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 EFFECTS OF PHYSICAL FITNESS ON ATTENTION, MEMORY AND DECISION  
 

MAKING IN CHILDREN 
 

Comfort Jazzman Mokgothu, PhD 

University of Pittsburgh, 2007

The aim of this study was to determine whether there was a relationship between level of fitness 

and the information processing components of attention, memory and decision making in 

children. Based on existing evidence from studies on adults, it was predicted that higher-fit 

children would perform better on attention, memory and decision making tasks than their low-fit 

counterparts. It was predicted that higher-fit subjects would perform better than their lower-fit 

counterparts on: i) attention (dual task-tracking and discrete simple reaction time tasks),  

 ii) memory (numeric vigilance and probed memory tasks), iii) decision making (discrete-6 

choice reaction time tasks, and iv) executive function (Tower of Hanoi). Forty-seven male 

children from a local middle school were selected for the study. Based upon a cycle ergometer 

test, the top twenty receiving the highest fitness scores and the twenty with the lowest scores 

were selected to complete the cognitive tests. Subjects were required to perform six cognitive 

tests on a computer. Fitness level (higher-fit and lower-fit) was the main independent variable 

while the dependent variables were VO2 max, fat percentage, resting heart rate and the measures 

from the cognitive tests. First, a fitness level ANOVA with predicted VO2 max indicated that the 

groups did differ on the level of fitness. A group x memory capacity (8, 10) with repeated 

measures on memory length and a group x duration (80,100) with repeated measures on time 

were computed.  The remaining dependent variables were analyzed by a fitness group ANOVA.  

The fitness level did not differentiate the subjects on attention, memory or decision making. 

There was a trend for the higher-fit to perform better than the lower-fit on simple and choice
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movement times, memory capacity and duration tests. Thus, the effects of aerobic fitness level 

on attention and memory capacity displayed a trend for higher-fit children to be slightly better 

than lower-fit children; however, these differences were not significant. Further studies need to 

continue to explore whether aerobic fitness levels have an impact on the components of 

children’s information processing. 
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1.0   INTRODUCTION 

A physical fit and active lifestyle is not only being widely recognized but is also becoming one 

of the most vital health prescriptions for both young and old individuals. Research studies 

(Powell, Thompson, Casperson & Kendrick, 1987; Wei, Gibbons, Kampert, Nichaman, & Blair, 

2000; Wei, Zanesco & Antunes, 2007) have convincingly shown that staying physically active 

and fit substantially reduces the risk of death due to heart related illnesses. Despite all these 

proven benefits, the CDC reports show that 60 % of American adults do not get enough physical 

activity to provide health benefits (Center for Disease Control and Prevention, 2001) The 

inadequate fitness level is however not limited to adults, the US Department of Health and 

Human Services indicate that more than thirty percent of young people in grades 9-12 do not 

engage in fitness related activities (US Department of Health and Human Services, 1996). 

Elsewhere, research studies have demonstrated a relationship between an active lifestyle and 

cognitive functioning in the elderly population (Bjorkland, 1991; Chodzko-Zacjko, 1991; 

Clarkson-Smith & Hartley, 1989; Spurdoso 1975). Since this phenomenon has not been 

extensively studied in children, this study focused on the relationship of aerobic fitness and the 

components of cognition in children. The relationship is of significant importance in the school 

system because a large portion of school time is spent in the cognitive/academic domain, thus 

examining the potential relationship between aerobic fitness and cognition is important to 

understand any effects on cognitive function.  



Studies that have proposed to explain the relationship of physical activity and cognition 

have relied on physiological mechanisms and/or learning/developmental mechanisms. The 

physiological mechanism, such as structural change in the central nervous system, and increased 

cerebral blood flow are based on physical changes in the body that occur as a result of exercise 

while learning/developmental mechanisms explain the relationship via learning experiences that 

aid, and may even be necessary for, proper cognitive development (Sibley & Etnier, 2003).    

While the objective of this study is not to address cognitive development in children, it is 

important to discuss how cognition develops and relates to information processing and decision 

making. In general terms, cognition is the act of knowing and knowledge is gained via mental 

process. Gabbard (2004) refers to cognition as “an integral part of perceiving, recognizing, 

conceiving, decision making, reasoning and varying any of the perceptual-conceptual processes” 

(p. 225). Cognition is also regarded as a major psychological determinant of the ability to 

program information (Gabbard, 2004). Programming helps individuals formulate thought which 

results in either verbal or physical expression. According to Gabbard, attention, perceptual 

awareness and information stored in working memory all influence programming. Therefore, in 

order for the individual to produce a thought or motor response, information is collected from the 

environment through any of the six senses, and through selective attention, that information is 

moved into working memory, where a decision as to effect a motor response is made; this 

process is known as information processing, (see Figure 1). 
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Figure 1: Information Processing Model 

 

The information processing approach provides an understanding of how individuals 

handle internal and environmental information. When we process information, in addition to the 

cognitive and neural processing of the physical characteristics of the stimuli, allocation of 

attention, stimulus relevance and memories of past experience are important  (Baddeley, 2000; 

Schmidt, 1988; Schmidt & Wrisberg, 2004). Based on the information-processing model, a 

framework for examining the characteristics of attention, memory and decision-making can be 

explained. Initially, all sensory information is maintained in sensory store and via attention and 

perception, information is moved into working memory or conscious thought. When the 

information is in working memory, prior experiences that are in long term memory can provide 



direction to the selection of the skill.  For all actions, many alternatives exist from which the 

individual must select. Finally, the motor response is programmed and the muscular system is 

organized for the desired movement. Throughout the information processing cycle the individual 

must attend first to environmental information to select the important cues, selectively attend to 

the important information in memory, and then base the decision on the task criteria. 

Various studies have investigated information processing differences between adults and 

children including speed of processing, attention, memory and decision making, all concluding 

that children process information differently from adults. This study investigated the various 

components of information processing to determine whether fitness level improved attention, 

memory, and decision making.  In other words, were higher-fit children better than their lower-

fit counterparts in attending to  task appropriate cues, keeping more information in memory for a 

longer duration, and in making better decisions. The various components of information 

processing that were tested in this study were selective attention, memory capacity and duration 

and decision making. 

Selective attention is an important factor in the achievement of motor tasks since it 

involves alertness and preparation of the motor system to affect a response. To successfully 

perform a motor task, the individual must select and attend to meaningful information. On the 

other hand, children are less efficient selectors than adults and have produce larger interference 

effects with irrelevant distracters when compared to adults, (Davies & Thomson, 1988; 

Ridderrinkhof, van der Molen, Band & Bashore, 1997; Ridderrinkhof, & van der Molen, 1995). 

Thus, selective attention abilities of adults are more efficient when compared to those of 

children. Adults appear to overcome distractions and produce accurate responses to the target in 

a wide variety of tasks.  



Investigating selective attention of children with attention deficit hyperactivity disorder 

(ADHD), a recent study Brodeur and Pond (2001) examined the influence of age on a selective 

attention task in a sample of children with and without ADHD. Although the study included 

children with ADHD which is not specifically relevant to this study, older children without 

ADHD were more efficient in selective attention tasks than younger children without ADHD. 

Thirty-two children (6- to 8-years olds, 9- to 12-year olds) completed a visual attention task. The 

subjects were told that they would view pictures of clothing (tie, shirt etc) on the computer 

screen, and that they should indicate what they saw by depressing a corresponding button on the 

keyboard. They were also informed they would hear words in the headphones but they should 

ignore the words in the headphones and respond as quickly as possible in response to the pictures 

without making errors. Children were presented with a visual stimuli on the screen for 3000 ms 

or until a response was made. While all children experienced distraction, younger children were 

affected more by the headphones than were older children. Mean reaction times (RT) and 

accuracy scores for older children were significantly different from that of younger children 

(mean RT=137.01, mean accuracy 0.59 for younger group and mean RT =83.12 mean accuracy 

1.04 for older group).  

Similar to other reported studies on attention (Colombo, 2001; Enns & Cameron, 1987; 

Gallagher & Thomas, 1986; Guttentag & Ornstein, 1990) younger children are deficits in the  

use of selective attention strategies and  consequently  demonstrate larger deficits  from 

irrelevant distracters when compared with older children  (Ridderrinkhof, et al., 1997). Thus, the 

younger children’s ability to process relevant information and to selectively inhibit irrelevant 

information is affected by their inefficient strategy use. Furthermore, Wickens and Benel (1982) 

indicate that the ability to efficiently allocate attentional capacity improves with age and that 



developmental differences in attending to dual tasks may be due to lack of automation and how 

the individual deploys his/her attentional skills. Thus, as children grow older they become more 

adept at controlling the allocation of their attention and require fewer capacity resources. 

Becoming more efficient at selectively attending has been found to be related to the 

fitness level of older adults. Physically fit older adults have demonstrated a less rapid decline in 

attentional capacity than their less-fit peers, and consequently perform better on tasks in which 

attentional resources are a limiting factor (Chodzko-Zacjko, 1991; Enns & Girgus, 1985). These 

studies suggest that cognitive tasks, which require effortful processing, should be more sensitive 

to the effects of fitness than tasks, which can be performed with minimal attention. The test of 

selective attention in this study was the dual task-tracking and Simple Reaction Time tasks. The 

dual task tracking involved attention to a primary task while performing a secondary task as 

appropriate. The individual was instructed to perform the main task and when prompted, respond 

to the second task as needed. The individual was not expected to reduce the performance on the 

main task. If there was no deficit in the primary task, the individual was selectively attending to 

the primary task. If there was a decrement in the secondary task, the individual was ignoring the 

irrelevant cues. If there was no decay in either the primary task or the secondary task, the 

individual had sufficient memory to complete both tasks. If the subject had a decrement in either 

the primary or the secondary task, the individual was distracted.  

 Memory is usually viewed as storage of material emanating from the activities of the 

various information processing stages. The memory capacity component of information 

processing is limited in its capacity to handle information (Miller, 1956; Schmidt & Wrisberg, 

2004). Young children are also known to experience difficulty in the amount of information they 

can handle at any time (Gabbard, 2004) Thus, working memory is characterized by: capacity - 



amount of information that will reside in working memory and duration - length of time 

information will remain in working memory. Working memory is thus used as a workspace to 

briefly store information presented in the immediate past before further processing and like 

attention it has limited capacity and duration for storing information.  

One feature in processing of information that has strong implications for performance is 

the concept that memory is limited in its capacity to handle environmental information. Gabbard 

(2004) notes that if a specific movement activity requires attention, then some (or all) of an 

individual’s limited capacity must be allocated to the performance. In this case, since capacity is 

believed to be limited, interference will occur if another activity requires these resources 

resulting in either loss of speed or quality of performance.   

In a classical study, to quantify the capacity limit associated with working memory, 

Miller (1956) proposed that, for a remarkable number of different kinds of information, working 

memory capacity for young adults is at most around 7 + 2 items, or chunks of information. The 

fact that we can easily recall seven digits justifies Miller’s proposition.  

As children age, they are quick to recognize relevant information and become more 

skilled at performing cognitive operations that are linked to motor operations. This notion is also 

supported by current research approaches with regards to working memory as emphasizing 

active processing as opposed to merely a memory store (Baddeley, 2000; Gallagher, French, 

Thomas, & Thomas, 1996). In order to process information in working memory, a memory 

strategy is adopted. Development of children’s memory strategies as a process is viewed as 

analogous to the development of skill.  

The most important characteristic of working memory is that, it retains information for a 

limited amount of time. An illustration of this limitation was a study by Adams and Dijkstra 



(1966), who were among the first to show that, not only is information lost from working 

memory after about 20-30 s but most importantly that movement information has a short 

duration in working memory. In a classic study that became the standard pattern for what was 

termed motor short-term memory research, Adams and Dijkstra wanted to establish if motor or 

kinesthetic information is also lost as rapidly as verbal information in working memory. The 

authors had their subjects blindfolded, seated and asked to move to a stop on a linear positioning 

task, a free moving handle that slides along a metal rod. The task was to move the handle to a 

stop and then return the handle to a starting point. Following a specified time interval, with the 

stop removed, the subject repeated the task by moving the handle to a point where she or he 

estimated the location. The experimenter scored accuracy by recording how far the subject’s 

estimate was from the criterion location. The authors’ idea was that if verbal information in 

working memory has short duration, so does the motor information. The results of their study 

indicated that the motor or kinesthetic information suffers the same fate of short duration as 

verbal information in the working memory. Studies (Dempster, 1981; Kail, 1991; Miller & 

Vernon, 1996) that have been conducted after Adams and Dijkstra’s investigations have 

generally supported the notion that duration of kinesthetic information in working memory is 

about 20-30 s.  

Research studies reviewed on limitation of memory capacity and duration has always 

been that as children mature, so does their search strategy and memory capacity. The few studies 

that have looked into the relationship of physical fitness and information processing have 

however failed to address what aspects of information processing may be responsible for the 

differences found in how children process information. Therefore, this study examined the 

memory capacity and duration aspects of working memory, which is an important component of 



information processing. Young children are known to experience difficulty in the amount of 

information they can handle at any time. Probed memory was used to measure capacity of 

working memory.  

The capacity of working memory was determined by presenting the subject with a 

sequence of either eight or ten consonants with for each series a new consonant being added 

every second. The consonants remained visible until the last consonant was displayed upon 

which all consonants were blanked.  The subject was then presented with a consonant and asked 

whether or not it had been part of the prior list, the answer was given by clicking ‘yes’ or ‘no’ 

with the mouse on the computer screen. The list length of consonants was eight and ten and 50% 

of the probed consonants belonged to the original list. The test measured capacity since 

remembering whether the consonant was part of the original list involved the ability to store 

information in memory with the ability to retrieve it later.   

Memory duration was measured by numeric vigilance. Information in working memory is 

known to last no more than 30 s, whereby if not rehearsed, or processed, it is lost or replaced by 

another stream of information. This test established if subjects are quicker and more efficient in 

recognizing relevant information (duplicates). The subject was asked to identify duplicates of 

three-digit numbers shown on a computer screen by pressing the spacebar as soon as a duplicate 

appeared. To measure the duration of memory, rate of presentation included 80 and 100 three-

digit-numbers per minute. Each number differed randomly from the prior number in one digit. A 

sample might be 122, 172, 721, 721, 227, 274, and 874 containing a single duplicate 721. 

Correct responses, missed duplicates and incorrect duplication responses were recorded.   

Decision making was the third component of information processing measured in this 

study. Studies showed that strategies employed by older children and adults are different from 



those used by younger children. Davidson (1991) examined the decision making strategies of 

second-, fifth-, and eighth-grade students using a decision board, a method used previously with 

adults. A decision board procedure involved a presentation of information about alternatives or 

choices, which allows subjects to open doors to examine information about different alternatives 

before making decisions. This procedure permitted the experimenter to record what information 

was examined as well as the order in which the information was uncovered. 

