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Abstract
A literature review was conducted to investigate the effect of physical exercise and
physical training on cognition and academic performance in children and adolescents.
Nine randomized or quasi-randomized controlled trials with 2,013 participants were
identified by employing the following data sources: the Cochrane Register of
Controlled Trials, Medline, Eric, CINAHL, PsychINFO, and ISI Web of Knowledge.
Five studies indicated positive effects of physical exercise on attention, concentration,
and working memory, and three studies reported positive effects of 14 to 64 week
physical training on language and arithmetic skills. Thus, there is some evidence that
physical exercise may facilitate cognitive functions related to learning and enhance
academic performance.
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Introduction
An increasing number of children and adolescent in the Western world does not meet the
health promoting physical activity (PA) recommendations [1]. The decrease in PA in our everyday
life is related to many chronic diseases and risk factors such as type 2 diabetes mellitus and
obesity even in children [2], but growing evidence indicates that an increase in physical activity
may enhance cognitive functions at least in older adults [3]. However, more research is needed on
looking at the associations of PA with cognition and academic performance in children.
In addition to remarkable benefits on cardiovascular health, PA is known to have positive
effects on brain health and function [4]. PA is recently found to be a counter regulator against
cognitive decline due to Alzheimer´s disease [5] and it may prevent vascular dementia due to
atherosclerotic changes in cerebral vasculature in older adults [6]. PA is also associated with
improved cognition [7] and certain measures of academic skills in children [8]. In addition to regular
physical training, single bouts of physical exercise are associated with enhanced neuroelectrical
processes in the cortex and with improved cognitive control [9, 10] in adults and in children. Single
exercise bouts may also contribute to neural protection and synaptic plasticity due to increased
levels of the brain-derived neurotrophic factor (BDNF) [11].
In the view of public health, it is reasonable to support children´s cognitive development and
academic performance with increasing daily PA. As childhood obesity is today more prevalent in
the Western countries than a few decades ago [12,13], effective interventions for preventing and
treating overweight and obesity are needed. Evidence from the controlled training studies suggests
that PA decreases adiposity in overweight and obese children and may prevent weight gain in
normal weight children [14]. Additionally, a number of studies show that childhood obesity is
associated with poor academic performance and cognitive function in children and adolescents
[15, 16]. Also reversed associations between academic achievement and obesity have been found.
A recent study suggests that poor academic performance through childhood to adolescence is
associated with obesity among middle-aged Finnish women [17]. Thus, participating in physical
activities during childhood may support cognitive development and enhance academic
performance in childhood by improving cognitive functions or preventing overweight and obesity.
However, it is not proved that PA interventions designed to enhance cardiometabolic health in
children and adolescents are associated with improvements in cognitive functions and academic
performance.
The purpose of this systematic review is on overview of the evidence of the effect of PA
interventions on 1) cognitive ability such as concentration, attention, and memory, 2) academic
achievement such as arithmetic and language skills, and standardized test scores in children and
adolescents.

Material and Methods
Literature Search
Literature search (from 1966 to 2011) was conducted using Medline, PsycINFO, CINAHL, ISI
Web of Knowledge, Eric, and Cochrane Register of Controlled Trials using the PICO (population,
intervention, control/comparison, outcome) search method. Search words were: children,
adolescent, young, exercise, physical activity, physical training, sport, physical education,
academic performance, cognitive ability, cognition, memory, school performance, concentration,
attention. A repeated search was conducted in March 2012 to identify articles possibly missed
during the first search.
After computer-based search, a hand search for additional reports was made from reference
lists of earlier reviews [7, 8, 18]. The focus in the literature search was on randomized controlled
trials (RCTs). Only reports written in English were reviewed.
Inclusion Criteria
This review includes randomized intervention studies with parallel intervention and control
groups. The study concerning a single exercise bout should report data on physical exercise,
cognitive ability such as memory or attention, or academic performance in healthy school-aged

54

E. Haapala, Exercise, Cognition and Academic Performance

(7–18 years of age) children or adolescents. Physical training studies should report data about
standardized test scores or academic skills. Only studies on children without pathological states
were included. Included studies must also report both baseline and post intervention measures of
the key outcomes.
Quality Assessment
The methodological quality of included reports was assessed using the PEDro Scale. The
scale is based on the Delphi List [19]. A lower score (scale 0 to 11) indicates poorer
methodological quality of the trials; a higher score is indicative of higher methodological quality.
PEDro´s scale was chosen because it has fair to good reliability and it is easy to use, although it
has mainly been used in physiotherapy research [20].

