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Review of Literature  

Participation in habitual physical activity reduces the incidence of cardiovascular disease 

(Winter, 2008), osteoporosis (Rakel, 2008), cancer (Newton & Galvao, 2008) and Type 2 

Diabetes (Rakel, 2008). Not surprisingly, increased participation in physical activity is inversely 

correlated with all-cause mortality (Paffenbarger, 1986).  

Exercise has also demonstrated positive effects on several indices of mental health 

(Morgan, 1984). Indeed, the effectiveness of physical activity on reducing symptoms of 

depression and anxiety have been extensively reviewed (Dunn et al. 2001; Teychenne et al. 

2008; Brosse et al. 2002; Suh et al. 2002; North et al. 1990) and have been found to occur 

regardless of exercise type (aerobic or resistance training; Martinsen et al. 1990; Singh et al. 

1997). The therapeutic effect of physical activity on depression has been shown to be as effective 

as conventional pharmacotherapy (Blumenthal et al 2007), although the level of intensity and 

type of exercise may mediate the effectiveness of the exercise session (Dunn et al. 2001). 

Moreover, even an acute bout of exercise has been shown to improve mood to at least some 

degree, in 85% of studies that have investigated this topic (Yeung, 1996), irrespective of exercise 

mode, duration or intensity.  

Although the relationship between physical fitness and cognitive function has long been 

established (Elsayed, Ismail & Young, 1980), this area has gained greater attention in recent 

years. A major field of study within the realm of physical activity and cognition is aging-

associated declines in cognitive function. Research has identified reduced age-related brain 

atrophy among those who are physically active than those who are sedentary (Etnier, 2006; 

Churchill, 2002; Winter, 2007). Furthermore, habitual exercise is associated with reduced risk 

for several age related neurodegenerative diseases including dementia, Parkinson’s disease and 

Alzheimer’s (Winter et al. 2007; Chang, 2008).  Indeed a large Canadian study of over 9000 

aged males and females found that even moderate levels of physical activity reduce the risk of 

cognitive impairment by approximately 40% and halve the risk of developing Alzheimer’s 

disease (Laurin et al., 2001). These findings have since been supported by subsequent studies 

conducted in the U.S. (Lytle et al. 2004; Podewils et al., 2005). These positive effects of exercise 

on cognition are believed to be long-term, given that exercise begun during adolescence can 

contribute to a healthy cognitive life in old age (Nichol, 2007). It is also important to note that a 
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higher level of physical fitness is linked with improved academic performance among students 

from elementary through high-school. For instance, two large national studies in Australia 

(Dwyer et al., 2001) and Korea (Kim et al., 2003), along with smaller studies in the U.S. (Knight 

& Rizzuto, 1993; Castelli et al., 2007) found physical fitness scores to demonstrate a significant 

positive relationship to academic performance.  

While the positive association between habitual physical activity and cognition is now 

well entrenched in the scientific community, the underlying mediators of such an association are 

yet to be established. A number of mechanisms have been proposed including increased 

neurogenesis (Uda et al., 2006; Kronenberg et al., 2006) and improved neuronal plasticity 

(Vaynman & Gomez-Pinilla, 2005; Cotman & Berchtold, 2002), possibly as a result of increases 

in brain-derived neurotrophic factor (BDNF) which are observed after a bout of exercise (Alaei, 

2007). Another prominent theory is the cardiovascular (aerobic) fitness hypothesis, which 

suggests that the underlying physiological adaptations to exercise training also mediate the 

mental health benefits of physical activity (North et al. 1990). These physiological adaptations 

include improved oxygen delivery to peripheral tissues through increased cardiac output, 

increased capillarization and greater a-vO2 differences (McArdle, Katch & Katch, 2001). As 

applied to cognitive performance, these gains in cardiovascular fitness are thought to be 

associated with changes in cerebral structure (Colcombe et al, 2003) and cerebral blood flow 

(Endres et al., 2003; Swain et al., 2003) which have by themselves been shown to influence 

cognitive function (Brown et al., 1996). In support of this theory, hypertension is strongly 

associated with reduced cognitive performance (Gatto et al., 2008; Fillit et al., 2008; Van den 

