. These results are consistent with the findings of
Esteban-Cornejo and colleagues.®® In contrast, most previous studies have suggested a
positive relationship between PA and academic achievement.'%2433 This discrepancy may be
due to the way in which data were collected. In this sense, the work by Syvéoja and
colleagues?* concluded that objectively assessed and self-reported MVPA may reflect
different constructs regarding the association with academic achievement. Moreover, most
previous research, based on data collected via accelerometers, found no association between
variables.5212534 In other cases, this relationship has been considered to be significant
depending on the gender* or subject assessed,*® thus supporting the need to further explore

this controversy.

The quadratic regression model shows a correlational pattern according to which
students with very low and very high levels of PA tend to obtain lower average marks. On the
contrary, students whose MVPA levels are close to the daily recommendation for adolescents
(i.e., 60 min of MVPA) tend to obtain higher average marks. The regression curve is coherent

with the results obtained in the ANOVA analysis, showing that a higher level of achievement
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is associated with average MVPA of 50-70 minutes a day. A similar correlational pattern has
previously been described in research performed with self-reported data in the Spanish
context.® In sum, according to the results obtained in the current study, it can be suggested
that the non-linear model seems to be more consistent when explaining the association
between PA and academic achievement, which is also consistent with the initially proposed

hypothesis.

This relationship goes in the same direction as previous studies.'*363" These studies
showed that academic achievement was only influenced (either positively or negatively) by
PA carried out by students at specific levels of intensity/duration. The aforementioned studies
coincide in pointing out that the influence on academic achievement becomes significantly
positive at intensities between moderate and vigorous; although in most cases, the data used
by the authors to reach this conclusion are not objective. On the other hand, there are studies
that show that PA can also have a negative influence on academic achievement at very high®
or very low® levels, as we found in this study. Therefore, we can theorise in this regard that
students whose PA levels are close to daily recommendations will have a more organised and
orderly lifestyle, will receive cognitive benefits and will satisfy a series of favourable

behaviours with respect to their academic achievement.

When addressing the controversy of the role played by gender in the relationship
between PA and academic achievement, the results of the study only showed a significant
association in the case of males. This conclusion contradicts the results obtained by Kwak
and colleagues,'# according to which the positive effect of PA is only expressed in female
students. This discrepancy may be explained due to contextual differences. This work was
carried out in Sweden, a country where the gender gap in terms of economics, health and

education is smaller than in the Spanish case,*® and therefore, the opportunities of female
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students enjoying higher levels of PA may perhaps be greater. These results strongly support
the need to perform interventions geared towards increasing PA opportunities for the female

gender in some specific contexts.

According to our results, the levels of PA expressed by participants vary significantly
depending on gender, as male students showed higher levels of MVPA than female students.
This significant difference could affect the results. It could be hypothesised that PA has a
different influence on academic achievement depending on the moment of the week (i.e.,
weekdays/weekend). Boys showed higher levels of MVPA on weekdays, when physical and
academic activities (both curricular and extracurricular) are more likely to coexist. Therefore,
MVPA could lead to higher organising demands when carried out on weekdays, which could

be related to higher academic achievement.

Referring to the rest of covariables included in the model, SEM analysis shows that
students with higher BMI are more likely to obtain worse academic achievement. These
results are fully consistent with previous research.2°® The detrimental effect that BMI could
cause on academic achievement might provide stakeholders with greater evidence to target

children’s and adolescents’ obesity as a priority in terms of public health.

In the same vein as all the studies reviewed, which share the same characteristics as this
study, we observe that, despite being significant, the relationship between variables gives rise
to a reduced predictive value model. As explained in the theoretical framework, academic
achievement is a phenomenon with a multicausal nature, determined by multiple
psychosocial and environmental factors linked both to the family and to the school context, as
well as to certain typical genetic conditioning factors of each individual. The variables linked

to lifestyle simply form a small part of a complex map of factors that interact together to
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explain academic achievement. It is logical, therefore, that our predictive model explained a

low percentage of the total variance of such a complicated phenomenon.