 The results showed that, compared with younger children, the older group searched 

significantly fewer alternatives as well as fewer dimensions of those alternatives. Older children 

searched information more efficiently and systematically resulting in better decisions than 

younger children. Younger children have difficulties distinguishing between relevant and 

irrelevant information. Similarly, other researchers found that younger children attend to 

irrelevant information more than older children in speeded classification tasks (Hagen & Hale, 

1973) and display differences in attention to relevant information in memory tasks (Miller, 

DeMarie-Dreblow, & Woody-Ramsey, 1986).  

Research studies on decision-making have focused on developmental differences across 

childhood. In particular studies have mostly focused either on when different age groups of 

children make decisions or how young children differ from adults in decision making. Having 

said this, it is possible that the young child’s effective search strategy might simply be following 

a different, less adequate, strategy than that of older children.  Unlike adults, few studies have 

looked at the effect of physical activity on decision making of young children of the same age 

group. 

 One way this study measured decision making was by subtracting simple reaction time 

from choice reaction time. Choice movement time compared to simple movement, which is the 



time required to complete the motor response either after a decision or a simple response, was 

used to determine whether they were continuing to think as they move. Decision making was 

measured by a combination of the discrete simple reaction time and Discrete 6-choice Reaction 

Time. The Discrete Simple Reaction Time initially measured alertness and preparedness using 

auditory and visual stimuli. The test assessed the subject’s alertness by measuring the interval of 

time between stimulus onset (auditory beep, or appearance of moon) and the initiation of motor 

response (lifting finger from home key). The task required the subject to respond as quickly as 

possible to the visual, and the auditory stimuli, a task which involved reacting as quickly as 

possible to the stimuli. For Discrete 6-choice reaction time, it was expected that the decision 

reaction time would vary and decision movement time remain the same. If the decision 

movement time differed from the simple movement time, which indicated that the subject was 

continuing to decide what response to make.  

The few studies that focused on the relationship of fitness and cognition in children have 

mostly focused on academic performance as a key measure of cognitive function. The studies 

have also used a wide variety of cognitive measures such as perceptual skills, IQ, academic 

achievements, arithmetic, reading, verbal tests and memory (Sibley & Etnier 2003), scholastic 

ratings (Dwyer, Sallis, Blizzard, Lazarus & Dean 2001), reading and math (Tremblay, Inman & 

Willms 2000), pre-SAT scores (Grissom, 2005), mathematics (Gabbard & Barton 1979; 

McNaughten & Gabbard 1993), and student perception of academic performance (Lindner, 

1999).  

What the reviewed studies on the relationship between cognition and aerobic fitness have 

not addressed was what component of the information processing continuum was related to level 

of physical fitness. In an initial attempt to separate the various components of information 



processing, Mokgothu (2000) investigated memory capacity and decision making of 7- and 9- 

year-old habitually active and sedentary children drawn from rural and urban areas of Botswana, 

Africa.  The rural children were considered naturally fit (which was confirmed by a sub-maximal 

exercise test) by virtue of their habitually active lifestyle. All children completed anthropometric 

measures and sub-maximal cycle ergometer tests. Cognitive tests included simple and choice 

reaction time (SRT, CRT) and measured response time to stimulus and decision making time 

respectively. The ‘Simon’ game measured memory of a movement sequence. Results indicated 

that the rural fit group exhibited significantly faster SRT (287.00 ms, SD=52.73 ms) and CRT 

(381.00 ms SD=64.68) than their urban unfit group (SRT 322.20 ms, SD=34.35 ms) and (CRT 

414.36 ms, SD=30.98 ms) respectively.  The SRT test showed a trend a difference whereby the 

rural fit children being faster on simple reaction tasks and choice reaction tasks but groups were 

similar on CMT. The results implied that aerobic fitness was a factor in attention to a stimulus 

and decision making as measured by choice RT, thus physical fitness may be related to 

determining how children process information. The present study compared children’s fitness 

level based on their aerobic fitness. 

So far, the validity and reliability of the various cognitive and physical measures used are 

questionable since many of the measures were created for the specific study and validity and 

reliability measures were not reported. The problems with the measures of physical fitness were 

the variety of measures used.  For example, the measures included self-reported (Lindner, 1999), 

cycle ergometer, anaerobic measures such as and walking (Dwyer, et al., 2001). Given the few 

studies on each of the measures, conclusions are difficult to make. Despite all these varied 

measures of cognition, a meta-analysis (Silbey & Etnier, 2003) concluded that there was a 



positive relationship between fitness and cognition. The group that was physically fit scored 

better on the variety of cognitive measures. 

The current study investigates the various components of information processing to 

determine whether fitness level improves attention, memory, and decision making in children.  In 

other words, are fit children better able to attend to the task appropriate cues, or are they able to 

keep more in memory for a longer duration, or do they make better decisions.  The difficulties 

with previous research on cognition have been addressed and how the measures used in this 

study address these problems are discussed below.  The measure of aerobic fitness used in this 

study is aerobic performance as measured by a cycle ergometer test. Aerobic capacity is a 

measure that is felt to be the most important in relation to cognition and information processing.  

The tests used in this study were part of the Psychomotor Evaluation test (PsychE). These 

psychomotor performance tests, especially the reaction time and movement time have been used 

by researchers to explore the various components of information processing. The PsychE is an 

integrated program that is used to assess psychomotor and cognitive tests using tasks and 

methodologies, derived from research in experimental psychology and ergonomics that assess 

memory, perception and attention (Hope, Woolman, Gray, Asbury, & Millar 1998). The tests in 

this battery were used to measure selective attention, memory capacity and duration and decision 

making. 

1.1         HYPOTHESIS 

In this study, it was hypothesized that the level of physical fitness will affect attention, memory 

and decision making differently. Based on existing evidence from studies on adults, it was 



predicted that physically fit children would perform better in attention, memory and decision 

making tasks than their less active counterparts.  For attention, higher-fit subjects will perform 

better in Dual task-tracking and Discrete SRT tasks (RT, MT) than their lower-fit counterparts. 

For memory, higher-fit subjects were expected to perform better in Numeric Vigilance and 

Probed Memory tasks (hits, % correct responses) than their lower-fit counterparts. For Decision 

Making higher-fit subjects were expected to outperform their lower fit counterparts on Discrete-6 

CRT tasks (RT) while Decision MT should remain the same. Lastly, higher-fit subjects were 

expected to score higher than their lower-fit counterparts in Tower of Hanoi test of executive 

function.   

 



1.2 LIMITATIONS OF THE STUDY 

The first limitation of the study is that while limited research on the effects of physical fitness on 

memory, attention and decision-making have been conducted on children, there is evidence that 

some studies have been done with adult population (Chodzko-Zacjko, 1991; Clarkson-Smith & 

Hartley, 1989; Spurdoso, 1975). Therefore, this study has relied on available studies of 

association between physical activity and general and selective benefits in cognitive function 

amongst an older adult population. 

The second limitation is that cognitive measures using PsychE are estimates of the 

components of the information processing, however the instrument used in this study have been 

extensively used and is so far regarded as the best estimate of the information processing. Since 

the PsychE test usually consists of a task repeated a number of times, with results being 

averaged, the subject may develop familiarity with the test presentation and progressively devote 

more attention to the actual performance of the test. 

It is important to mention that this study should be viewed as preliminary since no studies 

have looked at the effects of physical fitness on cognition using the elements of information 

processing.   

 

 

 



2.0  METHODOLOGY 

2.1 GENERAL CHARACTERISTICS 

The participants were 47 male students (12-14 years, old, 144-167 months; SD= .69 months) 

from a middle school in western Pennsylvania. The study specifically examined male students 

since there was a companion study using girls attending the same school. The participants in this 

study were not selected based on ethnicity or race. The University of Pittsburgh Institutional 

Review Board approved the study and prior to participation in the study; the parents returned the 

IRB consent forms.   

2.2 RECRUITMENT PROCEDURES 

After approval by the University of Pittsburgh Institutional Review Board, a consent form along 

with a letter of explanation was sent to the parents of 100 middle school male students aged 12- 

to 14-years in a rural school in Western Pennsylvania. For a complete letter of recruitment, 

approval and University of Pittsburgh IRB form, see Appendix B. From the pool of children who 

returned their parental approval, and with the help of the physical education teacher, an initial 

screening of children was conducted using the Movement Assessment Battery for Children (M- 

ABC) checklist (Henderson & Sugden, 1992) to rule out Developmental Coordination Disorder 

(DCD). For complete M-ABC procedures see Appendix B. In addition, those children identified 



as having Individualized Education Plans were excluded from the study. The children who were 

not identified as having coordination problems using the M-ABC checklist were selected to 

continue participation in the study; forty-seven children were given a cycle ergometer exercise 

test. For classification purposes, two groups of 20 children (higher-fit and lower-unfit) were 

finally selected. Those in the top 20 were assigned to the higher-fit group and the lowest 20 

children were assigned to the lower-unfit group, while the middle 7 was dropped. 

2.3 INSTRUMENTS, VALIDITY AND RELIABILITY 

The screening test was used to initially identify subjects for the study. The fitness test was used 

to classify subjects into higher-fit and lower-fit groups. The cognitive tests were used for both 

groups. The instruments used, their reliability and validity are described below.  

2.3.1 Screening and Fitness Testing 

The fitness testing included initial screening that exclude children with coordination problems 

and a second screening to select 20 children with a higher fitness level and 20 children with a 

lower fitness level. Anthropometric measures of height, weight and body composition were 

administered, followed by estimating the aerobic capacity using a cycle ergometer where the 

children wore a heart rate monitor. 

 

 



2.3.1.1  Movement ABC Screening Test 

The M-ABC test identifies and evaluates movement problems. The Movement ABC Checklist is 

an initial screening instrument that identifies children who might have movement problems in 

school situations and need to be assessed further. In a study to examine reliability of M-ABC 

checklist, Schoemaker, Smits-Engelsman, and  Jongmans (2003) randomly selected 120 children 

(6- to 12 years) and screened 64 children using the four sections of M-ABC checklist (child 

moving- environment stationary, child moving-environment stable, child moving environment 

moving, child moving environment changing). The authors performed a reliability analysis of 48 

items of M-ABC checklist to establish if the four sections measure the same construct. The 

results confirmed that the M-ABC measures the same construct (r = 0.96 for the 48 items). van 

Hartingsveldt, Cup and Oostendorp (2005) also examined test-retest reliability, inter-rater 

reliability, convergent validity and discriminant validity of M-ABC compared to Fine Motor 

Scale of Peabody Developmental Motor Scales (PDMS-FM-2). Scores of 36 children for the two 

test were compared, test-retest reliability and inter-rater reliability for the two tests varied from r 

= 0.89 to r = 0.99. Convergent validity was r = 0.69. The results indicated that M-ABC was 

reliable when compared with other developmental tests. The classroom PE teacher completed the 

M-ABC checklist for the children that returned their parental consent (Appendix A).  

2.3.1.2 Anthropometric Measures 

A Detecto- medic Scale and Bioelectrical Impedance scale was used for anthropometric 

measures. A Detecto - medic scale was used to measure the height (cm) and weight (kg) of the 

subject. A Bioelectrical Impedance Scale (Tanita TBF-305) an instrument the size of a bathroom 

scale was used to measure the child’s weight (kg) and calculate body fat percentage. 

 



2.3.1.3  Polar Heart Monitor 

The Polar Heart rate monitor, model E 600 was used to measure heart rate during exercise 

testing. The monitor used a watch and an elastic strap worn around the chest with a transmitter 

attached. The watch recorded the heart rate during exercise testing. Goodie, Larkin and Schauss, 

(2000) examined validity of the polar heart rate monitor as a measure of heart rate while 

exercising and resting. Thirty students’ heart rates were measured at the same time, using a polar 

monitor and electrocardiography (ECG) during hand grip exercise and mental arithmetic. The 

correlations between the polar heart monitor and ECG were significant (mean r = 0.98, p < .001).  

In another study, Treiber, Musante, Hartdagan, Davis, Levy and Strong (1989) assessed 

validity of the Sport Tester PE 3000 heart rate monitor on 10-year, 4- to 6- year and 7- to 9- year 

old children while performing cycle ergometer, treadmill and aerobic activity respectively. The 

heart rate readings for the three activities were correlated with ECG readings which were taken 

during the same periods of exercise. Correlations ranged from 0.94 to 0.99. The results indicate 

that heart monitors are valid for use in measuring heart rate during of children during physical 

activity. The heart rate monitor permitted the researcher to monitor current heart rate during 

cycle ergometer exercise. 

2.3.1.4  Monark Cycle Ergometer (Model 824E)  

Cycle ergometer tests are highly related to field measures and are regarded as valid measures of 

VO2max. Patton, Vogel and Mellow (1982) examined reliability of a cycle ergometer as a 

predictor of maximal oxygen uptake (VO2max) on 15 male and 12 female subjects. The maximal 

work rate of the cycle ergometer was compared with VO2max measures of a treadmill test. The 

test-retest reliability of the two tests was 0.95 and 0.81 for males and females respectively. 

Andersen (1995) predicted VO2max of 232-men and 303- women aged 15-28-years from 



maximal power output of a cycle ergometer test. The correlation coefficient of r = 0.88 was 

found between the two tests. These tests suggest that cycle ergometer test gave a reliable and 

valid estimate of VO2max. The cycle ergometer was used in this study to assess cardiorespiratory 

fitness of participants in order to predict their VO2max. The YMCA test was used to predict the 

subjects’ cadiorespiratory fitness level. The test predicts maximal aerobic power on the steady 

rate heart response of an individual exercising at submaximal workloads. This test makes use of 

the direct linear relationships among heart rate, workload and oxygen consumption. 

2.3.2 Cognitive Tests 

Six tests were used to assess cognition.  Five tests measure attention, decision making, selective 

attention, memory capacity and memory duration using the PsychE software package and the 

fifth test measured executive function using the Tower of Hanoi. 

2.3.2.1 The Psychomotor Evaluation (PsychE) 

This a self contained computer program for conducting psychomotor assessment that runs on a 

PC.  Five of the PsychE tests were used in this research. The PsychE is an integrated program 

that purports to assess psychomotor and cognitive tests using tasks and methodologies, derived 

from research in experimental psychology and ergonomics that assess memory perception and 

attention (Hope, et al 1998).  

In a study to assess practice effects of the Psych E, Hope et al (1998) administered six 

Psych E tests to 10 young fit healthy volunteers (mean age10.4 years), four test were selected 

based on large body of literature that show that divided attention, SRT, CRT and vigilance are 

highly sensitive (Miller, 1992) and the two memory test were selected in terms of their cognitive 



demand, which assess basic functions of memory (Miller, 1992). The SRT test showed practice 

effect until third trial. Performance measure of the other five tests showed no evidence of 

practice. 

2.3.2.2 Reaction Time Board  

The instrument consists of a response board; 23 x 13 inches long and the home key centered 1 

inch from the lower edge of the board (see Figure 1). There are six movement keys located 10 

inches from the home key. The six movement keys are located in a horseshoe shape 5 inches 

apart with the left key located at a 25 degree angle from the home key line to the left and the 

right key be 25 degree angle from the home key line to the right. 