Berg et al., 2008). It is important to note that not all studies support the cardiovascular fitness 

hypothesis of cognition. In a meta-analytic review, Etnier et al. (1997) coded studies for 

variables that should be predictive of larger aerobic fitness gains (e.g. number of weeks of 

training etc.) and showed that none of these variables were predictive of the size of the gains in 

cognitive performance. A finding which was interpreted as indirect evidence against the 

cardiovascular fitness hypothesis. More recently, this association was directly examined using a 

meta-regression technique to statistically test the relationship between aerobic fitness and 

cognitive performance (Etnier et al., 2006). The findings of this review concluded that the 

empirical literature does not support the cardiovascular fitness hypothesis. It is interesting to 

note, that previous research investigating this topic has also failed to support the existence of a 



     Castaneda, Nicole 

 

4 

 

relationship between obesity, a condition commonly associated with reduced cardiovascular 

fitness (McArdle, Katch & Katch, 2001), and cognitive performance (Gatto et al., 2008). This is 

important considering that research has shown decrements in cognitive performance in 

individuals with Metabolic Syndrome (Gatto et al., 2008), Type 2 Diabetes and Hypertension 

(Fillit et al., 2008; Van den Berg et al., 2008), conditions which are often associated with obesity. 

Indeed, one may interpret these findings as being indicative that it may not necessarily be simply 

the lack of cardiovascular fitness, but more specifically, the co-existence of complications 

associated with reduced cardiovascular fitness.  

Previous research has also demonstrated acute improvements in some, but not all, 

cognitive processes in response to a single bout of exercise. There is strong evidence for 

facilitation of lower-level processing such as stimulus identification and selection during (Adam 

et al., 1997; Allard et al., 1989; Davranche & Audiffren, 2004; McMorris & Graydon, 1997) and 

immediately after (Fleury & Bard, 1987; Fleury et al., 1981; Hogervorst et al., 1996) exercise. 

However the effect of a single bout of exercise on higher mental processes; which include 

thinking, reasoning, decision-making, problem-solving; is less clear.  For instance, executive 

function encompasses decision making, goal planning and choice behavior and has for this 

reason been commonly employed in research investigating the effects of exercise on cognition. 

However, research has reported that exercise has either no effect on (Travlos & Marisi, 1995), 

debilitates (Dietrich & Sparling, 2004) or enhances (Pass & Adam, 1991; Pesce, Capranica, 

Tessitore, & Figura, 2003) executive processing. Similarly, some researchers report that 

participants’ executive processing improves immediately after exercise (Hogervorst et al., 1996; 

Kubesch et al., 2003; Tomporowski et al., 2005), while other researchers report no behavioral 

effect (Tomporowski & Ganio, 2006). Executive attention can be thought of as an attentional 

capability that allows for the active maintenance of memory representations, such as action 

plans, goal states, or task-relevant stimuli, in the face of interference (Kaine & Engle, 2003). 

Executive attention is thought to be at the heart of working memory (Sibley & Beilock, 2007). 

In order to understand the effects of exercise on memory, it is timely to briefly review the 

theories attached to memory. It is important to note that a detailed account of memory is beyond 

the scope of this paper, and therefore only a very brief description of memory is included. For a 

more detailed account on memory and the various theories surrounding memory, the reader is 
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referred to Jonides et al. (2008) or Bjork and Bjork (1998). Indeed, vast theoretical debate 

surrounds the structure of memory systems, however compelling evidence for at least two types 

of memory storage systems exist: short-term memory and long-term memory (Kellogg, 1995). 

These memory systems are essentially defined by the amount of information that may be stored 

and the length of time that the information is stored for. Long-term memories are maintained by 

relatively stable and permanent changes in neural connections widely spread throughout the 

brain. Short-term memory on the other hand, is supported by transient patterns of neuronal 

communication, dependent on regions of the frontal and parietal lobe. The construct of general 

short-term memory has been replaced by the concept of Working Memory in a number of 

theoretical models, but not all (Baddeley & Hitch, 1974). Despite this, working memory is 

generally accepted as pertaining to a theoretical framework that refers to structures and processes 

used for temporarily storing and manipulating information (as distinct to short-term memory 

which pertains to short-term storage of information only).  Working memory has two main 

components; including maintenance, which is the ability to hold information from the short term 

memory, and manipulation, which is the ability to work using that information.  Working 

memory is therefore one of our most crucial cognitive capabilities, essential for countless daily 

tasks like following directions, remembering information momentarily, complex reasoning or 

staying focused on a particular task. Most researchers agree that the frontal cortex, parietal 

cortex, anterior cingulate, and parts of the basal ganglia are crucial for functioning.  Intriguingly, 

imaging studies conducted on the brain have identified less age-related brain atrophy in the 

frontal, parietal and temporal regions of the brain (Colcombe et al., 2003). Given that working 

memory may be considered both as a general cognitive construct as well as an individual 

difference measure, it seems like an ideal candidate to assess the relationship between a single 

bout of exercise and cognition (Sibley & Beilock, 2007). 