Results
The electronic search yielded 101 potential articles. The search also yielded 15 review articles
and the reference lists of the latest of them were reviewed. Two additional articles were identified.
36 studies were excluded because they were not relevant to the topic, 42 studies were excluded
due to lack of a control group or being cross-sectional. Nine studies satisfied the inclusion criteria
and were included in this review. A summary of the included studies is presented in Tables 1 and 2.
Two thousand and thirteen children and adolescents aged 7 to 16 years participated in these
nine studies. In physical training studies the intervention duration varied from 14 to 64 weeks. The
mean PEDro´s score was 6.3 which represent moderately good methodological quality. There
were four trials which could be rated methodologically as high-quality with PEDro´s minimum score
of seven [21-24]. Although the scores from the PEDro´s scale revealed such high scores, there
were no studies reported faithfully according the CONSORT statement [25]. There were flaws in
reporting random allocation and blinding of outcome assessors. There was no systematic reporting
of adherence to exercise interventions. Only one training study reported a retention rate of 62%
[26].
Physical Exercise and Cognitive Function
Five studies examining the effect of exercise on cognitive variables were included (Table 1)
[22, 23, 27, 28, 29]. In one study, there was no no-exercise control group, but regular physical
education based intervention served as a control group [22].
Budde et al. [22] reported concentration as an outcome related to physical exercise. The
experimental group performed coordinative exercises for 10 minutes and the control condition
participated in regular physical education class for 10 minutes. Coordinative training contained
exercises for balance, reaction, adjustment, and differentiation skills. They found a significant
improvement in both groups, but the improvement in concentration was greater in the coordinative
exercise group. Further analysis revealed a greater improvement in the coordination group in the
standardized scores and mistakes related to the total count of answers.
Ellenberg and St-Louis-Deschénes [29] used choice response and reaction time as an
outcome in evaluating effects of physical exercise on concentration in 7- and 10-year-old boys.
Exercise intervention consisted of stationary cycling for 30 minute at the heart rate 130 beats per
minute while watching TV. Children in the control condition sat and watched TV for 30 minutes.
ANOVA revealed a significant difference between the exercise and the control group in both age
groups. Both 7- and 10-year-old boys participating in the exercise intervention improved
significantly in both measures. Neither age group in the control condition showed any improvement
in their results in any of the two measures.
McNaughten and Gabbard [28] conducted an experiment to evaluate the effect of exercise on
timed mathematical computation test in 11-year-old boys and girls. They stated that the test
measured mainly concentration. They assessed the effect of 20, 30 and 40-minute moderate
intensity walk compared with a no-exercise control condition. Assessments were made on three
separate week days at one of the following times, 8:30, 11:50 a.m. or 2:20 p.m. They found no
significant interaction between the control and intervention groups. Further analysis revealed
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a significant improvement in mathematical performance after 30 and 40-minute walking compared
to 20-minute exertion, but only at 11:50 a.m. and 2:20 p.m.
Budde et al. [23] showed a significant improvement in working memory in the Letter Digit Span
(LDS) task after 12-minute moderate intensity running in adolescents. They conducted trial with
three conditions: no-exercise control condition, moderate intensity exercise, and high intensity
exercise conditions. In the exercise conditions the participants ran at 50–60% or 70–85% of their