 
Figure 2: Reaction Time Board showing Cognitive test setup 

 

2.3.2.3 Tower of Hanoi  

A computer generated game that consisted of three pegs, and five disks of different sizes which 

were stacked on the middle peg and then are moved one disk at a time onto another peg such that 

a pyramid is created (see Appendix C). A test-retest reliability study of the Tower of Hanoi was 

examined with two groups of 7.7-years (N = 22) to 11.6-year (N=28) old children. Three 

versions of the Tower of Hanoi (3, 4, 5 disks) were administered to the two groups three times 



resulting in nine assessments over 18 months. The reliability of achieved scores for both groups 

on the ninth assessment was r = 0.67, planning time was r = 0.81, giving the test a satisfactory 

performance. This study used the Tower of Hanoi to test the subjects’ executive functions. 

 

2.4  PROCEDURES 

The tests were conducted over five weeks in a quite area located in the school gym. The first two 

weeks consisted of screening tests of Movement ABC checklist and anthropometric measures 

administration. Based upon these measures, the top 20 higher fit and 20 lower fit subjects were 

selected for Physical Work Capacity Cycle Ergometer Test which was conducted on week three. 

During the last two weeks, cognitive measures were conducted in the following order in one test 

session lasting approximately 35 min: Simple/Choice RT (SRT, CRT), Discrete 6-choice RT 

(D6CRT), Dual task-tracking RT (DT-TSRT), Numeric Vigilance (NV), Probed Memory (PM) 

and Tower of Hanoi. Table 1 shows the different instruments, what they measure and the unit of 

measurement that was used in the study. 



Table 1: Testing Instruments, and unit of measurement 

Instrument Measure Unit 

Detecto-medic scale Height and weight cm & kg 

Bioelectrical Impedance Body composition % fat 

Heart Rate Monitor Heartbeat Beats/min 

Cycle Ergometer Cardio-respiratory Fitness VO2 

Discrete Simple RT (PsychE) Attention ms 

Discrete 6-CRT (PsychE) Decision making ms 

DualTask-Tracking SRT (PsychE) Selective Attention ms 

Probed Memory (PsychE) Memory capacity %correct responses 

Numeric Vigilance (PsychE) Memory duration hits, misses 

Tower of Hanoi Executive Function Min/s 

 

2.4.1 Exercise Tests 

The exercise screening tests included a Movement ABC checklist (see Appendix A) given to the 

classroom and PE teacher to prescreen for DCD. Children, whose scores exceeded 20 when 

added up, were excluded from the study. Anthropometric measures of height, weight and body 

composition were taken followed by physical work capacity measures of cardiorespiratory 

fitness. 

2.4.1.1 Anthropometric Measures 

Barefooted, the subject was asked to step on a Detecto-medic scale with an attached stadiometer 

to determine height and weight (See Appendix B for instructions). Height (cm) and body weight 

(kg) were recorded. Body fat percentage was measured using bioelectrical impedance (Tanita 



TBF-305). The scale was attached to a small unit that displays the reading for each subject. The 

unit was calibrated for ‘child’ and the appropriate gender was selected. The subject removed his 

shoes and socks, stepped on the scale and remained motionless for 15 s. The unit displayed a 

reading of the subject’s weight in pounds and fat percentage.  

2.4.1.2 Physical Work Capacity Cycle Ergometer Test  

The Monark Cycle ergometer (Model 824E) was used to assess cardiorespiratory fitness of the 

subjects. Since subjects were children, the cycle will be set to an initial load of .25 kg with a 

pedal rate of 50- rev/min. The termination of cycling was when the subject reached a heart rate 

of 160- b/min. Before the test, a polar heart rate monitor (children’s size, Model E 600) was 

attached to the subject’s chest to record the heart rate throughout the test. Prior to test initiation, 

the subject was asked to climb on the bike and the height of the seat adjusted according to the 

subject’s leg length (95 % of leg length), with the ball of the foot on the pedal, the knee slightly 

flexed at maximal leg extension. The subject was asked to assume an upright, seated posture 

with hands positioned on the handlebars.    

 The test (See Appendix B for Instructions) began with a 2-min warm-up to orient the 

subject to the equipment and prepare for the first stage. In front of the subject was the Children’s 

OMNI scale of perceived exertion ratings chart for the child to indicate level of fatigue 

(Robertson , R., Goss, F., Boer, N., Peoples, J., Foreman A., Dabayebeh., Millich, N., 

Balasekaran, G., Riechman, S., Gallagher, J., & Thompkins, T. 2000)  ). At the end of the stage 

and prior to initiation of the next stage, the increase in resistance was communicated to the 

subject. The exercise intensity was increased gradually through the stages of the test which was 

recorded every minute (see Appendix D). Work increments used resistance of .5, 1, 1.5, 2, 2.5, 3, 

and 3.5kg etc. The subject was encouraged to keep going throughout the test. The test continued 



until the subject’s heart rate reached 160- b/min. or the subject request the test to be stopped due 

to fatigue. At the completion of the exercise, the subject cooled down by continuing to peddle for 

an additional 2 min at .30 rpm and HR was monitored during recovery. 

To estimate the subjects’ VO2 max the YMCA’s submaximal cycle test calculator was 

used. The program estimated the individual’s aerobic fitness by calculating the VO2 max based 

upon the subject’s gender, age, weight, heart rate and exercise stages completed.   

2.5 COGNITIVE AND INFORMATION PROCESSING TESTS 

Six tests were used to measure the various components of information processing. Discrete 

Simple RT and dual task-tracking and SRT measured selective attention, Discrete 6-CRT 

measured decision making while Probed Memory and Numeric Vigilance measured memory 

capacity and duration respectively. Tower of Hanoi measured executive function. Complete 

instructions for the tests are in Appendix B. 

2.5.1 Psychomotor Evaluation (Psych E)  

Five tests were administered for a total time of about 30 min. For both simple and choice RT and 

MT, the response board was used. The task consisted of two components, the response board and 

the laptop monitor. The response board was positioned at a child-sized desk with the computer 

screen 5 inches behind the response board.   

2.5.1.1 The Discrete Simple Reaction Time  

This required the subject to respond as quickly as possible to the auditory beep. With the index 

finger of the dominant hand, the subject was asked to hold down the home key. After a random 



interval between 1 and 10 s, for the first test an auditory beep sounded, for the second test a 

small sun appeared on the screen, signaling the subject to lift his finger from the home key and 

press the number 6 response key. The subject was given three practice trials followed by 20 test 

trials. For correct responses, the RT and MT were recorded separately to within 1 millisecond, 

with means and standard deviations calculated and recorded. 

2.5.1.2 Discrete 6-Choice Reaction Time  

The subject required to make a decision quickly by responding to a visual stimulus. After a 

random interval (1-10 s) one of the keys in the computer screen was highlighted, prompting the 

subject to lift the index finger of the dominant hand from the home key to press the 

corresponding response key on the response board. The subject received three practice trials 

followed by randomly ordered trials to each of the 6 response keys. There were 20 test trials. For 

each trial, the reaction time and movement time were recorded. For correct responses, the RT, 

and MT were recorded separately to within 1 ms, with means and standard deviations calculated 

and recorded as in simple reaction time. 

2.5.1.3 Dual Task-Tracking and Simple Reaction Time  

This task requires the subject to use a computer mouse to follow a smooth but randomly moving 

target (primary task) on the computer screen as close as possible. At random intervals a stimulus 

in the form of an auditory beep (secondary task) was presented. The subject was asked to press 

the space bar of a computer keyboard as soon as s/he hears the auditory beep. Attending to 

tracking is the primary task while responding to the beep is the distracter. The subject was given 

three trials. The test lasted three minutes. The time taken for the subject to press the spacebar 



was measured, with total response time, reaction time and movement time being recorded 

separately. 

2.5.1.4 Numeric Vigilance  

This task required subject to identify duplicates of three-digit numbers shown on a computer 

screen by pressing the spacebar every time a duplicate appears. The three-digit numbers were 

presented on a computer screen at a rate of 100-three digit numbers per minute. Each of the 

three-digit number differed randomly from the previous pattern in one of the digits. Of the 

numbers presented during the test, 8% were duplicates of the previous number. The length of the 

test was three minutes. Correct responses (“hits”), missed duplicates (‘misses’), and incorrect 

duplication responses (‘false alarms’) were recorded. Test duration was three minutes. 

2.5.1.5 Probed Memory  

The subject was shown a sequence of eight consonants with a new consonant being added every 

second. The consonants remained visible until the last consonant was displayed. After an interval 

of one second the complete sequence of eight consonants were blanked out. The subject was then 

presented with a consonant and asked whether or not it had been part of the prior list, the answer 

was given by clicking ‘yes’ or ‘no’ with the mouse on the computer screen. Of the displayed 

consonants 50% of the probe consonant belonged to the original list. The percentage of correct 

responses was recorded. Three practice trials were followed by 20 test trials. 

2.5.1.6 Tower of Hanoi  

The subject was instructed to use a computer mouse to move three circular discs from one tower 

(left peg) to the right (destination peg) (see Appendix B). The subject was allowed to move only 

one disc at a time and a large disc could never be placed on top of a smaller one. The discs 



should be moved from one tower to another in the least number of moves. The number of moves 

taken by each subject to move the pegs was recorded. 

2.6 DESIGN AND DATA ANALYSIS 

The independent variable was group (fit, unfit) while dependent variables were Simple/Choice 

Reaction Time (SRT, CRT), Simple/Choice Movement Time (SMT, CMT), Discrete 6-Choice 

RT (D6CRT), dual task-tracking RT (DT-TSRT), Probed Memory (PM), Numeric Vigilance for 

three series (NV) and Tower of Hanoi. 

For memory capacity, a Group x memory capacity (8, 10) with repeated measures on 

memory length was computed. For memory duration, a Group x duration (80,100) with repeated 

measures on time was computed. 

The design of the study was level of physical fitness (higher fit vs. lower unfit) with the 

following dependent variables:  discrete simple reaction time, discrete 6 choice reaction time, a 

dual task, numeric vigilance, and probed memory (3 series).  

Separate group ANOVAs were calculated for the dependent variables for measures of the 

separate components of information processing with a probability value of .05.  Follow-up 

ANOVAs were calculated where necessary.  



3.0  RESULTS 

 

The primary purpose of this investigation was to examine the various components of information 

processing to determine whether aerobic fitness level was related to attention, memory, and 

decision making in children. In other words, were fit children better able to attend to the task 

appropriate cues, keep more in memory for a longer duration, make better decisions, or plan and 

solve problems effectively? The results of this study are arranged into five sections: fitness level 

comparison, attention, memory, decision making and executive function. All ANOVA tables are 

in Appendix E and F. 

3.1 FITNESS COMPARISON 

Since the main purpose of the paper was to examine the relationship of fitness level to memory, 

the subjects needed were divided into a higher and lower fit group. This was done by ranking 

forty-six subjects based on their VO2, and eliminating the middle six. To determine that the 

groups differed on fitness level an ANOVA was calculated on the dependent variable VO2max 

The analysis revealed that the fitness level of the two groups were significantly different, F(1, 

38) = 55.22, p = .00, (see Table 2).  



           Table 2: Means (SD) for aerobic power capacity across fitness level 

Group Peak Aerobic Power* 

Lower-Fit group 29.26ml/kg/m 

(8.40) 

Higher-Fit group 49.18ml/kg/m 

(8.54) 

                   * p <.05 

 

3.2 ATTENTION 

General attention was measured using visual simple reaction time (VSRT), visual simple 

movement time (VSMT), auditory simple reaction time (ASRT) and auditory simple movement 

time (ASMT). Selective attention was measured using secondary task reaction time (STRT), 

secondary task reaction time minus visual simple reaction time (STRT-VSRT) and time-on-task 

(TOT) for tracking task. 

3.2.1 General Attention  

Attention in this study examined alertness and preparation of the motor response system using 

VSRT and VSMT, ASRT and ASMT. A group (lower-fit, higher-fit) ANOVA indicated that 

there were no significant difference between the two groups on the following dependent 

variables; VSRT, F(1, 38) = 1.126, VSMT, F(1, 38) = .124, ASRT, F(1, 36) = 1.428, ASMT, F(1, 

36) = .316, (see Table 3 for means and SD). 



Table 3: Means (SD) for attention across groups and tests 

                                        VSRT             VSMT           ASRT                 ASMT 

Lower-Fit group             528.80              326.45         503.20                 356.80 

                          (131.04)           (96.40)        (139.95)               (138.91) 

Higher-Fit group            490.15              316.35          453.44                 324.72 

                                       (96.71)             (84.43)         (113.88)              (209.18) 

 

3.2.2 Selective Attention  

The test of selective attention was secondary task reaction time (STRT) which involved 

selectively attending to the primary task and when appropriate, responding to a secondary task.  

A univariate ANOVA with fitness level as the independent variable was computed on the 

dependent variable secondary task reaction time (STRT), simple dual reaction time (DUALRT) 

was attained by subtracting visual simple reaction time (VSRT) from STRT.  Results indicated 

that the high-fit group was not significantly different from the low-fit group across tests: STRT, 

F(1, 38) = .715, DUALRT, F(1, 38 =.141, and TOT, F(1, 38) = .797 (see Table 4). 

Table 4: Means (SD) for selective attention across groups and tests 

                                        STRT                    DUALRT                    TOT 

Lower-Fit group             522.90                    101.50                        47.35 

                                       (69.80)                     (82.72)                      (12.25) 

Higher-Fit group           548.10                     111.65                        43.95 

                                      (93.90)                     (84.43)                      (113.88) 

 

 



 

3.3 MEMORY 

 

Memory capacity was measured using probed memory capacity of eight (P8) and ten (P10) 

letters to establish if there were differences in memory length for the two groups.  Memory 

duration was measured using vigilance hits at 80- (V80H) and 100- (V100H) three-digit numbers 

per minute to establish if there were differences in memory duration for the two groups. Thus 

duration at 80-three-digit numbers per minute provides more time between presentations, thus 

the 100-digit presentation should be superior to the 80-three-digit-numbers per minute. 

3.3.1 Memory Capacity  

A Group (lower-fit, higher-fit) x capacity (Capacity 8, Capacity10) ANOVA with repeated 

measures on capacity did not reveal significant differences between the two groups, F(, 33) = 

.004, or the group x capacity interaction for the dependent variable capacity, F(1, 33) = .009. The 

capacity main effect was however significant, F(1, 33) = 10.71, p =.003, (see ANOVA Table 10 

in Appendix E). Both groups performed better on capacity at 8-letters than capacity at 10-letters.  

The group x capacity means % correct hits and standard deviations are in Table 5.  