The main strength of this research is the use of objective data to quantify participants’
PA level. To date, there are not many research projects that study the relationship between
these two variables in adolescents, making use of accelerometer. As this is, to our knowledge,
the third study in the Spanish context!316 that associates the two variables mentioned, making

use of objective data, the relevance of the study carried out is clear.

Several research perspectives emerge from this current study. A longitudinal study
could be set out, monitoring students’ PA levels and academic achievement during the entire
schooling period. On the other hand, other factors linked to lifestyle and its relationship with
academic achievement? could be analysed, such as the type of physical activity performed,Z
physical condition?1:?®> and dietary habits.® This type of variable has not been contemplated in
this study as it belongs to a different research perspective, far removed from the interests

pursued herein.

Limitations

This study also has several limitations. First, the study design is cross-sectional, which
limits the extent of the inferences we can make regarding the direction of the observed
associations. Second, given that accelerometers only measure accelerations on the vertical
axis, and they cannot show the intensity of activities such as skating, cycling, rowing or
weight lifting, there could be some misleading PA data. Moreover, as they are not compatible
with water, they cannot record swimming or other aquatic activities, which could
underestimate PA levels. Furthermore, accelerometer-assessed MVPA only focuses on the
amount of time spent at those intensities, but not into the type of activity or motor skill

performed. Finally, the study sample, although representative of the population of the schools

13



305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

from which it was drawn, is not necessarily representative of the larger adolescent

population, which limits the external validity of these findings.

Conclusions

Based on evidence found in our data, firstly it seems appropriate to affirm that students
with very low or very high levels of MVPA tend to obtain worse academic achievement,
whilst students who satisfy the recommendations for adolescents (60 minutes a day of
MVPA) tend to obtain better academic achievement. Secondly, it concludes that gender has a

great influence on the relationship between PA and academic achievement.

Further evidence about this relationship seems necessary to enable us to provide clearer
guidelines about PA practice in order to obtain a better equilibrium in the time distribution of
adolescents’ daily activities (either academic, educational, PA-related or leisure activities,
etc.), as well as assessing possible interventions in order to increase academic achievement

through PA.

This study reinforces the scientific evidence that associates variables such as PA levels
and academic achievement. Based on this relationship, we can identify students who need
special attention in the design of strategies to increase academic achievements by improving
optimal PA levels. Based on previous studies, some of the strategies used within the school
context to increase academic achievement could focus on offering a variety of participation
opportunities in PA, promoting students’ autonomy, developing joint strategies between
different social sectors (e.g., town councils, neighbourhoods and schools), engaging families
and counselling adolescents for them to organise their time correctly and be able to include

50 to 70 minutes of MVPA in their lifestyle.

14



328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

ACKNOWLEDGEMENTS

This study has been possible thanks to the work carried out by the Research Group

EFYPAF (Physical Education and Physical Activity Promotion).

FUNDING SOURCE

This work was supported by the University of Zaragoza (Spain) under project UZ2012-

HUM-01. The first author is supported up to 65% by the European Regional Development

Funds (ERDF) through Interreg V-A Spain, France, Andorra (POCTEFA 2014-2020), under

project EFA095/15.

REFERENCES

1.

Tremblay MS, Carson V, Chaput JP, et al. Canadian 24-hour movement guidelines for
children and youth: An integration of physical, sedentary behaviour, and sleep. Appl

Physiol Nutr Metab 2016;41(6 Suppl 3):S311-327. doi:10.1139/apnm-2016-0151.

Rasberry CN, Tiu GF, Kann L, et al. Health-related behaviors and academic
achievement among high school students - United States, 2015. MMWR Morb Mortal

WKIly Rep 2017;66(35):921-927. doi:10.15585/mmwr.mm6635al.

Watson A, Timperio A, Brown H, Best K, Hesketh KD. Effect of classroom-based
physical activity interventions on academic and physical activity outcomes: a
systematic review and meta-analysis. Int J Behav Nutr Phys Act 2017;14(1):114.

doi:10.1186/s12966-017-0569-9.

