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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 
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(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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Tab. 1. Summary of the effects of a single exercise bout on cognition 
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Tab. 2. Summary of the effects of physical training interventions on academic performance 
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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 



E. Haapala, Exercise, Cognition and Academic Performance 
 

 59

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 school-

aged 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 meta-

analysis. 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):291-
295. 

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. 



E. Haapala, Exercise, Cognition and Academic Performance 
 

 61

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 meta-
analytic 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. 

 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