maximum heart rate (HRmax), respectively. The individual HRmax was defined using the shuttle
run test. All adolescents in the moderate intensity exercise group increased a total number of
correct answers. Neither high intensity exercise group nor control group showed improvements in
working memory. Additionally, adolescents with low working memory scores at baseline improved
their results after both moderate and high intensity exercise.
Zervas et al. [27] conducted a trial with three conditions: endurance trained, untrained, and
control condition. Endurance trained and untrained groups participated in a strenuous treadmill
exercise whereas control group participated in sedentary behaviors. Attention, alertness, and
concentration were assessed using the Cognitrone Test before and after the treadmill exercise.
The control group rested 60 minutes between the tests. Before the exercise test, endurance
trained group participated in a training program designed to improve cardiorespiratory fitness. At
the time of the test endurance trained group showed significantly higher VO2max compared to the
untrained group (difference 2.1 ml/kg*min). Their results did not show differences between the
groups which participated in the treadmill exercise, but both groups had more correct answers and
faster decision times in the post exercise test compared to the pre-exercise test. In contrast, the
no-exercise control group did not show improvement in answer accuracy, but also the control
group showed improvement in decision time.
Physical Training, Cognition, and Academic Performance
The literature search revealed four intervention studies concerning physical training and
academic performance [21, 24, 26, 30]. Summary of the included studies is presented in Table 2.
The positive effect of physical training on mathematical, reading, and language skills were
reported in three studies [24, 26, 30]. Ahamed et al. [30] did not find any differences between the
training and control group in a 16-month trial. Also Dwyer et al. [21] reported no differences in
arithmetic and reading scores between the physical training and control condition after a 14-week
trial. However, they reported better classroom behavior in children who participated in intensity
centered training. In addition, it should be taken in consideration that in Ahamed et al. study [30]
baseline scores in the intervention group were significantly lower than in the control group. Thus,
the intervention group had a greater increase in the Canadian Achievement Test (CAT) scores,
and the difference at the end of the study between two groups was insignificant.
Sallis et al. [26] conducted a 36-week randomized trial with three different groups. Two
exercise training groups were supervised by an exercise specialist or a trained classroom teacher,
and the control group. They assessed academic performance using Metropolitan Achievement
Test (MAT). The baseline MAT scores in their sample were higher than the national average. The
study consisted of two different cohorts which were recruited in two consecutive school years.
They reported higher achievement scores in language and reading in the training group taught by
an exercise specialist or a trained classroom teacher compared to the control group. In cohort 1
language and reading scores decreased in all three groups during the intervention period, but the
decrease was smaller in both training groups. There was a significant association between taking
part in the physical training program executed by an exercise specialist and reading scores. In
cohort 2 there was an association between total, language, and reading scores and participation in
the trained classroom teacher condition. In that group the decrease in academic scores was
smaller than in the two other conditions. In cohort 2 there was a negative association between
participating in the specialist condition and language scores compared to the two other conditions.
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99 healthy adolescents
aged 13–16 yrs old (80
males; 19 females)