The purpose of this study therefore, was to assess the effect of a single bout of exercise 

on performance of the working-memory system. While previous research has focused on 

assessing the change in cognitive performance either during or immediately after a single bout of 

exercise, this research extends this line of research by including a subsequent 20-min and 60-min 

post-exercise testing session, which to the authors’ knowledge has not previously been 

investigated. Given that the intensity of exercise may influence subsequent cognitive 

performance (Tamporowski, 2003), participants were asked to self-select intensity during the 
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exercise bout, in order to preserve the practicality and applicability of the research findings 

(intensity of exercise sessions conducted outside of the laboratory are typically self-selected). 

We hypothesize that a single bout of exercise will increase cognitive performance during a 

working-memory task, although a large variance between individuals will be observed, and that 

those individuals with the lowest performance scores on the task will demonstrate the greatest 

improvements (Sibley & Beilock, 2007). 

 

Methods and Procedures 

Participants 

Thirteen young adults (23.3 ± 3.8 y; 10 females and 3 males) were recruited from the 

university community by advertisements posted around campus.  Volunteers were initially 

screened for contraindications to exercise (e.g. orthopedic complications). The participants’ 

mean physical characteristics are summarized in table 1.   

 
Table 1. Participants’ mean physical characteristics by group and sex (F = female and M = Male). Where 

appropriate, mean physical characteristic-scores were obtained by averaging results across days.  

 

Physical Characteristics Mean ± SD   

Height (cm) 165.7 ± 7.9 (F: 164.0 ± 8.4; M: 171.2 ± 2.0) 

Weight (kg) 67.4 ± 19.3 (F: 66.3 ± 21.9; M: 71.4 ± 7.4) 

BMI 24.3 ± 5.0 (F: 24.2 ± 5.6; M: 24.4 ± 2.8) 

Systolic BP (mmHg) 109.5 ± 10.1 (F: 108.6 ± 10.9; M: 112.3 ± 8.1) 

Diastolic BP (mmHg) 63.1 ± 4.8 (F: 62.4 ± 5.3; M: 65.3 ± 0.6) 

Percent Body Fat (%) 30.1 ± 11.0 (F: 33.6 ± 9.9; M: 18.6 ± 4.6) 

VO2 max (ml/kg/min) 41.6 ± 12.3 (F: 38.1 ± 7.4; M: 53.1 ± 19.9) 
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Experimental Design 

Each Participant attended the Human Performance laboratory on three separate 

occasions. During a potential participant's first visit, details of the study were explained and a 

statement of informed consent, which was approved by the Syracuse University Institutional 

Review Board, was signed. Thereafter, a medical history (including PAR-Q) was completed on 

each subject. Once obtained, physical measurements (height; weight; resting blood pressure and 

heart rate) were taken and the participant familiarized with the computerized cognitive tasks. The 

cognitive tasks were first explained to the participant prior to allowing the participant to 

complete as many trials as they deemed necessary for familiarization. Percent body-fat was then 

measured using a BIA-101Q hand-to-foot bioelectrical impedance analyzer. Electrodes were 

placed on the hand and on the foot in accordance with the specifications of the BIA analyzer. 

BIA measurement was conducted with the subject in a prone position. No volunteer was 

excluded from the study. 