Sevil J, Garcia-Gonzélez L, Abos A, Generelo E, Aibar A. Can high school be an

effective setting to promote healthy lifestyles? Effects of a multiple behaviour change

15


https://dx.doi.org/10.15585%2Fmmwr.mm6635a1

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

10.

11.

intervention in  adolescents. J Adolesc Health 2019;64(4):478-486. doi:

10.106/j.jadohealth.2018.09.027.

Hattie J, Anderman EM, eds. International guide to student achievement. New York:

Routledge; 2013.

Domazet, SL, Tarp J, Huang T, et al. Associations of physical activity, sports
participation and active commuting on mathematic performance and inhibitory control

in adolescents. PLoS One 2016;11(1):e0146319. doi:10.1371/journal.pone.0146319.

Li JW, O’Connor H, O’Dwyer N, Orr R. The effect of acute and chronic exercise on
cognitive function and academic performance in adolescents: A systematic review. J

Sci Med Sport 2017;20(9):841-848. doi:10.1016/j.jsams.2016.11.025.

Cohen AK, Rai M, Rehkopf DH, Abrams B. Educational attainment and obesity: a

systematic review. Obes Rev 2013;14(12):989-1005. doi:10.1111/obr.12062.

Faught EL, Gleddie D, Storey KE, Davison CM, Veugelers PJ. Healthy lifestyle
behaviours are positively and independently associated with academic achievement: An
analysis of self-reported data from a nationally representative sample of Canadian early

adolescents. PLoS One 2017;12(7):e0181938. doi:10.1371/journal.pone.0181938.

Kristjansson AL, Sigfusdottir ID, Allegrante JP. Health behaviour and academic
achievement among adolescents: The relative contribution of dietary habits, physical
activity, body mass index and self-esteem. Health Educ Behav 2010;37(1):51-64. doi:

10.1177/1090198107313481.

Organization for Economic Cooperation and Development. PISA 2015. Results in
focus.  Available at:  https://www.oecd.org/pisa/pisa-2015-results-in-focus.pdf.

Accessed April 2, 2019.

16


https://doi.org/10.1111/obr.12062
https://www.oecd.org/pisa/pisa-2015-results-in-focus.pdf

374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

12.

13.

14.

15.

16.

17.

18.

Pellicer-Chenoll M, Garcia-Massé X, Morales J, et al. Physical activity, physical fitness
and academic achievement in adolescents: a self-organizing maps approach. Health

Educ Res 2015;30(3):436-448. doi:10.1093/her/cyv016.

Esteban-Cornejo 1, Tejero-Gonzalez CM, Martinez-Gomez D, et al. Objectively
measured physical activity has a negative but weak association with academic
performance in children and adolescents. Acta Paediatr 2014;103(11):e501-506.

doi:10.1111/apa.12757.

Kwak L, Kremers SPJ, Bergman P, Ruiz PJ, Rizzo NS, Sjéstrom M. Associations
between  physical activity, fitness, and academic  achievement. J

Pediatr 2009;155(6):914-918. doi:10.1016/j.jpeds.2009.06.019.

Van Dijk ML, De Groot RH, Savelberg HH, Van Acker F, Kirschner PA. The
association between objectively measured physical activity and academic achievement
in Dutch adolescents: Findings from the GOALS Study. J Sport Exerc

Psychol 2014:36(5):460-473. doi:10.1123/jsep.2014-0014.

Ardoy DN, Fernandez-Rodriguez JM, Jiménez-Pavon D, Castillo R, Ruiz JR, Ortega
FB. A physical education trial improves adolescents’ cognitive performance and
academic achievement: the EDUFIT study. Scand J Med Sci Sports 2014;24(1):e52-61.

doi:10.1111/sms.12093.

Ericsson I, Karlsson MK. Motor skills and school performance in children with daily
physical education in school - a 9-year intervention study. Scand J Med Sci

Sports 2014;24(2):273-278. doi:10.1111/j.1600-0838.2012.01458.x.