 

Table 5: Means % correct hits (SD) for memory capacity at P8 and P10 

 Capacity 8 Capacity 10 

Lower- Fit group 77.22 

(12.62) 

N = 18 

69.44 

(13.27) 

N = 18 

Higher- Fit group 77.65 

(10.01) 

N = 17 

69.41 

(10.44) 

N = 17 

 

3.3.2 Memory duration   

A group (lower-fit, higher-fit) x duration (80 % Hits, 100 % Hits) ANOVA with repeated 

measures on duration  and the dependent variable number of hits did not reveal significant 

differences between the two groups, F(1, 37) = 1.951, or the group x capacity interaction, F(1, 37) 

= .069. The duration main effect was however significant, F(1, 37) = .415 p = .523, (see ANOVA 

Table 11 in Appendix E). Both groups had more hits at duration of 80 % than at 100 %.  Group x 

duration means and standard deviations are in Table 6. 



Table 6: Means (SD) for memory duration at 80 % Hits and 100 % Hits 

 Duration 80 % Hits Duration 100 % Hits 

Lower- Fit group 9.00 (2.59) 

N = 20 

9.20 (2.70) 

N = 19 

Higher- Fit group 9.78 (1.58) 

N = 20 

10.26 (3.34) 

N = 19 

 

3.4 DECISION MAKING 

Decision time was measured by subtracting visual simple reaction time from visual choice 

reaction time, (VCSRT minus VSRT) and visual movement time (VSMT) determined whether 

the subjects continued to think as the moved.  

3.4.1 Decision Time  

A univariate ANOVA with fitness level as the independent variable was computed on the 

dependent variable decision reaction time (DRT) and VSMT. Results indicated that the high-fit 

group was not significantly different from the low-fit group across tests: VSRT, F(1, 37) = .074 

and VSMT, F(1, 37) = .004. 



 

Table 7: Means (SD) for Decision Time across groups and tests 

Group Decision Reaction Time Decision Movement Time 

Lower- Fit group 102.52 

(83.21) 

N=19 

360.26 

(104.66) 

N = 19 

Higher- Fit group 109.50 

(76.72) 

N=20 

358.30 

(80.39) 

N = 20 

 

 Movement time (VSMT) was also evaluated to determine if the subjects were continuing 

to make their decision as they moved.  If the choice movement time is larger than the simple 

movement time, the subjects are continuing to process information as they move. The results 

indicated that the choice movement time was larger than simple movement time for both groups. 

Mean VSMT M = 326.45, VCMT M=360.26 (lower-fit group) and mean VSMT M =316.40, 

VCMT M= 358.30 (higher-fit) see Table 8. 



 

 

Table 8: Means (SD) for visual choice RT and visual choice MT 

Group VSMT VCMT 

Lower- Fit group 362.45 

(96.40) 

N=19 

360.26 

(104.66) 

N = 19 

Higher- Fit group 316.40 

(84.43) 

N=20 

358.30 

(80.39) 

N = 20 

 

3.5 EXECUTIVE FUNCTION 

The Tower of Hanoi measured the executive planning and problem-solving ability of subjects 

using time-to-complete (TOHTIME), number of errors (TOHERR) and number of moves 

(TOHMOVE) as dependent variables. 

3.5.1 Planning and Problem-Solving Time  

A univariate ANOVA with fitness level as the independent variable was computed on the 

dependent variables TOHTIME, TOHERR and TOHMOVE. The results indicated that the 

higher-fit groups were not significantly different from the lower-fit group across tests, F(1, 38) = 

.929,  F(1, 38) = .104 and F(1, 38) = .324. Means and standard deviations are shown in Table 9. 



Table 9: Means (SD) for Planning and Problem solving Time across groups and tests 

Group Tower of Hanoi Time Tower of Hanoi Error Tower of Move 

Lower- Fit group 43.00 

(34.78) 

 

.150 

(.366) 

12.60 

(5.20) 

Higher- Fit group 52.95 

(30.37) 

.950 

(2.11) 

 

13.40 

(3.51) 

 

 



4.0  DISCUSSION 

Research studies have convincingly demonstrated a relationship between a physically fit and 

active lifestyle and cognitive functioning in the elderly population (Bjorkland, 1991; Clarkson-

Smith & Hartley, 1989; Chodzko-Zacjko, 1991; Spurdoso 1975). Since this phenomenon has not 

been extensively studied in children, this study focused on the relationship of fitness and the 

components of cognition in children. The few studies examining the relationship of fitness and 

cognitive functioning in children relied heavily on academic performance as a key measure of 

cognition and used a wide variety of academic performance measures. The previous studies on 

the topic also concentrated on adult-child relationships and ignored the most essential elements 

(attention, memory, decision making) of information processing. The few studies that have 

looked into the relationship of physical fitness and information processing have failed to address 

what aspects of information processing are responsible for the differences found in how children 

process information. To date, no studies have investigated the effect of physical fitness on 

attention, memory and decision making in children. Thus, the unique aspect of this study was 

that, it examined this relationship amongst children.  

In this study, methodological shortcomings of focusing mainly on academic performance 

as a key measure of cognition have been avoided by examining attention, memory and decision 

making as key elements of cognition. It was anticipated that methodological improvements in the 

present study would help establish if physical fitness has a relationship with attention, memory 



and decision making in children as shown in the elderly population. Thus the purpose of the 

current study was to investigate the various components of information processing to determine 

whether fitness level was related to attention, memory, and decision making in children.  In other 

words, are fit children better able to attend to the task appropriate cues, or are they able to keep 

more in memory for a longer duration, or do they make better decisions.   

Based on existing evidence of SRT and MT studies on adults, it was predicted that 

higher-fit subjects would perform better in attention as measured by dual task-tracking and 

discrete reaction tasks (SRT, SMT) than their lower-fit counterparts. For memory, higher-fit 

subjects were expected to perform better by obtaining a high percentage of correct responses on 

probed memory test for both 8- letters and 10- letters. Higher-fit subjects were also expected to 

keep information in memory longer by getting a higher score on percentage of correct response 

‘hits’ at both 80% and 100% of correct responses although there would be fewer differences at 

100% correct response.  For decision making higher-fit subjects were expected to out perform 

their lower fit counterparts on discrete-6 CRT tasks (RT) while decision MT would remain the 

same. Finally, higher-fit subjects were expected to score higher and make fewer errors than their 

lower-fit counterparts on the Tower of Hanoi test of executive function.   

The results of aerobic fitness level between higher-fit and lower-fit supported the 

selection hypothesis since the two groups were significantly different from each other on level of 

aerobic fitness. This was important for the interpretation of the hypotheses.  

The hypothesis that higher-fit children would perform better in attention tasks, than their 

lower-fit counterparts was not supported in the study but the data demonstrated a trend. Alertness 

and preparation of the motor response system tests revealed that although not significant, higher-

fit groups were faster than lower-fit groups for the visual simple reaction time (VSRT) task 



(mean difference 38.7 ms), visual simple movement time (VSMT) (10.1 ms difference), auditory 

simple reaction time (ASRT) (49.8 ms)  and auditory simple movement time (ASMT) (32.08 ms 

difference). This trend suggests that the higher fit children attended better to task appropriate 

cues. This trend is related to other studies on elderly population (Bjorkland, 1991; Clarkson-

Smith & Hartley, 1989; Chodzko-Zacjko, 1991; Spirduso, 1975) where authors found older 

subjects who were physically active, or underwent fitness intervention demonstrated faster 

reaction and movement times on cognitive measures than their low fit or nonexercising 

counterparts. Even though there were differences between higher-fit and lower-fit groups in 

attention and memory tests, the differences were not significant. It was however essential to test 

the relationship between the level of aerobic fitness and the dependable variables by correlation 

tests. 

A correlation was computed to test the relationship between the level of fitness of the two 

groups and the dependable variables in the study. The correlations were not significant. Since the 

means and standard deviations were large for some tests resulting in large variability, a 

comparison of means and standard deviations was done with previous studies (Hillman, et al 

2005; Mokgothu, 2000). For RT, Hillman’s study reported the following means and standard 

deviation; high-fit children M = 430.7 (53.4) and low-fit children M =509.1 (83.2) and for 

Mokgothu, RT means and standard deviations were as follows; high-fit M = 333.77 (75.24) and 

low-fit M = 363.78 (60.66). The means for this study were higher than that of the other two 

studies; for the higher-fit children even though the children in this study were older (12-14 

years), the RTs of the older children should have been lower than the younger. The children in 

the Hillman study (8-9 years) responded 122 ms faster than those in this study while the higher 

fit children in the Mokgothu study (7-9 years) responded 219.63 ms faster.  The lower-fit 



children in the Hillman study responded similarly to those in this study while the children in the 

Mokgothu study responded 139.42 ms faster.  The fit children in the Mokgothu study were 

habitually active, they lived in rural Botswana, which might account for the differences.  In 

addition the variability in this study was greater (between 113.9 and 139.9 for the higher- and 

lower-fit children respectively as compared to between 53.4 and 83.2 for the previous studies). 

The other factors responsible for variability in this study could be resulting from factors such as 

genetics, weather and the time of test as opposed to the test itself. 

One of the basic rationales that can be constructed to explain this trend may be the 

physiological mechanisms of increased cerebral blood flow or cerebral circulation hypothesis, 

structural changes in the nervous system and modified arousal levels (Sibley & Etnier, 2003) that 

cause alteration in brain neurotransmitters brought about as a result of exercise. The cerebral 

circulation hypothesis contends that physical activity increase brain blood flow, which in turn 

benefits the cognitive functioning of the organism, due to increased supply of nutrients to the 

brain. Travis (1998) has also associated speed of processing and executive function with changes 

in brain structure and function as a result of ongoing myelination and synaptic pruning as a result 

of exercise. 

The fact that the two groups did not reveal significance results in reaction and movement 

time tests of attention could be attributed to slower processing speed associated with their age. 

Attention is known to be limited, and an individual can attend to only one thing at a time or think 

only one thought at a time.  The suggestion here is that too great a demand on attentional 

capacity overwhelms the individual especially young children whose capacity to handle 

environmental information is still developing. There has also been reported difficulty in 

searching for and retrieving information into memory by children (Chi, 1977a, 1977b).  



For the selective attention task, secondary task reaction time (STRT), STRT minus visual 

simple reaction time (VSRT) and time on task (TOT) revealed no significant difference between 

the higher-fit and lower-fit groups. The test of selective attention was secondary task reaction 

time (STRT) which involved selectively attending to the primary task and when appropriate 

responding to a secondary task. The implication of the results indicating that STRT, and STRT 

minus visual simple reaction time (VSRT) and time-on-task (TOT) did not reveal any significant 

difference suggests that children are less efficient in selecting appropriate information and 

produce larger interference from irrelevant distracters. The fact that the hypothesis was not 

supported despite a trend can also be based on reported studies on attention (Colombo, 2001; 

Enns & Cameron, 1987; Gallagher & Thomas, 1986) that younger children’s ability to process 

relevant information and to selectively inhibit irrelevant information is affected by their 

inefficient strategy use.  

The results on the attention tasks appear to be in agreement with the definition of 

attention that it is limited, an individual can attend to only a restricted amount of information at a 

time and that children differ from adults in how they attend to environmental cues. Adults appear 

to overcome distractions and produce accurate responses to the target in a wide variety of tasks. 

The results are also reflective of the concept that if a specific movement activity requires 

attention, then some or all of the individuals’ limited attentional capacity must be allocated to the 

performance. Therefore, since attention is limited, interference will occur if another activity 

requires attention and as a consequence, speed or quality of performance is negatively affected. 

This test established that both groups, regardless of fitness level, recognized relevant information 

at the same speed and efficiency. 



Memory is commonly believed to be responsible for the ability to store information as 

well as manipulating it for brief periods of time. For memory, higher-fit subjects were expected 

to perform better by obtaining high percentages of correct responses on the probed memory test 

at 10- letters with fewer differences at 8 letters. The higher-fit subjects were also expected to 

keep information in memory longer by getting higher scores or ‘hits’ at both 80 % and 100 %. 

These hypotheses were not supported by the numeric vigilance and probed memory tests. The 

two groups did not differ in performance at both 8-letters and 10-letters as well as at 80- and 

100-three-digit numbers per minute. These results are reflective of a developmental trend in 

memory capacity that memory span is age related and was not at this point related to level of 

fitness. As age increase, so does the memory span. For capacity, there was a difference of .43 % 

correct response between the two groups at 8-letters while at 10-letters (.03 % correct responses) 

both groups were overloaded and performed poorly.  The two groups were able to keep more 

information in memory by scoring higher for 8-letters compared to 10-letters (see Figure 3). 
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Figure 3 The mean percentage correct response with 8- and 10- letters 

 

This result, that both groups do better at 8-letters than at 10-letters supports the view that 

the working memory has limited capacity; the memory storage was able to more efficiently store 

and retrieve information that was short, 8-letters, than one that required more memory storage 

10-letters.  

The groups did not differ significantly in memory duration tests, however, both were able 

to keep information longer in memory to enable them to perform better at 100-three digit 

numbers per minute than at 80-three-digit numbers per minute. For duration, there was a 

difference of .78 hits between the two groups at 80-three-digit numbers per minute while at 10-

three-digit numbers per minute there was a greater difference of 1.06 hits between the two 

groups (see Figure4). The higher-fit group performed better than the lower-fit group in both tests. 

This task was meant to test Bjorkland and Coyle’s (1995) suggestion that with practice and 

experience children become more efficient at using their working memory space based on 



universal agreement that practice and experience improves performance of different motor skills. 

The higher-fit subjects better performance could be related this suggestion.  
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The memory hypothesis was designed to examine the effect of aerobic fitness on memory 

capacity and duration of higher-fit and lower-fit subjects. Memory is an important feature of 

information processing that has strong implications for performance. The fact that the hypothesis 

was not supported, could be related to memory studies that suggest children’s ability to handle 

information from the environment is limited and age mediated (Miller & Vernon, 1996). Young 

children are known to experience difficulty in the amount of information they can handle at any 

time. Memory duration was measured by numeric vigilance. Information in working memory is 

known to last no more than 30 s, whereby if not rehearsed, or processed, it is lost or replaced by 



another stream of information. The results of this test suggest that children do not simultaneously 

process incoming information from the environment, instead they switched between two 

demanding tasks, especially when two tasks compete for the same attentional capacity. The 

individual will then make a decision based on information available on memory.  

The decision making hypothesis was not supported; the decision time between the two 

groups was not significantly different. Miller, et al. (1986) further suggest that children have 

difficulty distinguishing between relevant and irrelevant information and as a result they spent 

more time trying to distinguish between relevant and irrelevant information and consequently the 

time to make a decision on which move to take suffers. 

To validate choice movement time, simple movement time must be compared to choice 

movement time.  The choice movement time was larger than the simple movement time, for both 

groups. The Lower-fit mean group’s difference was 257.74 and the higher-fit group’s mean 

difference was 248.8. The difference in means between simple movement time and choice 

movement time implies that the subjects were continuing to process information as they moved 

(lower-fit 33.81ms; higher-fit 41.9 ms; (see Table 9).  

The test of executive function was used to evaluate children’s ability to plan and solve 

problems. Thus, if children do well in this test, it would suggest that, they have efficient 

executive functioning. The executive functioning is regarded as a key component underlying 

development, since young children struggle in focusing attention of relevant stimuli and are 

prone to interference from irrelevant stimuli (Bjorklund & Harnishfeger, 1990; Dempster, 1992). 