Two cognitive tasks were utilized during this study, one task was adopted to assess 

memory while the other task was used to assess processing speed. Participants’ were first 

presented with the computerized number match task to assess processing speed (Conway et al., 

2002). Participants were presented with 40 number-matching trials, with either 3-, 6- or 9-digit 

number strings. Each number matching trial was presented on the computer screen in size 40-

font and the strings presented one above the other. The participants were required to depress the 

left-mouse button if the number-strings did not match, and the right mouse-button if the number-

strings matched. The stimuli lists were counterbalanced to minimize the effect of occasion, and 

each participant asked to complete the trial as quickly as possible. The second computer test was 

a spatial span task. This test is designed to assess short-term memory but is well correlated to 
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specific tests of working memory and has the advantage of minimizing possible practice-effects 

(Smyth & Scholey, 1994). This test involves a recall of a series of "Xs" which appear in different 

parts of a 4x4 grid. The string of "Xs" to recall varied from 3-7 wherein two trials of each was 

presented. The subjects were required to watch the "Xs" appear and were then asked to mimic 

the order of presentation of the "Xs" by clicking the mouse button on each square that had an 

"X" appear within it. Participants were provided with as much time as they needed to complete 

the task. The "Xs" were presented in a standard black font size 40.   

Participants were then provided with the Physical Activity Enjoyment Scale (PACES) 

and asked to complete the scale. The information from the PACES scale during the first visit was 

kept but not used in the analyses and served primarily as a familiarization for the subjects. The 

PACES scale is a valid and reliable tool used during exercise (Kendzierski & DeCarlo, 1991) but 

not during the resting state. Participants were then provided with pre-test instructions including 

avoidance of caffeine and food for two hours prior to test and no exercise for 12 hours prior to 

testing.   

Participants were then assigned to either complete the exercise or control condition day 

using a counterbalanced design. On each experimental day, participants arrived at the Laboratory 

and were allowed to sit and rest for a minimum of ten minutes prior to beginning the study. The 

participants’ body-fat percentage was taken using the BIA as described above. A Polar® heart 

rate monitor was then attached to the subject along with an automated blood pressure monitor 

around the subject’s left wrist. Once heart rate and blood pressure (Systolic) reached values 

within 5% of the familiarization day or lower (maximum acclimation period of thirty minutes; 

heart rate (HR) and blood pressure (BP) scores were reported and analyzed) the participant was 

asked to complete the computerized cognitive tasks. The participant then completed the exercise 
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task, during which HR (every min) and BP (every 3
rd

 min) were monitored, along with the 

participants Rate of Perceived exertion (RPE). The exercise bout consisted of a mixed design, 

wherein the first 12 min consisted of a sub-maximal fitness test for VO2 max estimation 

(YMCA-protocol; American College of Sports Medicine, 2005) and the subsequent 18 min 

consisted of the subject cycling at a self-selected workload. The cadence was kept at 50 

revolutions per minute (rpm) throughout the test. The workloads during the YMCA fitness test 

were progressed as follows:  

1
st
 stage: The workload was set at 25 Watts. The HR in the last 2 min was then averaged 

and the workload adjusted according to the following: 

 HR < 80 HR 80-89 HR 90-100 HR > 100  

2
nd

 stage 125 watts  

(2.5 kg) 

100 watts 

(2.0 kg) 

75 watts 

(1.5 kg) 

50 watts 

(1.0 kg) 

3
rd

 stage 150 watts 

(3.0 kg) 

125 watts 

(2.5 kg) 

100 watts 

(2.0 kg) 

75 watts 

(1.5 kg) 

4
th

 stage 175 watts 

(3.5 kg) 

140 watts 

(3.0 kg) 

125 watts 

(2.5 kg) 

100 watts 

(2.0 kg)  

 

 

Each stage lasted for three min so that the complete exercise test lasted for twelve 

minutes; on some occasions, a steady state HR was not obtained within the three min and 

therefore a stage may have lasted 4 min. At the completion of the test the participant continued to 

cycle and was allowed to self-select their workload for the remainder of the test. Each participant 

cycled for a total of 30 min. The workload, HR and BP was monitored throughout the remaining 

test and recorded, the cadence was maintained at 50 rpm. In the last three minutes of exercise, 

the participant was required to complete the PACES scale. Immediately following the exercise 

(within 2 minutes of cessation) the participant conducted the cognitive testing (considered time-0 

in all graphs and tables) and again at 20- and 60-min after exercise.  
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The control day followed a similar design to the experimental day. However rather than 

exercising, participants were asked to sit and engage in casual conversation; HR and BP were 

recorded throughout this period and in the last three minutes the participant was again required to 

complete the PACES scale, however instructions for completion included “imagine yourself 

cycling on a bike”. The purpose of completing the PACES scale during the control day was to 

maintain consistency between trials. The cognitive testing was conducted as described above.  

Data Analysis 

Means and standard deviations were calculated for all variables unless otherwise stated. 