10 minute coordinative
exercises

10 min of normal PE
lesson

Attention and
concentration; d2-test

36 boys (7 yrs old) and 36 boys
(10 yrs old)

30 min stationary cycling (5
min warm-up 5 min cool-down)
while watching TV at HR 130
bpm
Sitting still on the ergometer
while watching a TV-show for
40 min
Reaction time, concentration,
accuracy and choice response,
MatlabTM computerized device

120 sixth-grade students (60
boys, 60 girls) mean age 11.3
yr.

At IG: 20, 30 and 40 min
walking exercise at HR 120–145
bpm. Testing on 3 week days at
8:30, 11:50 a.m. or 2:20 p.m

Not stated

Mathematical skills; timed
mathematical computation test

59 healthy high school
students aged 15–16
yrs (33 males; 26
females)
Group 1: 12 min run at
50–60 % HRmax
Group 2: 12 min run at
70–85 % HRmax
Sedentary behavior for
12 min
Working memory;
Letter Digit Span (LDS)
task
Low intensity IG improved their results.
Also children with low pre-exercise LDS
scores improved their results
significantly after low- and high intensity
exercise.

18 boys aged 11-14 yr (9 monozygotic pairs) as
experimental group; 8 more boys (12–13 yrs old)
served as a control group

Both experimental groups were tested before and after
strenuous 20-min exertion on a treadmill. The 1st
experimental group participated in high-intensity 25-wk
training, three times a week: warm-up 15 min and 60 min
continuous or interval running + regular PE classes 2–3
times a week. The 2nd experimental group: curricular PE 2–3
times weekly

60 min rest between the pre- and post test.
Participation in curricular PE 2–3 times weekly

Mental performance; Cognitrone Test

Randomization stated in
methods

7

Budde et al., [22]
(Germany)

Randomization in methods
stated, no other details

7

Ellemberg & St-LouisDeschênes, [29] (Canada)

Solomon four-group design

3

McNaughten & Gabbard, [28]
(USA)

No between-group testing reported,
improvement in the mathematic
performance at 11:50 am and 2:20 pm
after 30 and 40 min exercise

Concealed allocation
by an outsider, no other
details given

8

Budde et al., [23]
(Germany)

The IG improved reaction time
significantly (7-yr-olds from 500 to 450
ms, 10-yr-olds from 400 to 350) and
choice response task (7-yr-olds 680 to
550, 10-yr-olds 500 to 450). No
improvement in the control group

Randomly assigned to two experimental groups;
control group not randomly chosen

5

Zervas et al., [27] (Greece)

Academic
outcome and
assessment

Control group

Exercise
intervention
group(s)

Sample

Randomization

PEDro´s
score

Reference
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Tab. 1. Summary of the effects of a single exercise bout on cognition

Results

Both groups significantly improved their
results.
Improvement in the total number of
answers IG was from 413.64 to 773.06
and in the control group from 430.42 to
452.1. Improvement in the standardized
test scores IG from 97.38 to 107.27 in
CG group from 99.48 to 103.27.

No significant differences between
groups. Both exercise intervention
groups improved significantly their posttest results compared to the pre-test in
correct answers; decision time
decreased significantly in all groups.
Trained groups correct answers from
20.7 to 23.4 and decision time 139 to
125 ms. Control group 22 to 23.3 and
145 to 128.

PE – physical education; IG – intervention group; HR – heart rate; HRmax – maximum heart rate; IG – intervention group
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36 weeks

955 students (aged 9 yrs) in 2 cohorts
Minimum 3 days/wk of 30 min standard SPARK
PElesson: 15 min HRF and 15 min motor skillfitness activity, taught by a trained teacher or a
PE specialist
Continuing usual PE program and request not to
begin a new mode of PA

MAT6- and MAT7-tests for reading, mathematics
and language skills

18 weeks
171 overweight (BMI > 85%ile) children
(44% boys; 56% girls, aged 7–11 yrs)
Extra-curricular exercise training: Low-dose
exercise group: 20 min/5 d/wk at
HRavg > 150 bpm. High-dose exercise
group: 40 min/5 d/wk at HRavg > 150 bpm
No exercise

Academic performance: WoodcockJohnson Test III; Cognitive performance:
the Cognitive Assesment System (CAS)

231 students (115 boys; 116 girls, aged 10 yrs)

Curricular exercise training. Fitness group: 75
min daily; focus on intensity and increase in HR.
Skill group: 75 min daily; focus on skills, not
intensity or prolonged exercise

Curricular PE three 30 min periods weekly

ACER arithmetic test, GAP reading test,
classroom behavior assessed by teachers with
KAB Child Behavior Scale

Cluster randomized by schools, no other details;
two different cohorts

Sallis et al. [26], (USA)

14 weeks

Concealed randomization

9

Cluster randomization by schools, no other
details

8

Davis et al., [24]
(USA)

Dwyer et al. [21]
(Australia)

Academic achievement;
Canadian Achievement
Test (CAT3)

Curricular PE (2*40
min/wk)

Classroom-based
activities continuous 15
min/5 d/wk + curricular
PE (2*40 min/wk)

288 students (143 boys;
145 girls, aged 9–11)

16 months

Cluster randomized by
school classes, no given
details

5

Ahamed et al. [30]
(Canada)

Cognitive or
academic
outcome and
assessment

Control group

Exercise
intervention
group(s)

Sample

Duration of the
intervention

Randomization

PEDro´s
score

Reference
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Tab. 2. Summary of the effects of physical training interventions on academic performance

Results

The exercise training group improved their test
results in CAT3 from 1595.4 to 1672.2. The
control group improved their scores from 1676.7
to 1686.6.
Statistically significant difference at the baseline
between the groups vanished during the
intervention.