 The results revealed that there were no significant differences between the two groups 

across the dependent variables. Interestingly, and in opposition to the prediction of this study, the 

lower-fit group completed the Tower of Hanoi task quicker (43 s) than the higher-fit group 



(52.95 s. The mean error for the lower-fit (.150 s) was also better than that of the higher-fit group 

(.950 s), see Table 9. The results imply that the lower-fit group took a shorter time to complete 

the tasks than the higher-fit group and they also had fewer errors. The explanation for this 

discrepancy may be due to the fact that some students indicated being familiar with the Tower of 

Hanoi, and having played it before which enabled them to complete the task quickly and with 

fewer errors than others. Eleven subjects (3-higher-fit and 8-lower-fit) indicated having played 

the Tower of Hanoi previously; however, two of the eleven in the high-fit did not do well in the 

test. Twenty-one of the subjects indicated completing the task based on mistakes, thus they used 

a trial-by-error strategy. Two subjects when asked ‘what strategy they used to complete the 

task?’ indicated that they completed the task by ‘just guessing’ a notion that could be responsible 

for the large standard deviation in the data (SD=34.8 for lower-fit and SD=30.4 for higher-fit). 

One subject in lower-fit group, who indicated that he was guessing, completed the Tower of 

Hanoi test in 158 seconds instead of less than 10- seconds prescribed in the instrument, made 18 

instead of 7 moves prescribed and had 1 error.  The same subject who belonged to the lower-fit 

group was also identified as responsible for the outlier, (see Appendix F). The other subject who 

guessed was in the lower-fit group and took 46 s to complete the task, 46 instead of 7 moves and 

had 1error but statistically was not outlier. The large standard deviations also suggest that some 

subjects in both groups were just not paying attention. Two outliers were identified for Tower of 

Hanoi move and time. (see Appendix F) 

While the trend suggests that small improvements in speed of response may be associated 

with aerobic fitness, it is also important to discuss the variability evident within groups. The 

source of variability in this study could be addressed from a measurement or an individual 

standpoint. The children’s attention span is limited, especially if they are performing a task that 



is not necessarily exciting for them. This was evident during testing when children kept asking 

the researcher how long the test will take and ‘when will they be done’. The cognitive tests were 

long and unappealing to children as they might be to adults. At the end of the test subjects were 

asked the following questions ‘what task was the most difficult?’ What strategy they used to 

complete the different tasks?’ It was interesting, though evident in the data that thirty-two of the 

subjects said ‘Numeric Vigilance’ was the most difficult. This is consistent with what has been 

discussed so far that children’s memory capacity is limited in the amount of information it can 

handle.  

Overall, the study has shown that though not significant, there is a potential relationship 

between physical fitness and information processing elements of attention, memory, decision 

making and executive function which needs to be explored further.   

 The results of this study, just like in adult studies, potentially points to the importance of 

maintaining a physically active lifestyle since it has both health and cognitive benefits. The 

schools systems have drastically cut physical education programs in schools as they are viewed 

as extra curricular. Physical education programs in public schools are the first to experience cuts 

over other academic subjects as public demands to improve test scores in schools mounts. There 

is compelling evidence that participation in physical activity and fitness is also declining and 

there is evidence that children nowadays spent more time in sedentary pursuits such as television 

watching and video games and less time on any form of physical activity. Therefore, if physical 

activity and fitness can benefit cognition, through information processing, schools need to 

increase physical activity to increase fitness and not decrease time spent in physical fitness 

programs such as physical education. Thus, a proven relationship between physical fitness and 

cognition could be used as an argument to support, retain, and perhaps even improve physical 



education programs in schools. Physical fitness experiences among children should be seen as a 

potential starting point for children to develop health habits and has been shown to enhance 

rather than inhibit cognitive performance.  

It is also well acknowledged amongst education circles that children learn best by moving 

and through active experience. The most important relevance to this study is the fact that if you 

stay physically active throughout childhood chances are that you will continue the practice into 

adulthood.  

4.1 LIMITATIONS OF STUDY 

At the outset, the current study had limitations despite improvements in methodology from 

previous studies. The cognitive tests performed on the computer were long and tiring for some 

for children (35 min) which could have affected their performance, however, other studies 

(Clark, 2007) used the same tests with the same aged girls. The subjects in this study were boys, 

since a similar study with girls revealed significant differences amongst fitness groups across 

tests points to gender as having played part in variability (Clark, 2007). Some subjects 

complained of being tired during the test, and it is possible that they guessed at the answers. The 

fact that some subjects might have had more experience in use of the computer, especially Tower 

of Hanoi, might have bearing on the results. 

 Given the age group of subjects (12- to 14-years) the insignificant difference in 

performance of cognitive tests might be that the age did not afford great variability or possibly 

afforded greater variability. While the cognitive test (PsychE) might be a valid instrument of 

psychomotor evaluation, the instrument has not been tested extensively with children. It is 



important to mention that this study should be viewed as preliminary since no studies have 

looked at the effects of physical fitness on cognition using the elements of information 

processing.  An additional issue is the period of data collection was the last three weeks of the 

year, and formal teaching for PE had stopped and subjects had to choose between free time and 

participating in the study.  Some subjects gave preference to free time than the tests in the study, 

which could have affected their performance. The hot weather could also have affected the 

subjects’ performance. 

 

4.2 FUTURE RESEARCH 

It is important for future studies to examine if the effect of physical fitness to cognition is general 

or specific to certain aspects of information processing. The sample size of twenty students per 

group may have been insufficient to enable the tests to reveal significance. Future studies might 

involve creating a cognitive instrument that is age appropriate and appealing to children, the 

instrument used has proved to be tiring and less interesting for children. The test could also be 

administered on different days to maintain subjects’ motivation and attention on tasks. Finally, 

future studies could examine the effect of physical fitness as measured by muscular strength or 

endurance or habitual physical activity instead of aerobic fitness.  
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5.0  EXTENDED LITERATURE REVIEW 

The importance of a physically active lifestyle is receiving increased attention more than ever. In 

addition to health related benefits, research studies have associated physical activity and physical 

fitness with general and selective benefits in cognitive function for both older adults and children 

( Dwyer, et al 2001;  Grissom, 2005; Kramer & Colcombe, 2003:  Hillman, Weiss, Hagberg & 

Hatfield 2002). 

While studies demonstrate a relationship between an active lifestyle and cognitive 

functioning in the elderly population (Chodzko-Zacjko, 1991; Clarkson-Smith & Hartley, 1989; 

Spurdoso 1975), this phenomenon has not been extensively studied in the pediatric population. 

The relationship is of significant importance in the school system because a large portion of 

school time is spent in the cognitive and academic domain, thus examining the potential 

relationship between physical activity and cognition is important. 

 Although benefits of physical exercise and fitness are acknowledged, physical activity 

and fitness programs in schools are viewed as extra curricular. Physical education programs in 

public schools are the first to experience cuts over other academic subjects as public demands to 

improve test scores in schools mounts.  Participation in physical activity and fitness levels are 

also declining and there is evidence that children nowadays spent more time in sedentary pursuits 

such as television watching and video games and less time on any form of physical activity 

(Green, 2004; Malina, 1996; Sibley & Etnier, 2003). Therefore, if physical activity and fitness 



can benefit academic performance, schools need to increase physical activity to increase fitness 

and not decrease time spent in physical fitness programs such as physical education. Thus, a 

proven relationship between physical fitness and academic achievement could be used as an 

argument to support, retain, and perhaps even improve physical education programs in schools. 

The object of this study was to examine the relationship of physical fitness to the 

information processing components of attention, memory and decision-making. Therefore, the 

review of literature for this paper started by discussing the overall model of information 

processing and examined short term sensory store, attention, working memory capacity and 

duration, and decision making. Following the review of literature, studies that associated 

physical fitness with cognition was discussed to establish if a connection exists. Finally 

methodology, procedures including instruments, measurements, subjects and data analysis that 

was carried out in the study was described.  

It is well known that older children and adults process information faster than younger 

children.  Gallagher and Thomas (1986) demonstrated that given the same information older 

children are able to integrate that information into prior experiences and demonstrate a speeded 

decision.  The question becomes, what are the older children and adults doing differently that 

speeds their use of processing information.  In order to answer this question, the various 

components of the information processing model are reviewed and specific components that 

might be sources of adult-child differences addressed. 



5.1 INFORMATION PROCESSING APPROACH 

The information processing approach provides an understanding of how individuals handle 

internal and environmental information. When we process information, in addition to the 

cognitive and neural processing of the physical characteristics of the stimuli, allocation of 

attention, stimulus relevance and memories of past experience are important (Baddeley, 2000; 

Schmidt, R., A., 1988; Schmidt & Wrisberg, 2004). 

 An important assumption of this model is that, serial and non-overlapping processing 

exists between a stimulus and a response. Therefore, the information processing approach to 

cognitive functioning attempts to understand the stimulus-response relationship. The stimulus is 

information entering through the short term sensory store while the response is the resulting 

behavior.  

  Utilizing the information-processing model in Figure 4, a framework for examining the 

characteristics of attention, memory and decision-making is provided.  Initially, all sensory 

information is maintained in sensory store and via attention and perception, information is 

moved into working memory or conscious thought.  When the information is in working 

memory, prior experiences that are in long term memory can provide direction to the selection of 

the skill.  For all actions, many alternatives exist from which the individual must select. Finally, 

the motor response is programmed and the muscular system is organized for the desired 

movement. Throughout the information processing cycle the individual must attend first to 

environmental information to select the important cues, selectively attend to the important 

information in memory, and then base the decision on the task criteria. 

 



In order to understand the processes involved in information processing among children, 

the key components of the model, namely attention, memory and decision making are discussed 

next. Given that the Short Term Sensory Store (STSS) is the most peripheral and takes place 

where senses store what has been received before any cognitive processing occurs, it is necessary 

to begin this discussion with STSS. 

5.1.1 Short Term Sensory Store 

STSS refers to the fact that, after experiencing a stimulus, information about that stimulus is 

briefly held in memory in the exact form it was received, until it can be further processed. It is 

the most peripheral component of memory where environmental information first enters the 

system and each stream of information is held for only a few hundred milliseconds before the 

next stream replaces it. An example is, if a line of print is flashed at an individual very rapidly, 

for example, for one-tenth of a second, all the letters one can visualize for a brief moment after 

that presentation constitute the STSS. It is at STSS where the character and features of the 

stimuli are first registered and held according to their sensory modality (auditory, visual or 

tactile). These features are however not perceived at this stage, because they occur prior to 

conscious involvement by the individual, hence very little processing occurs. Some of the 

features registered at the STSS might include the shape of the object, the feel of a surface or 

sound coming from a nearby place (Rose, 1997).  

It is at the STSS where the individual must direct his/her attention to the different aspects 

of the registered stimuli for selection for further processing in memory. In the case of selective 

attention, the remaining stimuli which one chooses not to attend to will disappear instantly or 

will be replaced by the next stream of information. By nature, the STSS involves no processing 

as it occurs before conscious involvement by the individual. Once information has entered STSS, 



depending on its relevance, or pertinence to the task at hand, it is then transferred to the working 

memory via selective attention which is discussed next. 

5.1.2 Attention 

One component of cognitive functioning that is usually considered the core of information 

processing and has not been measured throughout the studies comparing fit and unfit individuals 

is attention. A central concept in the information processing approach, attention, is a difficult and 

elusive phenomenon to define, therefore scientists and psychologists have preferred to 

operationalize attention. Horn (1992) has conceptualized attention as the amount of information 

that can be attended to at any one time as well as the ability to switch from one source of 

information to another. Schmidt and Lee (1999) have described attention as focalization and 

limitation of  information processing resources.  

What appears to be consistent in the various definitions of attention is that; it is limited 

(an individual can attend to only a restricted amount of information at a time) and it is selective 

(an individual needs to select and attend to meaningful information or ignore irrelevant 

information).  The component of attention that is of importance to this study is selective 

attention.  Children differ in how they attend to the environmental cues which is covered next. 

5.1.3 Selective Attention 

Related to the limited-capacity view is the concept that human beings can selectively allocate 

attention to different inputs or tasks. Selective attention is conceived as a process by which 

certain information is preferentially selected for detailed processing while other information is 

ignored. A common example of selective attention is the cocktail party phenomenon (Cherry, 



1953) where an individual in a party crowd can attend selectively to a conversation with one 

person even though noise and a number of other conversations are taking place around them. 

Furthermore if during that conversation someone in the crowd mentions the individual’s name, 

his or her attention is immediately diverted to that person in the crowd.  

It is during the stimulus-identification stage of information processing that several 

segments or ‘streams’ of information are processed simultaneously and in parallel.  Each stream 

of information is then held for a few hundred milliseconds in different short-term sensory stores 

(STSS) before being replaced by the next segment. While a considerable amount of information 

passes through a person’s STSS, not all of the information reaches a conscious level, rather, a 

selective attention mechanism selects some of the information in STSS for further processing 

while the remainder is lost or replaced by the next stream. It is at this point where it is believed 

the final decision regarding what information is selected for further processing is made 

depending on its relevance to the task at hand.   

Selective attention abilities of adults are more efficient when compared to those of 

children. Adults appear to overcome distractions and produce accurate responses to the target in 

a wide variety of tasks. On the other hand children are less efficient selectors than adults; they 

produce larger interference effects from irrelevant distracters than adults, (Davies & Thomson, 

1988; Ridderrinkhof et al 1997; Ridderrinkhof, & van der Molen, 1995).  

Ross (1976) proposed three phases in which development of selective attention occurs: 

overexclusive; 2- to 5-years of age, children most often pay attention to one stimulus and are 

easily distracted, overinclusive; 6- to 11-years of age, children attend to several environmental 

stimuli and selective attention; from 11-years, children develop the ability to selectively attend to 

task-appropriate cues and ignore irrelevant information. These phases show that older children 



are much more likely to ignore information that is irrelevant or that distracts from the central 

activity than are younger children. An example of Ross’s study was demonstrated by Miller, et al 

(1986). Children aged 6-, 8-, and 10-year-olds were asked to remember the location of items they 

had already seen behind closed doors by opening those doors. Eight- and 10- year olds were 

more likely than the 6-year olds to open doors that contained relevant stimuli such as ‘items to 

remember’.   

In a study to predict cognitive development in late childhood and adolescence, Travis 

(1998) used a selective attention task to investigate age-related changes in speed of processing 

and executive function of twenty-five 4th, 8th and 12th grade students. The selective attention 

consisted of 200 common geometric shapes randomly ordered (40 each of squares, triangles, 

circles, hexagons and diamonds). Each shape was presented for 175 ms, with an inter-stimulus 

interval of 1.3 s. The subjects were instructed to respond to one of the shapes with a right button 

press (target 20 %), and a left button press to all other shapes (standard 80 %). Each subject 

received three blocks of 200 trials with different targets in successive blocks: triangles, squares 

and diamonds, respectively. Subjects were told to emphasize both speed and accuracy, thus, 

speed was regarded as a component shaping development. RTs were averaged for correct target 

and standard responses for each block (right button for presses to the target stimuli and left to 

standards). Accuracies were calculated as the percentage of correct responses. A one-way 

ANOVA with three levels of grade revealed a significant main effect for grade, with 

performance reflecting improvement in selective attention with age. The accuracy rates steadily 

declined for 4th and 8th grader students over blocks when compared to that of 12th graders. RTs 

were also faster for the 8th and 12th grade subjects than the 4th graders. These studies indicate 



that older children perform more efficiently than younger children in tasks that require irrelevant 

information to be ignored as relevant information is being processed. 