A two-way (Intervention) Analysis of Variance (ANOVA) with repeated measures (Time) was 

employed to assess differences in cognitive performance (memory and processing speed). A 

repeated measures (Time) one-way ANOVA was used to test for any significant differences in 

physiological variables (BP and HR) and RPE in response to exercise. Significant interaction 

effects were followed up with a Bonferroni alpha-corrected t-test post Hoc. Performance in each 

of the cognitive tasks at rest (processing speed and working memory task; averaged across 

intervention days) were individually compared with BMI, BP (resting) and VO2 max using 

Pearson’s correlations; all of the reported p-values were 2-sided. An alpha of 0.05 was used for 

significance tests.       

Results 

Intensity of Exercise 

The relative intensity of exercise is shown in Table 2. In response to the 30-min exercise 

bout, both systolic and diastolic BP as well as HR increased significantly (Fig. 1).  The RPE 

exertion increased significantly during the exercise bout (Fig 2). Heart rate was significantly 
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correlated with RPE throughout the exercise bout (r=0.5594; p<0.001).  There was no correlation 

between fitness level (VO2 max) or exercise intensity with either the positive or negative scores 

on the PACES scale. 

Table 2. Intensity of Exercise as assessed by total workload, percentage of HRmax, percent of VO2 max and 

RPE.   

 

Exercise Intensity Mean ± SD   

Total Workload (kg.m/min) 570.7 ± 185.7 

Relative percent of HRmax (%) 65.8 ± 7.5 

Relative VO2 max (%) 56.3 ± 7.7 

RPE 10.7 ± 1.3 
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Figure 1. Heart rate (top figure) and blood pressure (lower figure) response to exercise. 

There was a main effect of exercise on blood pressure and heart rate. * indicates significant difference from 

3-min.   
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Figure 2. RPE responses provided by participants throughout the exercise bout.  *indicates 

significant difference from 3-min. 

 

The Effect of Exercise on Cognition 

Although exercise was associated with a non-significant improvement (7.7%) in 

processing speed when compared to the control day (4.6%), there were no observed effects of 

exercise on the speed processing task (Fig 3). In addition, the accuracy associated with the 

processing task was not different between treatments (Fig 4). Likewise, there was no facilitation 

of the working memory task adopted during this study as is indicated in Fig 5 and Fig 6.  

* 
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Figure 3. Reaction time during the processing speed task pre-exercise (time -30 min), 0-,  20- and 

60-min post-exercise.  
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Figure 4. Processing accuracy during the processing speed task pre-exercise (time- 30min), 

0-, 20- and 60-min post-exercise.  
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Figure 5. Accuracy during the spatial memory task at pre-exercise (time-30min), 0-, 20-  and 60-

min post-exercise.  Raw score counts all correct results despite incorrect order.  
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Figure 6. Accuracy during the spatial memory task at pre-exercise (time-30min), 0-, 20-  and 60-

min post-exercise time-points. Strict score counts only those results placed in  correct order.   
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Discussion 

  While there is clear evidence that habitual exercise is well correlated with improved 

cognition (Elsayed, Ismail & Young, 1980), the role of an acute bout of exercise on cognitive 

performance is less clear (Hillman, 2003; Cotman & Berchtold, 2007; Kamijo et al., 2007). This 

study sought to investigate the impact of a 30-min cycle exercise bout on processing speed and a 

short-term memory task, specifically targeting working memory, in a group of young adults. 

While we hypothesized that an acute exercise bout would facilitate performance in these 

cognitive tasks, the results of this investigation do not support this hypothesis.  

The 30-min exercise bout adopted in this study resulted in significant physiological 

changes, as is indicated by significant increases in heart rate and blood pressure (Fig 1), as well 

as significant increases in the perceived rate of Exertion (Fig 2). The average exercise intensity 

(56.3 ± 7.7%) of this exercise bout was comparable to previous literature (Arcelin et al., 1997; 

Delignieres et al., 1995).  Indeed, several studies adopting this level of intensity have reported 

improvements in participants’ cognitive performance (Tamporoski, 2003). It is noteworthy 

however, that the results of this study are well supported by previous literature that have not 

found facilitation in cognitive performance following exercise (Bard and Fleury, 1978; Cote et 

al., 1992; Allard et al., 1989). 