Cohort 1: Post-test language scores differed
(p=0.04) between the trained teacher and control
conditions (pre-post difference -1.5 vs. 7.4).
Reading scores differed (p=0.02) between
specialist and control conditions (4.9 vs. -3.7).
Cohort 2: Basic battery scores differed (p=0.001)
between the trained teacher and both specialist
and control condition (-9.0 vs. -17.3 and -15.9).
The trained teacher and control condition
performed better in language compared to the
specialist condition (p=0.004) (-8.7 and -11.1 vs.
-18.0). The trained teacher condition performed
better in reading compared to the specialist and
control conditions (p=0.001)
(-16.3 vs. -21.8 and -22.3). The retention rate in
both cohorts combined was 62.1%

Planning scores were associated with
participation in low- and high dose IG.
Mathematic skills were positively associated with
physical training

No differences in the tests of arithmetics or
reading; the fitness group showed better
classroom behavior

PE – physical education; IG – intervention group; HRavg – average heart rate; HRF – health related fitness; PA – physical
activity; SPARK – Sport, Play, and Active Recreation for Kids; MVPA – moderate to vigorous physical activity
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Davis et al. [24] conducted an 18-week trial with obese children with the body mass index
(BMI) ≥ 85th percentile. They randomized the children into three conditions: no-exercise, low-dose
(20 min/day exercise), and high-dose (40 min/day exercise). They assessed cognitive ability and
academic performance using the Cognitive Assessment System (CAS) and Woodcock-Johnson
Test 3. Children in both exercise groups performed significantly better in the planning task which
requires effective executive functions than children in the control group. Children in the high-dose
training group showed enhanced performance in the mathematical test. They did not find
significant improvement in the reading scores or other fields of the CAS.

Discussion
This review highlights the benefits of single bouts of exercise on cognition. This review does
not support the idea that training interventions are highly effective for enhancing academic
performance. The earlier reviews [7-9,18] concerning both cross-sectional and prospective
exercise studies showed possible benefits of both short term exercise and long term training on
academic performance. However, results of the present review indicate that specific training
interventions seems to have only mild if any effect on such measures in children.
Single exercise bout improves cognitive function immediately after the exercise. The evidence
rising from the present review suggests improved concentration resources after 10 minutes of
moderate intensity exercise [22, 27, 28]. The dose response issue concerning exercise and
concentration is not clear, but the results indicate that moderate intensity exercise lasting 10 to 30
minutes is effective.
A single bout of moderate intensity exercise for 10 to 30 minutes was found to be associated
with improved executive function and working memory. No improvements were seen after
sedentary behavior or high intensity exercise [22, 23, 29]. Interestingly, aerobic physical training is
shown to enhance executive function like a single bout of exercise, but physical training seems to
be ineffective in improving working memory in young adults [31]. These acute improvements in
cognitive processes may be due to increased plasma catecholamine concentration [32] or
improved prefrontal activation [33]. Yanagisawa et al. [33] reported facilitated prefrontal cortex
activity in the Stroop test after moderate intensity exercise. Furthermore, moderate intensity
exercise increases cortical blood flow and oxygenation but maximal exercise causes
deoxygenation in the prefrontal, frontal, and motor cortices [34], and due to this mechanism or
others, strenuous exercise can cause fatigue and impair cognitive performance [35].
Physical training may improve academic performance in children and adolescents, but
evidence is lacking. The most convincing evidence supports that short intervention times, fewer
than 36 and 64 weeks, have little or no effect at all on academic performance. Thus, the included
studies may have been too short for bringing remarkable benefits on learning. However, Davis et
al. [24] showed promising results of the effect of physical activity on executive function and
increased prefrontal activity during a mental task after 18 weeks of training in obese children. This
finding is important because the prevalence of childhood obesity is increasing and obesity is
associated with lower executive processes in children and adolescents [16].
As is known, learning is a complex process which is affected by motivation and learning
readiness of the student but also external factors such as teachers and home environment. Thus,
longterm, perhaps lifelong physical training enhances brain function and development. Included
interventions were perhaps too short in duration to produce significant effects. It is also known that
cardiorespiratory fitness is associated with better academic performance [36]. There is not data
available on whether cardiorespiratory fitness differed significantly after the intervention period
between the control and training groups in the included studies.
However, a positive effect of cardiorespiratory fitness on brain function and academic
performance is supported in a large cohort study [37], and also Stroth et al. [38] showed interesting
results regarding cardiorespiratory fitness and cognitive functioning in adolescents. In their study
cardiorespiratory fitness, but not acute exercise, was related to more efficient executive control.
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Conclusion
Single bouts of exercise may enhance cognitive processes and academic performance in
children and adolescents. Exercise can improve concentration and working memory which may
increase academic performance in the long term. Learning is a complex neurobiological and social
process which can be affected by external factors such as parental education, school environment,
and socioeconomic status. Physical training can improve brain function, but major improvements in
cognition and academic performance may need longer interventions and lifelong physical training
of the amount and mode proper for age. Also cardiorespiratory fitness may play a role in learning
processes. There is a need for further research in longer intervention studies with more accurate
assessment tools for leisure time PA, sedentary behavior, and academic skills.
Acknowledgement
I would like to thank Katriina Kukkonen-Harjula for support and guidance with this manuscript and
Pauliina Jolanki-Nurminen for practical help.