Investigating selective attention of children with attention deficit hyperactivity disorder 

(ADHD), a recent study (Brodeur & Pond, 2001) examined the influence of age on a selective 

attention task in a sample of children with and without ADHD. Although the study included 

children with ADHD which is not specifically relevant to this study, older children without 

ADHD were more efficient in selective attention tasks than younger children without ADHD. 

Thirty-two children (6- to 8-years olds, 9- to 12-year olds) completed a visual attention task. The 

subjects were told that they would see pictures of clothing (tie, shirt etc) on the computer screen, 

and that they should indicate what they saw by depressing a corresponding button on the 

keyboard. They were also informed they would hear words in the headphones but they should 

ignore the words in the headphones and respond as quickly as possible in response to the pictures 

without making errors. Children were presented with a visual stimuli on the screen for 3000 ms 

or until a response was made. While all children experienced distraction, younger children were 

affected more by the headphones than were older children. Mean RTs and accuracy scores for 

older children were significantly different from that of younger children (mean RT=137.01, 

mean ACC 0.59 for younger group and Mean RT =83.12 ACC 1.04 for older group).  

Similar to other reported studies on attention (Enns & Cameron, 1987; Colombo, 2001; 

Gallagher & Thomas, 1986; Guttentag & Ornstein, 1990) younger children have deficits in skills 

that are needed to develop and use strategies for selective attention and they produce larger 

effects from irrelevant distracters when compared with older children ( Ridderrinkhof, et al 

1997). Thus, the younger children’s ability to process relevant information and to selectively 

inhibit irrelevant information is affected by their inefficient strategy use. Furthermore, Wickens 



and Benel (1982) indicate that the ability to efficiently allocate attentional capacity improves 

with age and that developmental differences in attending to dual tasks may be due to lack of 

automation and how the individual deploys their attentional skills. Thus, as children grow older 

they become more adept at controlling the allocation of their attention and require less of the 

capacity resources.  

Becoming more efficient at selective attention which requires less capacity has been 

demonstrated to be sensitive to the fitness level of older adults.  Physically fit older adults have 

demonstrated a less rapid decline in attentional capacity than their less-fit peers, and 

consequently perform better on tasks in which attentional resources are a limiting factor (Enns & 

Girgus, 1985; Chodzko-Zacjko, 1991). These studies suggest that cognitive tasks, which require 

effortful processing, should be more sensitive to the effects of fitness than tasks, which can be 

performed with minimal attention.  

Since attentional capacity is limited, the question becomes; are young children more 

limited in their capacity than older children or adults. One way to determine limits of attention is 

through the use of a dual task paradigm.  A dual-task, which is used to measure the limit of the 

individual’s processing capacity or attention, was used in this study to determine the attentional 

demands of the primary task while simultaneously performing the secondary task.  

The type of secondary task called probe technique usually uses a probe whereby an 

auditory or visual stimulus is presented at different times during the performance of the primary 

task. Consequently, if the primary task is demanding, there will be little attentional capacity to 

spare for the secondary task, resulting in a slower probed RT, however, if little capacity is 

required for the primary task, then there will be attention capacity for the secondary task 



resulting in fast and accurate RTs. Thus, poor secondary task performance will be expected to 

accompany a difficult primary task.   

 In the dual-task approach, the task of interest is usually the primary task. However a key 

question is the selection of the secondary task that accompanies the primary task. In selecting a 

secondary task it is critical to establish if the secondary task elicits structural or capacity 

interference.  Structural interference is caused by simultaneous use of common processes needed 

for both tasks (eg simultaneous tapping and aiming) while capacity interference arises when 

cumulative attentional  (visual tracking and auditory response) demand of the two tasks exceeds 

the available central processing capacity (Kahneman, 1973).  One purpose of this study was to 

compare the attentional demands of active and inactive children after attentional demands of the 

primary task have been met, therefore, the secondary task selected in the dual-task test of this 

study used different sensory and response modes (capacity interference) than that needed for the 

primary task. The test had a primary task, tracking and a secondary task, reaction to an auditory 

and visual stimulus. 

 In examining selective attention using the dual task paradigm, the subject is 

required to attend to the main task and then randomly is required to respond to a second task. 

The individual is to maintain performance on the main task and respond as quickly as possible to 

the second task.  While directing attention toward the primary task may show deficits in the 

performance speed or quality of the secondary task, shifting attention to the secondary task may 

cause the primary task to suffer while the secondary task improves. These measures of deficits 

and impairments in the primary task while shifting attention to the secondary task are used as 

measures of selective attention. In this study, selective attention, as a component of information 

processing was tested on fit and unfit children to establish if fit children are able to focus their 



attention better than unfit children. If the children’s performance on the primary task is stable 

and there are decrements in the secondary task, they are not distracted by the secondary task and 

appropriately attending selectively. If however there is a decrement in the primary task, the 

individual has not selectively attended to the appropriate cues. 

The focus so far has been on the limitations of selective attention and that children’s 

attentional ability is less efficient when compared with that of older children and adults. Once the 

individual has processed information from STSS by selectively attending to some information 

and ignoring some, the information is moved into working memory which is discussed next.  

5.1.4  Memory 

Memory, which is usually viewed as the storage of material emanating from the activities of the 

various information-processing stages, is an important process associated with production of 

effective movements. As observed in the preceding sections, memory is continually used 

throughout waking hours. Like attention, memory is a critical factor to the understanding of 

information processing and motor performance. Everywhere in our lives, be it playing sport or 

conversing with friends we are often faced with situations that require memory to produce 

action. Two types of memory are discussed next, working memory and long term memory. 

5.1.4.1 Working Memory 

Working memory, also referred to as short term, involves holding information for brief periods 

of time, and then forgetting it or deciding to process it further. When information is moved into 

working memory via selective attention, controlled information processing activities are applied 

to information in the working memory. For example, a person is using working memory when he 



or she is trying to recall a telephone number that was heard a few seconds earlier or the name of 

a person who has just been introduced.  Thus, information in working memory can be held only 

as long as the individual can direct his or her attention to it, if they direct their attention 

elsewhere, individuals forget the contents, with complete loss accruing in perhaps 30 s (Schmidt 

& Wrisberg, 2004).  Because of the active role played by working memory, it is widely believed 

to be responsible for the ability to store and manipulate information for brief periods of time 

(Conlin, Gathercole, & Adams, 2005) and considered to have a limited capacity with storage 

duration of about 20 to 30 s (Gabbard, 2004). Thus, the working memory is characterized by 

capacity - amount of information that will reside in working memory and duration - length of 

time information will remain in working memory. The working memory is then, used as a 

workspace to briefly store information presented in the immediate past before further processing 

and like attention it has limited capacity and duration for storing information. Memory capacity 

and duration are discussed next. 

5.1.4.2 Capacity of working memory 

One feature in processing of information that has strong implications for performance is the 

concept that memory is limited in its capacity to handle information from the environment. 

Gabbard (2004) notes that if a specific movement activity requires attention, then some (or all) of 

an individual’s limited capacity must be allocated to the performance. In this case, since capacity 

is believed to be limited, interference will occur if another activity requires these resources 

resulting in either loss of speed or quality of performance.   

In a classical study, to quantify the capacity limit associated with working memory, 

Miller (1956) proposed that, for a remarkable number of different kinds of information, working 



memory capacity for young adults is at most around 7 + 2  items, or chunks of information. The 

fact that we can easily recall seven digits justifies Miller’s proposition.  

There is however, evidence in memory capacity research suggesting that children’s 

working memory improves markedly up to early adolescence with substantial changes from two 

digits in 2- and 3- year-olds to about five digits occurring at age 7-years (Dempster, 1981) after 

which the process steadily increase to adulthood. Thomas, Thomas, Lee, Testerman, and Ashy 

(1983) have found that children’s ability to recall distance improves with age as does the 

apparent use of processing strategies such as rehearsal.  

As children age, they are quick to recognize relevant information and become more 

skilled at performing cognitive operations that are linked to motor operations. This notion is also 

supported by current research approaches which regards to working memory as emphasizing 

active processing as opposed to merely a memory store (Baddeley, 2000; Gallagher, French, 

Thomas, & Thomas, 1996). In order to process information in working memory, a memory 

strategy is adopted. Development of children’s memory strategies as a process is viewed as 

analogous to the development of skill.  

A study to determine relationship of speed of processing and working memory in adults 

was also demonstrated in children (Miller & Vernon, 1996). The authors administered a battery 

of computer based reaction time and memory tests to 4- to 6- year old boys and girls. The 

working memory was assessed using color, shape and tone spans where participants had to recall 

the sequence of presentations by pressing one of the three keys on the computer screen that 

correspond with the presented stimuli. Capacity was measured by requiring the subject to 

remember a series of  red and yellow color squares or green squares and triangles (presented 

individually or  together) sequences or series (red and yellow squares, ranging from 2-7 squares 

in length).  The study revealed distinct developmental trends in processing speed and memory 



capacity; memory span was highly correlated with age, whereby, as age increased so did the 

memory span. 

It has so far been established that not only is memory limited in its capacity to handle 

information from the environment but the length of time information will remain in working 

memory is also limited, therefore duration is discussed next.  

5.1.4.3 Duration of working memory 

The most important characteristic of working memory is that, it retains information for a limited 

amount of time only. A nice illustration of this limitation was a study by Adams and Dijkstra 

(1966), who were among the first to show that, not only is   information lost from working 

memory after about 20-30 s but most importantly that movement information has short duration 

in working memory. In a classic study that became the standard pattern for what was termed 

motor short-term memory research, Adams and Dijkstra wanted to establish if motor or 

kinesthetic information is also lost as rapidly as verbal information in the working memory. The 

authors had their subjects blindfolded, seated and asked to move to a stop on a linear positioning 

task, a free moving handle that slides along a metal rod. The task was to move the handle to a 

stop and then return the handle to a starting point. Following a specified time interval, with the 

stop removed, the subject repeated the task by moving the handle to a point where she or he 

estimated the location. The experimenter scored accuracy by recording how far the subject’s 

estimate was from the criterion location. The authors’ idea was that if verbal information in the 

working memory has short duration, so does the motor information. The results of their study 

indicated that the motor or kinesthetic information suffers the same fate of short duration as 

verbal information in the working memory. Studies (Dempster, 1981; Kail, 1991; Miller & 

Vernon, 1996) that have been conducted after Adams and Dijkstra’s investigations have 



generally supported the notion that duration of kinesthetic information in working memory is 

about 20-30 s.  

There are two reasons why the current study used working memory to examine the 

aspects of information processing that may be responsible for the differences found in how 

children process information. First, Bjorkland and Coyle (1995) have suggested that with 

practice or experience children become more efficient at using their working memory space. 

There is a universal agreement that practice and experience improves performance of different 

motor skills, this study wanted to establish if participating in activities that lead to fitness 

provided the children with experience at using their working memory and therefore fit children 

would be better able to use their working memory when compared to unfit children. 

Secondly, the studies reviewed on limitation of memory capacity and duration has always 

been that as children mature, so does their search strategy and memory capacity. The few studies 

that have looked into the relationship of physical fitness and information processing have 

however failed to address what aspects of information processing may be responsible for the 

differences found in how children process information. Therefore, this study examined the 

memory capacity and duration aspects of working memory, which is an important component of 

information processing. In this study, numeric vigilance and probed memory test were used to 

assess the children’s working memory. For numeric vigilance, three-digit numbers, randomly 

differing from the previous one, were presented on a computer screen at a rate of 100/min and 

80/min and subjects were required to identify the duplicates by pressing a spacebar as they 

occurred. For probed memory, the subjects were shown a series of eight and ten consonants; a 

new consonant was added every second.  The subjects were instructed to remember and recall 

one second after the whole eight and ten characters had been displayed on the screen.  



Since working memory has limited capacity and duration, it briefly stores information 

that has been presented in the immediate past as well as information that has been retrieved from 

long term memory. Long term memory is discussed next. 

5.1.5 Long Term Memory 

Unlike working memory, long term memory (LTM), or knowledge base, can store much larger 

quantities of information and it is considered limitless in both capacity and duration. This 

component of memory contains information about specific past events as well as general 

knowledge about the world. The fact that LTM appears to have unlimited capacity and duration 

characteristics, makes it different from working memory.  Information that is stored in the LTM 

results from controlled and generally effortful processing which involves rehearsal and 

connection of old information with the new. This study was not directly investigating LTM but 

through working memory children access LTM. Thus working memory briefly stores 

information presented in the immediate past as well as information that has been retrieved from 

LTM.  

A noteworthy phenomenon in LTM is that while memory capacity and duration are 

equally limited, motor skills in LTM seem to be recalled after a long time of non-use than verbal 

skills. A famous example is that of remembering how to ride a bicycle after several years while 

remembering a poem learned from school around the same time might provide some difficulty 

(Magill 1989). 



5.1.6 Decision Making 

Working memory, including capacity and duration, have been reviewed.  Within working 

memory, individuals need to make decisions and execute a response.  While studies on decision-

making have examined how adults make decisions, few have explored this important aspect of 

children’s decision making. As mentioned in the preceding paragraphs, it is during response 

selection in working memory that the individual must decide what movement or action to make 

given the goal and the environmental stimuli. The idea of information processing theory is that 

information from each component is integrated and synthesized in working memory in order to 

make a decision.   

Studies show that strategies employed by older children and adults are different from 

those used by younger children. Davidson (1991) examined the decision making strategies of 

second-, fifth-, and eighth-grade students using a decision board, a method used previously with 

adults. A decision board procedure involves a presentation of information about alternatives or 

choices, which allows subjects to open doors to examine information about different alternatives 

before making decisions. This procedure permits the experimenter to record what information is 

examined as well as the order in which the information is uncovered. 

 The results showed that, compared with younger children, the older group searched 

significantly fewer alternatives as well as fewer dimensions of those alternatives. Older children 

searched information more efficiently and systematically resulting in better decisions than 

younger children. Younger children have difficulties distinguishing between relevant and 

irrelevant information. Similarly, other researchers found that younger children attend to 

irrelevant information more than older children in speeded classification tasks (Hagen & Hale, 



1973) and display differences in attention to relevant information in memory tasks (Miller, et al 

1986).  