The underlying explanation for the conflicting results in the literature assessing the role 

of acute exercise on cognitive performance is not understood. Indeed, even upon inspection of 

the Reviews of Literature (Tamporowski, 2003; Tamporowski and Ellis, 1986; McMorris and 

Graydon, 2000) and a meta-analysis (Etnier et al. 1997) covering this field, it becomes evident 

that previous research is contradictory. One possible explanation for differences observed in the 

research is the type of exercise adopted within any given study. Some researchers have 



     Castaneda, Nicole 

 

16 

 

previously utilized treadmill exercise while the majority of research has adopted cycle exercise. 

However, when studies are categorized based on the type of exercise recruited within any given 

study, no clear trends emerge. It has also been suggested that the duration of exercise may have 

an effect (Sibley & Beilock, 2007). But again, when studies are separated based on aerobic or 

anaerobic exercise bouts of varying durations, no clear trends emerge.   

One factor that may account for the lack of consistency among studies examining the 

acute effects of exercise on cognitive performance is the type of cognitive task that is being 

conducted. Cognitive functioning is multifaceted and difficult to assess, in particular when one 

attempts to assess memory processes. The majority of studies seem to suggest that exercise does 

facilitate processing speed, without jeopardizing processing accuracy (Tamporowski, 2003). This 

was assessed in this current study and the results from our research do not support this theory. 

Interestingly, there was a trend for processing speed to increase (non-significantly) immediately 

after the exercise bout (Fig 3), however by 20- and 60-min after exercise it seemed as though 

there may have been a slight (non-significant) decrement in processing speed. Indeed, it is 

important to highlight that this is the first study, to the authors’ knowledge, to investigate the 

effects of exercise on cognitive performance beyond 20-min after exercise.           

The effects of exercise on short-term memory, including working memory, are even less 

well developed. The findings in this study that exercise did not facilitate working memory is 

supported by research from (Bard & Fleury, 1978; Cote et al, 1992;Sjoberg, 1980).  

Even within any given study, there is a large variance with respect to improvements as 

well as decrements in cognitive function following an acute bout of exercise (Tamporowski, 

2003). The effect of individual differences have been assessed previously based on both fitness 

(Heckler & Croce, 1992; Delignieres et al., 1995) and cognitive performance (Sibley and 
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Beilock, 2007). Particularly relevant to this study are the findings of Sibley and Beilock (2007) 

who investigated the impact of an acute bout of exercise on working memory performance and 

more specifically, whether individuals who are higher or lower in working memory to begin with 

would be more or less affected by the acute exercise bout. The exercise protocol chosen for that 

study was a 30-min self-paced treadmill session and cognitive performance was assessed both 

prior to and immediately after the exercise bout. Their findings revealed a significant session by 

working memory interaction indicating that only individuals with the lowest working memory 

benefited from the acute exercise bout. This finding is highly relevant to this current 

investigation given that our participant pool consisted of undergraduate and graduate level 

University students, where one would assume greater cognitive performance to begin with. 

Indeed, a correlational analysis between initial cognitive performance and the impact of exercise 

(both relative [%] and absolute change [sum-score] in cognitive performance post-exercise) were 

conducted (results not shown) in this study, and indicated that there was no trend observed. This 

may however be one reason for the lack of significant differences observed within this study. 

Moreover, the number of participants recruited in this study (n=13) may not have been enough to 

observe significant effects given that previous experiments have used a mean of 25 participants 

(min=8; max=118; based on Tamporowski, 2003 review). However, given the experimental 

design adopted within this study (counterbalanced cross-over design), as well as the fact that 

other experiments that recruited just 9 and 10 participants found significant differences in 

facilitation of speed and mental arithmetic (Salmela and Ndoye, 1986; Reilly and Smith, 1986;  

McMorris et al., 1991) studies; we would anticipate, at the very least, a trend for improvement in 

cognitive performance.  
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Overall, previous studies have demonstrated mixed results regarding the effects of 

exercise on cognitive performance. The findings of this current study suggest that neither 

working memory nor processing speed is improved in a group of University students following 

an acute bout of exercise. Further research is required to determine the underlying mechanisms 

that tie performance improvements and decrements to exercise, in the aim of prescribing a 

specific type, duration and intensity of exercise for cognitive functioning. Once this has been 

established, the impact of exercise on cognitive performance in children and adolescents needs to 

be described, in order to ascertain whether these findings carry-over to this population.  
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