References
1. Tammelin T, Ekelund U, Remes J, Nayha S. Physical activity and sedentary behaviors among Finnish
youth. Med Sci Sports Exerc 2007;39(7):1067-1074.
2. Janssen I, Leblanc AG. Systematic review of the health benefits of physical activity and fitness in schoolaged children and youth. Int J Behav Nutr Phys Act 2010;7:40.
3. Colcombe S, Kramer AF. Fitness effects on the cognitive function of older adults: a meta-analytic study.
Psychol Sci 2003;14(2):125-130.
4. Hillman CH, Erickson KI, Kramer AF. Be smart, exercise your heart: Exercise effects on brain and
cognition. Nat Rev Neurosci 2008;9(1):58-65.
5. Rovio S, Kareholt I, Viitanen M, et al. Work-related physical activity and the risk of dementia and
Alzheimer's disease. Int J Geriatr Psychiatry 2007;22(9):874-882.
6. Whitmer RA. Type 2 diabetes and risk of cognitive impairment and dementia. Curr Neurol Neurosci Rep
2007;7(5):373-380.
7. Sibley BA, Etnier JL. The relationship between physical activity and cognition in children: a metaanalysis. Pediatr Exerc Sci 2003;15(3):243-256.
8. Trudeau F, Shephard RJ. Physical education, school physical activity, school sports and academic
performance. Int J Behav Nutr Phys Act 2008;5:10.
9. Tomporowski PD. Effects of acute bouts of exercise on cognition. Acta Psychol 2003;112(3):297-324.
10. Hillman CH, Kamijo K, Scudder M. A review of chronic and acute physical activity participation on
neuroelectric measures of brain health and cognition during childhood. Prev Med 2011;52:21-28.
11. Knaepen K, Goekint M, Heyman EM, Meeusen R. Neuroplasticity – exercise-induced response of
peripheral brain-derived neurotrophic factor: a systematic review of experimental studies in human
subjects. Sports Med 2010;40(9):765-801.
12. Olds TS, Tomkinson GR, Ferrar KE, Maher CA. Trends in the prevalence of childhood overweight and
obesity in Australia between 1985 and 2008. Int J Obes 2010;34(1):57-66.
13. Ogden CL, Carroll MD, Kit BK, Flegal KM. Prevalence of obesity and trends in body mass index among
US children and adolescents, 1999-2010. JAMA 2012;307(5):483-490.
14. Physical Activity Guidelines Advisory Committee. Physical activity guidelines advisory committee report.
Washington, D.C. US; 2008.
15. Taras H, Potts-Datema W. Obesity and student performance at school. J Sch Health 2005;75(8):291295.
16. Li Y, Dai Q, Jackson JC, Zhong J. Overweight is associated with decreased cognitive functioning among
school-aged children and adolescents. Obesity 2008;16:1809-1815.
17. Alatupa S, Pulkki-Råback L, Hintsanen M, et al. School performance as a predictor of adulthood obesity:
a 21-year follow-up study. Eur J Epidemiol 2010;25(4):267-274.
18. Taras H. Physical activity and student performance at school. J Sch Health 2005;75(6):214-218.
19. Verhagen A, de Vet H, de Bie R, et al. The Delphi list: a criteria list for quality assessment of randomized
clinical trials for conducting systematic reviews developed by Delphi consensus. J Clin Epidemiol
1998;51:1235–1241.
20. Maher C, Sherrington C, Herbert R, Moseley A, Elkins M. Reliability of the PEDro Scale for rating quality
of randomized trials. Physical Therapy 2003;83:713-721.
21. Dwyer T, Coonan W, Leitch D, Hetzel B, Baghurst R. An investigation of the effects of daily physical
activity on the health of primary school students in South Australia. Int J Epidemiol 1983;12(3):308-313.