Ericsson I, Cederberg M. Physical activity and school performance: a survey among
students not qualified for upper secondary school. Phys Educ Sport Pedagogy

2013;20(1):45-66. doi:10.1080/17408989.2013.788146.

17



398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

19.

20.

21.

22.

23.

24,

25.

Kantomaa MT, Stamatakis E, Kankaanpdd A, Kajantie E, Taanila A, Tammelin T.
Associations of physical activity and sedentary behavior with adolescent academic

achievement. J Res Adolesc 2016;26(3):432-442. doi:10.1111/jora.12203.

Marques A, Santos D, Hillman CH, Sardinha LB. How does academic achievement
relate to cardiorespiratory fitness, self-reported physical activity and objectively
reported physical activity: a systematic review in children and adolescents aged 6-18

years. Br J Sports Med 2018;52(16):1039. doi:10.1136/bjsports-2016-097361.

Syvéoja HJ, Kankaanpad A, Kallio J, et al. The relation of physical activity, sedentary
behaviors and academic achievement is mediated by fitness and bedtime. J Phys Act

Health 2018;15(2):135-143. d0i:10.1123/jpah.2017-0135.

World Health Organization. Global recommendations on physical activity for health.
Geneva, Switzerland: Author; 2010. Available at:
https://www.who.int/dietphysicalactivity/global-PA-recs-2010.pdf. Accessed 15 July

2018.

Cooper AR, Goodman A, Page AS, et al. Objectively measured physical activity and
sedentary time in youth: The International children’s accelerometry database (ICAD).
Int J Behav Nutr Phys Act 2015;12:113. doi:10.1186/s12966-015-0274-5.

Aaltonen S, Latvala A, Rose RJ, Kujala UM, Kaprio J, Silveitoinen K. Leisure-time
physical activity and academic performance: cross-lagged associations from
adolescence to young adulthood. Sci Rep 2016;6:39215. doi:10.1038/srep39215.
Oliveira T, Pizarro A, Costa M, et al. Cardiorespiratory fitness but not physical activity,
is associated with academic achievement in children and adolescents. Ann Hum

Biol 2017;44(4):309-315. doi:10.1080/03014460.2017.1308010.

18


https://www.who.int/dietphysicalactivity/global-PA-recs-2010.pdf

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

441

442

443

444

26.

27.

28.

29.

30.

31.

32.

33.

Evenson KR, Catellier DJ, Gill K, Ondrak KS, McMurray RG. Calibration of two
objective measures of physical activity for children. J Sports Sci 2008;26(14):1557-
1565. doi:10.1080/02640410802334196.

Trost SG, Mclver KL, Pate RR. Conducting accelerometer-based activity assessments
in field-based research. Med Sci Sports Exerc 2005;37(11Suppl):S531-543. doi:
10.1249/01.mss.0000185657.86065.98.

Mattocks C, Ness A, Leary S, et al. Use of accelerometers in a large field-based study
of children: protocols, design issues, and effects on precision. J Phys Act
Health 2008;5(Suppl1):S98-111. doi:10.1123/jpah.5.51.598.

Calahorro F, Torres-Luque G, LoOpez-Fernandez I, Santos-Lozano A, Garatachea N,
Alvarez E. Physical activity and accelerometer: methodological training,
recommendations and movement patterns in school. Nutr Hosp 2014;31(1):115-128.
d0i:10.3305/nh.2015.31.1.7450.

Boyce W, Torsheim T, Currie C, Zambon A. The family affluence scale as a measure
of national wealth: Validation of an adolescent self-report measure. Soc Indic
Res 2006;78:473-487. doi:10.1007/s11205-005-1607-6.

Kuczmarski RJ, Ogden CL, Guo SS, et al. 2000 CDC Growth Charts for the United
States: Methods and development. Vital Health Stat 11 2002;(246):1-190.

Preacher KJ, Hayes AF. Asymptotic and resampling strategies for assessing and
comparing indirect effects in multiple mediator models. Behav Res
Methods 2008;40(3):879-891. doi:10.3758/BRM.40.3.879.