In summary, research studies on decision-making have focused on developmental 

differences across childhood. In particular studies have mostly focused either on when different 

age groups of children make decisions or how young children differ from adults in decision 

making. Having said this, it is possible that the young child’s effective search strategy might 

simply be following a different, less adequate, strategy than that of older children.  Unlike adults, 

few studies have looked at the effect of physical activity on decision making of young children 

of the same age group. One purpose of this study was to examine the effect of physical activity 

on decision making of younger children, whereby, participants were expected to perform tasks 

on the computer that required them to make quick decisions by responding as quickly as possible 

to auditory and visual stimuli based on a number of alternatives. 

5.2 RELATIONSHIP OF PHYSICAL FITNESS TO COGNITION 

While the object of this study was not to address cognition in children, it was important to 

discuss how cognition develops and relates to information processing and decision making.  The 

remainder of this section will review measures of cognition, studies that have investigated 

information processing differences between adults and children and tie the tests used in this 

research to the components of information processing. Studies that looked into the relationship of 

physical activity and the various components of information processing were discussed last. 



5.2.1 Cognition 

In general terms, cognition is the act of knowing and knowledge is gained via mental process. 

Gabbard (2004) refers to cognition as “an integral part of perceiving, recognizing, conceiving, 

decision making, reasoning and varying any of the perceptual-conceptual processes” (pp 225). 

Cognition is also regarded as a major psychological determinant in the ability to program 

information (Gabbard, 2005). Programming helps individuals formulate thought which results in 

either verbal or physical expression. According to Gabbard, attention, perceptual awareness and 

information stored in working memory all influence programming. Therefore, in order for the 

individual to produce a thought or motor response, information is collected from the environment 

through any of the six senses, and through selective attention, that information is passed on to the 

working memory, where a decision as to effect a motor response is made, this process is known 

as information processing. 

5.2.2 Cognition and Fitness  

Various studies have investigated information processing differences between adults and 

children including speed of processing, attention, memory and decision making and all 

concluding that children process information differently from adults.  This study investigated if 

children who were more physically fit were more attentive, remembered more and made better 

decisions than those children who were less fit.  

For older adults cross-sectional studies have found a positive relationship between fitness 

and cognition by examining information processing speed using simple and choice reaction time 



measures (Bjorkland, 1991; Rowland, 1980). Active older adults have faster simple (SRT) and 

choice reaction times (CRT) when compared with their older sedentary counterparts.  

A great majority of research studies demonstrate a relationship between an active lifestyle 

and cognitive functioning in the elderly population (Chodzko-Zacjko, 1991; Etnier, Salazar, 

Landers, Petruzzello, Han, Nowell, 1997; Clarkson-Smith & Hartley, 1989; Sherphard, 1996; 

Spurdoso, 1975a 1980b), however, this phenomenon has not been extensively studied in 

children. The relationship becomes significant in the school system because not only is a large 

portion of school time spent in the cognitive and academic domain, over years, Physical 

Education programs have become unpopular in the schools system. Therefore, examining the 

potential relationship between physical activity and cognition is important. Physical activity and 

fitness are also declining as evidenced by how nowadays, children spent more time in sedentary 

pursuits such as TV watching and video games and less time on any form of physical activity 

and fitness. 

 Studies that have proposed to explain the relationship of physical activity, fitness and 

cognition have relied either on physiological mechanisms or learning/development mechanisms. 

The physiological mechanism, resulting from purposeful movement causes some integrated 

activity of the central nervous system (CNS) with the body periphery, such that the CNS must be 

able to identify and perceive sensory input, determine useful actions and execute those actions 

with correct movement sequencing, timing and coordination (Light & Spirduso 1990). The 

increased cerebral blood flow hypothesis is based on physical changes in the body that occur as a 

result of exercise where moderate-to-high intensities of exercise have shown large increases in 

cerebral blood flow as a function of exercise. Research studies further indicate that cerebral 

blood flow then benefits cognitive functioning of the organism due to the increased supply of 



essential nutrients (glucose and oxygen) to the brain (Chodzko-Zacjko, 1991; Madden, 

Blumenthal, Ekelund, & Emery, 1989). The learning/developmental mechanism explains the 

relationship via learning experiences that aid, and may even be necessary for, proper cognitive 

development (Sibley & Etnier, 2003).    

  Previous studies that have looked into the relationship of cognition and fitness in 

children have been hampered by difficulties with focusing their studies mainly on academic 

performance as the key measure of cognition and use a wide variety of academic performance 

measures.  Most of the studies have also suffered methodological shortcomings, including use of 

wide variety of cognitive and fitness measurements and validity issues.  

The academic performance tests that have been used in studies of fitness and cognition 

used a wide variety of “cognitive” measures such as perceptual skills, IQ, academic 

achievements, arithmetic, reading, verbal tests and memory (Sibley & Etnier 2003), scholastic 

ratings (Dwyer, et al 2001), reading and math (Tremblay, Inman & Willms 2000), pre-SAT 

scores (Grissom, 2005), mathematics (Gabbard & Barton 1979; McNaughten & Gabbard 

1989),and student perception of academic performance (Lindner, 1999).  

Consequently, the validity and reliability of the various cognitive measures is 

questionable since many of the measures were created for the specific study and validity and 

reliability measures were not reported. The problems with the measures of physical fitness were 

the variety of measures used.  The measures included self-reported (Lindner, 1999), cycle 

ergometer, anaerobic measures and walking (Dwyer, et al.). Given the few studies on each of the 

measures, conclusions are difficult to make. Despite all these varied measures of cognition, a 

meta-analysis (Sibley & Etnier, 2003) concluded that there was a positive relationship between 



fitness and cognition. The group that was exposed to physical activity scored better on the 

variety of cognitive measures. 

 The current study investigated the various components of information processing to 

determine whether fitness level improved attention, memory, and decision making.  In other 

words, were fit children better able to attend to the task appropriate cues, were they able to keep 

more in memory for a longer duration, and did they make better decisions.   

The difficulties with previous research on cognition have been addressed and what 

follows is how measures used in this study would address these problems.  The measure of 

physical fitness used in this study was aerobic performance as measured by a cycle ergometer 

test. Aerobic capacity is a measure that is felt to be the most important in relation to cognition 

and information processing. 

The tests used in this study are part of the Psychomotor Evaluation test (PsychE). These 

psychomotor performance tests, especially reaction time and movement time, have been used by 

researchers to explore the various components of information processing. The PsychE is an 

integrated program that is used to assess psychomotor and cognitive tests using tasks and 

methodologies, derived from research in experimental psychology and ergonomics that assess 

memory, perception and attention (Hope, et al 1998). The tests in this battery were used to 

measure selective attention, memory capacity and duration and decision making. 

Probably one of the most comprehensive studies investigated the relationship between 

fitness test scores (FITNESSGRAM) and standardized reading and mathematics scores of 

884,715, 5th, 7th and 9th grade students enrolled in California public schools. Grissom (2005), 

found a consistent positive relationship between overall fitness and standard mathematics and 



reading scores. Thus, as overall fitness scores improved, mean achievement scores also improved 

in a statistically significant way.  

While findings of these studies suggest that fitness is related to general improvements in 

cognitive function, they however, do not provide any understanding of the underlying 

mechanisms by which physical fitness impacts the key components of cognition such as 

attention, memory and decision making. Thus, reviewed studies so far indicate that the effects of 

physical activity and fitness are not global; physical fitness appears to affect certain aspects of 

cognitive processes. Therefore, this study utilized components of information processing model 

to provide a framework for assessing the impact of physical fitness and cognition. 

     What the reviewed studies have not addressed was what component of the information 

processing continuum was affected by physical fitness. In an initial attempt to separate the 

various components of information processing Mokgothu (2000a) investigated memory capacity 

and decision making of 7- and 9- year-old habitually active and sedentary children drawn from 

rural and urban areas of Botswana, Africa.  The rural children were considered naturally fit 

(which was confirmed by a sub-maximal exercise test) by virtue of their habitually active 

lifestyle. All children completed anthropometric measures and sub-maximal cycle ergometer 

tests. Cognitive tests included simple and choice reaction time (SRT, CRT) and measured 

response time to stimulus and decision making time respectively. Simple and Choice movement 

time (SMT, CMT) measured interval between start of movement and its completion and Simon 

game measured memory sequence. Results indicated that the rural fit group exhibited faster SRT 

(287.00 msec, SD=52.73 msec) and CRT (381.00 msec SD=64.68) than their urban unfit group 

(322.20 msec, SD=34.35 msec) and (414.36 msec, SD=30.98 msec) respectively.  The SMT 

showed a trend for the rural fit children faster on choice reaction time but all groups similar on 



CMT. The results implied that fitness was a factor in cognitive functioning, thus physical fitness 

may play a role in determining how children process information.  

Follow-up pilot data (Mokgothu, 2001b) using more sophisticated testing (PsychE test 

Battery), and expanding on the previous study, added the following cognitive measures: a) 

Discrete 6-choice reaction time  b) Dual task-tracking - The test had a primary task of tracking 

and a secondary RT task. The test measured impairments in the secondary task while 

maintaining the focus on primary task. Subject followed a smooth but randomly moving target 

on the computer (using a mouse) while responding to a secondary task by pressing the spacebar 

whenever a small sun symbol appeared randomly on the computer screen. The task measured the 

subject’s selective attention through RT and SMT.  The fit performed better than unfit groups for 

SRT and SMT. Results show that fitness level has an effect on different points in the information 

processing cycle. This study expanded the previous studies to investigate attention, memory and 

decision making.  

Accordingly, Hillman, Castelli and Buck (2005) further explored this fitness-cognition 

relationship by examining underlying brain functions associated with cognition in high- and low-

fit children and adults. Fitness was assessed by the FITNESGRAM, and cognitive function was 

measured by neuroelectric and behavioral responses to a stimulus discrimination task. Results 

showed that high-fit children had faster RT than low-fit children. High-fit children also indicated 

faster neurocognitive processing as measured by the P-3 response. The P-3 (component of event-

related brain potetials) is theorized to index processes involved in the allocation of attention and 

working memory resources. The results of this study suggests that fitness was associated with 

increasing neuroelectric indices of attention and working memory resources, and response speed, 

which as a consequence may influence the speed of performance in children. 



5.2.3 Information Processing Components Justification 

Taken together, successful motor performance is based on a combination of three important 

components of information processing. First, attention (perceptual recognition) by selectively 

attending to task demands relevant to the task at hand; second, speed of memory functions; being 

able to effectively search, retrieve and recall information quickly and accurately; and third, 

decision-making; being able to distinguish between relevant and irrelevant information and 

determine the appropriate response. The components and how they were measured by different 

tests is discussed next. 

5.2.3.1 Selective Attention  

Attention is an important factor in achievement of motor tasks since it involves alertness 

and preparation of the motor system to affect a response. To successfully perform a motor task, 

the individual needs the ability to select and attend to meaningful information. The test of 

selective attention in this study was the Dual Task-Tracking and Simple Reaction Time. The task 

involved attention to a primary task while performing a secondary task as appropriate. The 

individual was instructed to perform the main task and when prompted, respond to the second 

task as needed. The individual should not reduce the performance on the main task.  An auditory 

distracter cue intermittently and randomly sounds and the individual was asked to respond as 

quickly as possible but without reduction in the performance of the primary task.  

If there was no deficit in the primary task, the individual was selectively attending to the 

primary task. If there was a decrement in the secondary task, the individual was ignoring the 

irrelevant cues. If there was no decay in either the primary task or the secondary task, the 

individual had sufficient memory to complete both tasks. If the subject had a decrement in either 

the primary or the secondary task, the individual was distracted. This task required the subject to 

use a computer mouse to follow a smooth but randomly moving target (primary task) on the 



computer screen as close as possible. At random intervals a stimulus in the form of an auditory 

beep (secondary task) was presented. The subject was asked to press the space bar of a computer 

keyboard as soon as the auditory stimulus was heard. The test was also able to measure the 

subject’s reaction time and time-on-task.  

5.2.3.2 Memory Capacity and Duration 

According to Bjorkland & Coyle (1995), with practice or experience, children become more 

efficient at using their working memory space. If higher fit children were more physically active 

and thus were more experienced due to regular practice, their motor skills should be enhanced by 

practice and experience, therefore, this test should establish if higher fit children assumed to be 

experienced at using their working memory, would perform better than their lower fit 

counterparts in memory tests. Memory tests included measures of capacity and duration. 

The memory capacity component of information processing is limited in its capacity to 

handle information. Young children are known to experience difficulty in the amount of 

information they can handle at any time. The probed memory task was used to measure capacity 

of working memory. The capacity of working memory was determined by presenting the subject 

with a sequence of eight and ten consonants with a new consonant being added every second. 

The consonants remained visible until the last consonant was displayed upon which all 

consonants were be blanked. The subject was then presented with a consonant and asked whether 

or not it had been part of the prior list, the answer was given by clicking ‘yes’ or ‘no’ with the 

mouse on the computer screen. The list length of consonants was eight and ten where 50% of the 

probe consonants belonged to the original list. This test measured capacity since remembering 

whether the consonant was part of the original list involved the ability to store information in 



memory with the ability to retrieve it later. The capacity was determine by the performance of 

each of the lists where the list with the best performance determined as the capacity length. 

Memory duration, which is the length of time the information can reside in working 

memory, is limited. The numeric vigilance test was used to assess the subject’s memory 

duration. Information in working memory is known to last no more than 30 s, whereby if not 

rehearsed, or processed, it is lost or replaced by another stream on information. This test 

established if subjects were quicker and more efficient in recognizing relevant information 

(duplicates). The subject was asked to identify duplicates of three-digit numbers shown on a 

computer screen by pressing the spacebar as soon as a duplicate appeared. The three-digit 

numbers were shown on a computer screen. To measure the duration of memory, rate of 

presentation was included 100 and 80-three digit numbers per minute. Each number differed 

randomly from the prior number in one digit. A sample might be 122, 172, 721, 721, 227, 274, 

285, 874 containing a single duplicate 721. Correct responses, missed duplicates and incorrect 

duplication responses were recorded. Test duration was nine minutes. 

5.2.3.3 Decision Making  

One way this study measured decision making was by subtracting simple reaction time from 

choice reaction time. Movement time, which is the time required to complete the motor response, 

was used to determine whether they were continuing to think as they moved. Decision making 

was measured by a combination of the Discrete Simple RT and Discrete 6-choice RT. The 

Discrete Simple RT initially measured alertness and preparedness using an auditory stimulus. 

The test assessed the subject’s alertness by measuring the interval of time between stimulus onset 

(auditory beep) and the initiation of motor response (lifting finger from home key). The task 



required the subject to respond as quickly as possible to the auditory beep, a task which involved 

reacting as quickly as possible to the stimuli.  

The Discrete 6- choice RT and movement time were also used to measure decision 

making. The discrete simple reaction and movement time were subtracted from the choice 

reaction and movement time to measure decision time. It was expected that the decision reaction 

time would vary and decision movement time remain the same. If the decision movement time 

differed, that indicated that the subject was continuing to decide what response to make.  

In summary the purpose of this study was to examine the relationship of physical fitness 

to the information processing components of attention, memory and decision-making. 

 

 

 

 

 

 



APPENDIX B 

APPENDIX B SHOWS IRB, RECRUITMENT PROCEDURES, M-ABC PROTOCOL, 

INSTRUCTIONS AND TESTING PROCEDURES. 