60

E. Haapala, Exercise, Cognition and Academic Performance

22. Budde H, Voelcker-Rehage C, Pietrassyk-Kendziorra S, Ribeiro P, Tidow G. Acute coordinative exercise
improves attentional performance in adolescents. Neurosci Lett 2008;441(2):219-223.
23. Budde H, Voelcker-Rehage C, Pietrassyk-Kendziorra S, Machado S, Ribeiro P, Arafat A. Steroid
hormones in the saliva of adolescents after different exercise intensities and their influence on working
memory in a school setting. Psychoneuroendocrinology 2010;35:382-391.
24. Davis CL, Tomporowski PD, McDowell JE, et al. Exercise improves executive function and achievement
and alters brain activation in overweight children: a randomized, controlled trial. Health Psychology
2011;30(1):91-98.
25. Moher D, Hopewell S, Schultz K, et al. CONSORT: 2010 explanation and elaboration: updated
guidelines for reporting parallel group randomized trials. J Clin Epidemiol 2010;63:e1-e37.
26. Sallis J, McKenzie T, Kolody B, Lewis M, Marshall S, Rosengard P. Effects of health-related physical
education on academic achievement: project SPARK. Res Q Exerc Sport 1999;70(2):127–134.
27. Zervas Y, Danis A, Klissouras V. Influence of physical exertion on mental performance with reference to
training. Percept Mot Skills 1991;72(3):1215-1221.
28. McNaughten D, Gabbard C. Physical exertion and immediate mental performance of sixth-grade
children. Percept Mot Skills 1993;77(3):1155-1159.
29. Ellenberg D, St-Louis-Deschenes M. The effect of acute physical exercise on cognitive function during
development. Psych Sport Exerc 2010;11:122-126.
30. Ahamed Y, Macdonald H, Reed K, Naylor P, Liu-Ambrose T, McKay H. School-based physical activity
does not compromise children's academic performance. Med Sci Sports Exerc 2007;39(2):371-376.
31. Smith PJ, Blumenthal JA, Hoffman BM, et al. Aerobic exercise and neurocognitive performance: a metaanalytic review of randomized controlled trials. Psychosom Med 2010;72:239–252.
32. Chmura J, Nazar K, Kaciuba-Uściłko H. Choice reaction time during graded exercise in relation to
bloodlactate and plasma catecholamine thresholds. Int J Sports Med 1994;15:172-176.
33. Yanagisawa H, Dan I, Tsuzuki D, et al. Acute moderate exercise elicits increased dorsolateral prefrontal
activation and improves cognitive performance with Stroop test. Neuroimage 2010;50(4):1702-1710.
34. Ekkekakis P. Illuminating the Black Box: Investigating prefrontal cortical hemodynamics during exercise
with near-infrared spectroscopy. J Sport Exercise Psychol 2009;31(4):505-553.
35. Zervas Y, Stambulova N. Physical activity and cognitive Functioning. In: Auweele YV, editor. Psychology
for physical educators Champaign (Ill.): Human Kinetics; 1999. p. 154.
36. Castelli DM, Hillman CH, Buck SM, Erwin HE. Physical fitness and academic achievement in third- and
fifth-grade students. J Sport Exercise Psychol 2007;29(2):239-252.
37. Aberg MAI, Pedersen N, Torén K, et al. Cardiovascular fitness is associated with cognition in young
adulthood. Proc Natl Acad Sci USA 2009;106(49):20906-11.
38. Stroth S, Kubesch S, Dieterle K, Ruchsow M, Heim R, Kiefer M. Physical fitness, but not acute exercise
modulates event-related potential indices for executive control in healthy adolescents. Brain Res
2009;1269:114-124.

61