Busch V, Laninga-Wijnen L, Schrijvers AJP, De Leeuw JRJ. Associations of health
behaviors, school performance and psychosocial problems in adolescents in The

Netherlands. Health Promot Int 2017;32(2):280-291. doi:10.1093/heapro/dav058.

19


http://dx.doi.org/10.1123/jpah.5.s1.s98

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

469

34.

35.

36.

37.

38.

39.

40.

Corder K, Atkin AJ, Bamber DJ, et al. Revising on the run or studying on the sofa:
prospective associations between physical activity, sedentary behaviour, and exam
results in British adolescents. Int J Behav Nutr Phys 2015;12:106. doi:10.1186/s12966-
015-0269-2.

Morales J, Pellicer-Chenoll M, Garcia-Massd X, Gomis M, Gonzalez LM. Relation
between physical activity and academic performance in 3rd-year secondary education
students. Percept Mot Skills 2011;113(2):539-546. doi:10.2466/06.11.13.PMS.113.5.
539-546.

Garcia D, Jimmefors A, Mousavi F, Adrianson L, Rosenberg P, Archer T. Self-
regulatory mode (locomotion and assessment), well-being (subjective and
psychological), and exercise behavior (frequency and intensity) in relation to high
school pupils’ academic achievement. PeerJ 2015;3:e847. doi:10.7717/peerj.847.

So W. Association between physical activity and academic performance in Korean
adolescent students. BMC Public Health 2012;12(1):258. doi:10.1186/1471-2458-12-
258.

Rombaldi AJ, Clark VL, Reichert FF, et al. Incidence of school failure according to
baseline leisure-time physical activity practice: prospective study. J Adolesc
Health 2012;51(6 Suppl):S22-26. doi:10.1016/j.jadohealth.2012.06.024.

Shin Y, So W. Association between physical inactivity and academic record in Korean
adolescents. Iran J Public Health 2012;41(10):36-42.

World Economic Forum. The Global Gender Gap Report. Geneva, Switzerland:
Author; 2018. Available at: http://www3.weforum.org/docs/WEF_GGGR_2018.pdf.

Accessed April 5, 2019.

20


http://dx.doi.org/10.1016/j.jadohealth.2012.06.024
http://www3.weforum.org/docs/WEF_GGGR_2018.pdf

470 TABLES
471
Table 1. Mean and Standard Deviation of Participants’ Marks and MVVPA Levels by
Gender.
All participants Boys Girls
N=301 n=140 n=161
Mean SD Mean SD Mean SD t d
Age 14.17 .63 14.21 .67 14.13 .59 -1.00 13
Language mark
5.88 2.08 5.37 1.93 6.33 2.12 4.06** -47
(0-10)
Mathematics
5.88 2.05 5.50 1.95 6.20 2.07 2.99** -35
mark (0-10)
Foreign language
6.12 2.24 5.63 1.96 6.56 2.38 3.73**  -43
mark (0-10)
All subjects mark
6.56 1.60 6.16 1.46 6.9 1.65 4.07** -48
(0-10)
MVPA on
) 61.30 2848 70.11 30.81 53.65 23.87 -5.13** .60
weekdays (min)
MVPA on
weekend days 43.19 36.71  45.87 39.68 40.87 33.88 -1.17 14
(min)
Weekly MVPA
] 56.31 27.84 63.48 30.75 50.06 2341 -4.21** 49
(min)
Notes: *= p< .05; **=p< .01
472
473
474
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475

476

477

Table 2. Regression Weights of Structural Equation Model.