 



 
 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 

 

 

 

COPY OF LETTER SENT TO PARENTS 

 

 

Dear Parent-Guardian 

 

I am pleased to announce that the East Allegheny School District in co-operation with the 

University of Pittsburgh School of Education will continue an educational research project in 

physical education that began last year.  Mr. Allen R.  Wagner former EA 9th & 10th grade 

guidance counselor will supervise the program for the University of Pittsburgh.  I encourage you 

to permit your child to participate in this educational project. 

 

The informed consent form that you find included with this letter is part of the process 

required by the University of Pittsburgh for any research project and explains in detail the 

activities that will be used.   

The data collection does not take long (Data is collected during 1 or 2 class periods) 

during the school day.  Most of the data collection will be done during regularly scheduled 

physical education classes and involve activities that the students normally participated in.   

 

The attachments to this letter and the consent form explain all of the activities in great 

detail.  If you would like your child to have the opportunity to participate in this program please 

initial or sign at the designated areas and have your child return the permissions to the guidance 

secretary, Mrs. Gorski in the first floor Guidance office. 

 

Gary Pieffer 

Principal 

East Allegheny Middle/ High School 

 



 

MOVEMENT ABC 

CHILD MOVING ENVIRONMENT CHANGING 

We are trying to identify children who have movement coordination problems. 

Rate each child on a scale of 0 to 3 on each of the following items: 

0   1   2   3 

very well        just okay          almost       not close 

1. Move around classroom/school while avoiding collision with other moving 

person. 

2. Use non stationary playground/gymnasium apparatus such as swings 

unassisted. 

3. Ride moving vehicles such as pedal cars, tricycles, and bikes (as appropriate 

for age). 

4. Pull/push wheeled vehicles such as wheelbarrow, library and mat trolleys. 

5. Participate in chasing games (tag, mouse and rat). 

6. Run to catch an approaching ball. 

7. Run to kick an approaching ball. 

8. Run to hit/strike an approaching ball using racket, stick or bat. 

9. Use skills of catching, kicking, striking and/or throwing to participate in a 

team game. 

10. Move around keeping control of a bouncing ball. 

11. Move to enter a turning jump rope 

12. Move in a variety of directions styles and speeds while keeping time to a 

musical beat. 

13.  Keep time to a musical beat by clapping or tapping foot 

14.  How would you rate the child's level of fitness on a scale of 1 to 10 with 1 

being least fit and 10 being most fit? 



Movement ABC 

Instruction to the Teacher 

I am asking you to evaluate this child on their coordination.  Please read each item carefully and 

indicate on a scale from 0 to 3 with 0 indicating very well and 3 indicating not close.  

0   1   2   3 

 very well        just okay          almost       not close 

Anthropometric Measures 

Instruction to the Subject 

I want you to take of your shoes and socks and step on this scale and stand tall so that I 

can take measures of your height and weight. When I ask you to step on the scale, you will stand 

with your heels on circles, and the balls of your feet on the ovals. Stand still until I ask you to 

step off the scale. Do you have any questions? I now want you to step on this scale as soon as it 

reads '00' and sit upright for few seconds. 

 

Cycle Ergometer Test 

Instruction to the Subject 

Today I am going to give you a cycle ergometer test which measures your level of 

fitness. First, I want you to attach this belt around your chest, the belt has a transmitter that 

senses your HR and two electrodes that must be in contact with your skin in order to send signal 

to the watch. It is recommended that you wet the electrodes with water. The transmitter should 

be at a point just below the chest where your ribs meet (sternal notch). Do you have any 

questions? 

Now step onto the cycle so I can adjust saddle height. I want you to pedal at 50rpm and 

maintain that rhythm for 2-minute warm-up to get used to the bike and prepare for first stage. At 

the end of each stage and before the next stage, I will increase resistance by adding half a 

kilogram of weight. I want you to maintain a consistent paddling rate throughout the test. While 



cycling I will ask you how you feel and I want you to show me your level of fatigue on this 

chart, by pointing to a number that corresponds with your level of fatigue in a scale of 0 to 10.  

"0 being very easy and 10 being too hard.”  The test will continue until your heart rate reaches 

160 b/min. or you request the test to be stopped due to fatigue. At the end of the exercise, I want 

you to cool down by continuing to peddle for an additional 2 min at .30 rpm after which the test 

will be stopped. Do you have a question before we START? 

 

Cognitive Tests 

The response board will be positioned at a child-sized desk with the computer screen 5 inches 

behind the response board.  

Instruction to the Subject 

You are going to do some tests on the computer that assess you ability to pay attention, 

make some quick decisions and remember some information. I want you to sit on this chair and 

face the computer on the table in front of the chair. 

 

The Discrete simple reaction time 

Instruction to the Subject 

I want you to press down this home key with the index finger of the hand you write with 

and as soon as you hear a beep, I want you to lift your finger and press the number 6 response 

key on this board as quickly as possible. You will have to return to the home key to start the next 

trial. Do you have any questions? I will now give you three practice trials. Do you have any 

questions? Now, you will have 20 test trials.  

 

 

 



Discrete 6-Choice Reaction Time 

Instruction to the Subject 

 I want you to press down this home key with the index finger of the hand you write with 

and when one of the keys in the computer screen (4-9) is highlighted, I want you to lift the same 

index finger from the home key to press the corresponding highlighted response key on the 

response board as quick as possible. Do you have any questions? I will now give you three 

practice trials. Do you have any questions? Now, you will take the test which consists of 20 

presentations.  

Dual Task-Tracking and Simple Reaction Time  

Instruction to the Subject 

For this test I want you to use a computer mouse to follow this moving ball on the 

computer screen as close as possible. As soon as you hear a beep I want you to press the space 

bar of the computer with the other hand while still following the ball closely. Do you have any 

questions? You will have three practice trials before the test starts. Do you have any questions? 

Now you will do the test for 4 minutes.  

 

 

Numeric Vigilance 

 Instruction to the Subject 

I want you to closely watch the 3-digit number as they appear on the screen and every 

time a 3-digit number is repeated; I want you to press the space bar of the keyboard immediately. 

The three-digit numbers will be presented on a computer screen first at a rate of 80-three digit 

numbers per minute and then at a rate of 100-three digit numbers per minute and the digits will 

differ from the previous pattern in one of the digits. Do you have any questions? I will allow you 



30 seconds practice time. Do you have any questions? Now I want you to do the test for four 

minutes.  

Probed Memory 

Instruction to the Subject 

You will see a sequence of consonants on the screen. The consonants will remain visible for a 

while. After a second all eight consonants will disappear and you will be shown a consonant and 

asked whether the consonant was part of those shown previously. You will answer by clicking 

‘yes’ or ‘no’ with the mouse on the computer screen. Do you have any questions? Now I want 

you to practice three times. Do you have any questions? I now want you to do the test where 4, 

then 6, then 8 length consonants will appear in 20 presentations. 

 

 Tower of Hanoi 

Instruction to the Subject 

I want you to use a computer mouse to move 3 circular discs from a source Picket Left to a 

Destination Picket Right. You are allowed to move only one disc at a time and a large disc can 

never be placed on top of a smaller one. The discs should be moved from one tower to another in 

the least number of moves. Now, I want you to show me the understanding of the rules by 

illustrating the incorrect moves. Do you have any questions? Now I want you to start the test, 

and try to complete the task with a least number of moves and time. The number of moves taken 

will be recorded.  

 

 

 

 



APPENDIX C 

TOWER OF HANOI 

 

 

 
 

 

 
Figure 5: Tower of Hanoi 

 

  

  

  

  

  



APPENDIX D  

VO2 DATA SHEET 

 

Subject Number:_____________________________ 

Gender: Male/Female   (Circle One) 

Height: Feet______________  Inches__________ 

Weight: Pounds___________  Race ___________ 

 

 

Cycle Ergometer/VO2                                                   Heart rate and Omni Scale 

   Warm Up              _____  _____  _____  _____ 

 

25 watts  Stage 1  _____  _____  _____  _____ 

 

50 watts Stage 2  _____  _____  _____  _____ 

 

75 watts Stage 3  _____  _____  _____  _____ 

 

100 watts Stage 4  _____  _____  _____  _____ 

 

    Warm Down                    _____  _____  _____  _____ 

                                                    HR                         HR                HR                  HR 



APPENDIX E 

ANOVA TABLES 

Table 10  ANOVA summary table for Memory Capacity 

Tests of Within-Subjects Effects 

MS FSource df   

 

Group .67 .00 

Error 

3 

74  169.

Capacity 1120.92                10.71 

Group x Capacity .92 .01 

Error 

3 

67  104.

 
 

Table 11  ANOVA summary table for Memory Duration 

Source df

Tests of Within-Subjects Effects 

MS
 

 F 

Group 1 1  6.72 ,95

Error 

7 

8.57  

D  .42 uration 2.21 

Group x Duration .37 .07 

Error 

7 

5.32  

 



APPENDIX F 

TOWER OF HANOI OUTLIERS 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6: Tower of Hanoi Outliers for Move 

 

 
 

 

 

 

 

 

 

 

 

 



 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7:  Tower of Hanoi for Error 

 

 

 

 
 

 

 

 



APPENDIX G 

ANOVA SUMMARY TABLES 

 

 

 
 

 

 
Table 12  ANOVA summary table for Aerobic fitness (Vo2) 

 

 

 Source 
Type III Sum of 
Squares                df

Mean 
Square      F  

 

 

 

                        

Sig. 
Corrected     Model             3967.267(b) 1 3967.267 55.228 .000 

Intercept          61540.887 1 61540.887 856.712 .000 
group 3967.267 1 3967.267 55.228 .000 
Error 2729.686 38 71.834  
Total 68237.840 40   

Corrected Total 6696.953 39   

 

Table 13  ANOVA summary table for Attention (VSRT) 
 

   

Source 
Type III Sum of 
Squares df Mean Square F SSig.   

Corrected Model           14938.225(b) 1         14938.225         1.126 295
Intercept         10382591.025 1   10382591.025     782.849 000
group 14938.225 1         14938.225         1.126 295
Error              503977.750 38         13262.572   
Total          10901507.000 40    

Corrected Total              518915.975 39    



Table 14  ANOVA summary table for selective Attention (VSMT) 

 

Source 

Type III 

Sum of Squares df Mean Square F  Sig. 

Corrected Model             1020.100(b) 1 1020.100 .124 .726 

Intercept            4131918.400 1 4131918.400 503.202 .000 

group 1020.100 1 1020.100 .124 .726 

Error              312027.500 38 8211.250  

Total            4444966.000 40   

Corrected Total              313047.600 39    

 

 

 

 

Table 15: ANOVA summary table for attention (ASRT) 
 

Source 

Type III 

Sum of Squares df Mean Square         F  Sig. 

Corrected Model           23453.198(b) 1     23453.198         1.428 .240 

Intercept            8670018.250 1 8670018.250     527.986 .000 

group 23453.198 1     23453.198         1.428 .240 

Error              591153.644 36     16420.935  

Total            9356372.000 38    

Corrected Total              614606.842 37    

 

 

 

 

Table 16: ANOVA summary table for selective attention (ASMT) 
 

Source 

Type III Sum of 

Squares df Mean Square            F Sig. 

Corrected Model             9748.268(b) 1 9748.268           .316 .577 

Intercept           4400266.163 1 4400266.163     142.645 .000 

group                9748.268 1  9748.268           .316 .577 

Error           1110518.811 36 30847.745  

Total           5554645.000 38    

Corrected Total           1120267.079 37    

 



 
 
 
 

Table 17: ANOVA summary table for selective attention (sec. task RT) 
 

Source 

Type III Sum of 

Squares df Mean Square F  Sig. 

Corrected Model 
            6350.400(b) 1 6350.400           .715 

.403

Intercept        11470410.000 1 11470410.000   1291.410    .000 

group 6350.400 1 6350.400           .715    .403 

Error             337589.600 38 8883.937  

Total         11814350.000 40    

Corrected Total             343940.000 39    

 

 
Table 18: ANOVA summary table for selective attention (DUALRT) 

 

Source 

Type III Sum of 

Squares df Mean Square F  Sig. 

Corrected Model             1030.225(b) 1           1030.225           .141 .709 

Intercept             454329.225 1       454329.225       62.366 .000 

group 1030.225 1           1030.225          .141 .709 

Error              276823.550 38           7284.830  

Total              732183.000 40    

Corrected Total              277853.775 39    

 
 

Table 19: ANOVA summary table for Decision making (TOT) 
 

Source 

Type III Sum of 

Squares df Mean Square F  Sig. 

Corrected Model 115.600(b) 1             115.600           .797 .378 

Intercept 83356.900 1         83356.900     574.719 .000 

group                    115.600 1            115.600           .797 .378 

Error 5511.500 38            145.039  

Total 88984.000 40    

Corrected Total 5627.100 39    

 



 

 

 

Table 20: ANOVA summary table for Decision making (DecisionT) 

 

Source 

Type III Sum of 

Squares df Mean Square F SSig.   

Corrected Model 473.853(b) 1             473.853           .074 .787 

Intercept              438024.622 1      438024.622       68.532 .000 

group 473.853 1             473.853           .074 .787 

Error              236487.737 37           6391.560  

Total              676014.000 39    

Corrected Total              236961.590 38    

  

  
Table 21: ANOVA summary table for Decision making (CMT) 

 

Source 

Type III Sum of 

Squares df Mean Square F  Sig. 

Corrected Model 37.552(b) 1              37.552           .004 .948 

Intercept            5030937.039 1     5030937.039     581.702 .000 

group 37.552 1              37.552           .004 .948 

Error              319999.884 37           8648.646  

Total            5353579.000 39    

Corrected Total             320037.436 38    

 

 
Table 22: ANOVA summary table for executive function (Tohmove) 

 

Source 

Type III 

Sum of Squares df Mean Square F  Sig. 

Corrected Model 6.400(b) 1 6.400           .324 .572 

Intercept 6760.000 1           6760.000     342.689  .000 

group 6.400 1 6.400           .324 .572 

Error 749.600 38               19.726  

Total 7516.000 40    

Corrected Total 756.000 39    

 

 



 

 

 

Table 23: ANOVA summary table for executive function (Toherr) 
 

Source 

Type III Sum of 

Squares df Mean Square F  Sig. 

Corrected Model 6.400(b) 1 6.400         2.779 .104 

Intercept 12.100 1              12.100         5.255 .028 

group 6.400 1 6.400         2.779  .104 

Error 87.500 38 2.303  

Total 106.000 40    

Corrected Total 93.900 39    

 

 

Table 24 ANOVA summary table for executive function (Tohtime) 

 

Source 

Type III 

Sum of Squares df Mean Square F  Sig. 

Corrected Model 990.025(b) 1             990.025           .929 .341 

Intercept 92064.025 1         92064.025       86.358 .000 

group 990.025 1             990.025           .929 .341 

Error 40510.950 38           1066.078   

Total              133565.000 40    

Corrected Total                41500.975 39    
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