Bootstrapping

Parameters 95% confidence interval
Estimates

Lower Higher

MVPA at weekends Gender 5.07 -2.05 13.31

MVPA on weekdays Gender 16.78** 11.75 22.55
MVPA at weekends Socioeconomic status -4.41 -12.08 3.49
MVPA on weekdays Socioeconomic status .33 -5.59 6.28
MVPA at weekends BMI -3.72 -8.87 2.28
MVPA on weekdays BMI -2.27 -7.42 3.04
Academic achievement MVPA on weekdays -.01* -.02 -.01
Academic achievement MVPA at weekends .004 -.002 .01
Academic achievement Socioeconomic status .34 -.01 71
Academic achievement Gender -.59* -.96 -.18
Academic achievement BMI -.56** -.88 -31
Language marks Academic achievement 1.00** 1.00 1.00
Foreign language marks ~ Academic achievement 97** .87 1.06
Mathematics marks Academic achievement 91** .84 1.01

Note: *= p<.05; **=p< .01
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Table 3. Summary of Model and Parameter Estimations.

Parameter estimations
Summary of model

Equation (standardised parameters)
R? F gll g2 Sig. Constant bl b2

Girls Linear .00 .23 1 148 .63 7.07 -.06
Quadratic .00 14 2 147 .87 6.95 .05 -.02

Boys Linear- .00 .00 1 123 .96 6.13 .01
Quadratic 06  4.12* 2 122 .02 4.49* 136  -.22*

All Linear .01 1.65 1 273 .20 6.84 -.10
participants Quadratic .02 3.29* 2 272 .04 5.94* .68 -13*

478

479  Note: *=p<.05
480

481
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Table 4. Academic Achievement Depending on Group of Compliance with MVPA

Recommendations. Multiple Comparisons from Scheffe Test.

Girls Boys
Group of Bootstrapping Bootstrapping
compliance with Difference of  95% confidence interval Difference 95% confidence interval
MVPA means of means
recommendations Lower Higher Lower Higher
2 .65 -.10 1.33 -.81 -1.61 .06
3 19 -.63 .93 -1.19* -2.02 -.32
: 4 -.66 -1.54 .30 -.32 -1.27 46
5 1.33* 12 2.72 -.34 -1.22 52
1 -.65 -1.33 10 .81 -.06 1.61
) 3 -47 -1.07 .26 -.38 -1.23 .39
4 -1.31* -2.15 -42 .50 -41 1.37
5 .68 -47 2.00 48 -.35 1.32
1 -.19 -.93 .63 1.19* .32 2.02
2 A7 -.26 1.07 .38 -.39 1.23
3 4 -.84 -1.79 12 87* .03 1.67
5 1.14 -.16 2.47 .85* .05 1.70
1 .66 -.30 1.54 .32 -.46 1.27
2 1.31* 42 2.15 -.50 -1.37 41
4 3 .84 -12 1.79 -.87* -1.67 -.03
5 1.98* 59 3.40 -.02 -74 81
1 -1.33* -2.72 -12 .34 -.52 1.22
2 -.68 -2.00 A7 -.48 -1.32 .35
° 3 -1.14 -2.47 .16 -.85* -1.70 -.05
4 -1.98* -3.40 -.59 .02 -.81 74

Notes: *=p<.05; 1= <30 minutes of MVPA per day; 2= 30-50 minutes of MVPA per day; 3= 50-70 minutes
of MVPA per day; 4= 70-90 minutes of MVPA per day; 5= >90 minutes of MVPA per day

482
483

484
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485  Figures
486

Figure 1. Summary of Structural Equation Model Outcomes. Standardised Estimations.

GENDER BMI SE STATUS

=16 LT

MVPA WE
01

09

MATHS FL LANG
T3 73 73

Notes: Straight line = significant estimate; Broken line = non-significant estimate; *=p<.05;
**=p<.01. Proportion of variance explained is shown below the name of each variable. Significant
standardised estimates are shown next to straight lines. BMI: Body mass index. SE_STATUS:
Socioeconomic status. MVPA_WD: Moderate-to-vigorous physical activity on weekdays.
MVPA_WE: Moderate-to-vigorous physical activity on weekend days. ACHIEVEMENT: Academic
achievement based on marks of three subjects (mathematics, foreign language and language and
literature). MATHS: Mathematics mark. FL: Foreign language mark. LANG: Language and literature
mark.
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