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Abstract 

The effect of physical exercise on barin and cognitive functioning have atteracted 

many reserchers in recent decades. The present investigation has examined the effect of 

physical exercise and aerobic fitness on visual attention and working memory 

performance. Sixty three participants between the age range of 18-30 years took part in 

this study All participants were healthy and had no records of medical history of 

cardiovascular disease, asthma, and brain injuries. A 2 (Exercise: No exercise and 1 mile 

running) × 2 (Aerobic Fitness: Low and High) mixed factorial design was used in this 

study. Aerobic fitness was determined by the VO2max score obtained through Rockport 

test.  Aerobic fitness was between subject factor, whereas physical exercise used as 

within subject factor. There were two dependent variable visual attention and working 

memory. Performance on visual attention and working memory task was recorded in 

terms of reaction time on TMT-A and TMT-B..Analysis of variance results revealed 

significant effect of physical exercise on visual attention and working memory. Physical 

exercise improved their response time when compared to pre-exercise test. Results 

further revealed better performance  on visual search and working memory among high 

aerobic fitness participants as compared to their counterpart low aerobic fit group. The 

obtained findings are in line with the previous research explain that exercise is a agent 

that can significantly affect the brain function. The findings of the present study can be 

useful in the are of sports and work settings where higher attention and working memory 

is required.  

Key Words: Physical exercise, Aerobic Fitness, Visual Attention, Working Memory
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CHAPTER 1 INTRODUCTION 

 

People often report changes in their capacity to perform any cognitive task during 

or following physical exercise.For Instance, sports person knows well that warm up 

exercise improves their capacity to concentrate, whereas solders carrying heavy load 

complains about the debilitating effects of physical fatigue on their cognitive processing 

capacity such as decision making and attentional performance. Besides these general 

beliefs, researches also support that physiological and psychological changes induced by 

physical activity potentially affects human cognitive performance. Considerable 

empirical and theoretical research have been conducted in recent decades. 

 

Aerobic Fitness 

Aerobic fitness is a measurement of an individual’s capacity to uptake and 

consume oxygen from the environment and use it to produce muscular energy. It is a 

ability of an individual to consume and utilize oxygen. The primary measure of aerobic 

fitness is VO2max, an individual’s consumption of oxygen during physical activity. 

VO2max is influenced by several components primarily heart and vascular system 

capacity to deliver oxygen to the muscles through blood stream and the ability of an 

individual’s lungs. The secondary component of aerobic fitness includes the ability of 

muscle cells to take up oxygen from blood and use it to produce energy.Maximal oxygen 

uptake (VO2 max) is characterized by the highest  rate  of oxygen utilization by the 

muscles  during  an  exercise and to  exhaustion state. It isconsidered to be the best single 

for measuring aerobic fitness (Armstrong, N. & McManus, A. M., ) 
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Aerobic Exercise 

 Physical exercise includes any aerobic and anaerobic activities which results in 

energy expenditure. Studies focusing the effects of physical exercise or physical activity 

on human cognitive or brain function have used a various types of exercise protocols 

(Tomporowski& Ellis, 1986). According to Audiffren (2009), physical exercise can be 

classified through two general metabolic pathways that provides and supports the energy 

to muscle (i.e. aerobic and anaerobic).  

The activities while performing require more oxygen are termed as aerobic 

activities (e.g., jumping rope, running, playing basketball, playing volley ball, football 

etc.). During aerobic exercise individual’s body starts breakdown of glycogen available 

in the body. If there is not enough glycogen available in the body, individual’s body 

start’s using fat reserves which helps to lose weight (Mann, 2015). On the other 

hand,physicalactivities such as sprinting, weight lifting are termed as anaerobic. 

Anaerobic exercisesare short in session and initiates a breakdown of energy even in the 

absence of sufficient oxygen.  

 

Visual Attention 

“Attention refers to concentration on a mental task in which we select certain kind 

of perceptual stimuli for further processing, while trying to exclude other interfering 

stimuli” (Shapiro, 1994).Because in attention a limited mount of information is processed 

there2fore the perceptual system of visual attention is highly selective. This selective 

property of perception has long been termed as attention (Woodworth & Schlosberg, 

1954). 
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In simple word we can define attention as a process or capacity of an individual to 

selectively focusing on one aspect of environment while ignoring others information at 

the same time. Attention has been divided into three categories: -  

(1) selective attention:Itis the capacity of an individual to focus on relevant information 

and to ignore the irrelevant information. Sustained attention is influenced by the physical 

characteristics (i.e. size, intensity, motion etc.) and collative characteristics of the 

stimulus (such as novelty, incongruity, complexity) orientation response (Dember& 

Warm, 1979) of the individual.  

(2) Divided attention: Divided attention is the capacity of an individual to attain the 

information from two or more sourcessimultaneously. The best example of divided 

attention is driving where a driver attends the vehicles coming from back and front-side 

and at the same time he/she listens to the music also.  

(3) Sustained attention:According toDavies & Parasuraman, (1982) “Sustained attention 

or vigilance refers to the ability of observers to maintain their focus of awareness and 

remain alert to stimuli for prolonged period of time” 

 

Working Memory  

Working memory is a one of the cognitive process which is under the broad domain of 

human cognition. It is sub category of executive functions, this process includes the 

active storage of information, maintenance of information, and manipulation of 

information to be used or reterived within a short period of time. “Working memory 
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plays an important role in supporting complex cognitive functions, such as reasoning and 

decision-making” (G. A. Miller, et al., 1960).  

Baddeley and Hitch (1974)  did extensive research of this topic and developed a 

model through to describe the basic processes involved in working memory performance. 

According to this model(Baddeley, 2000) working memory consists of a central 

executive as a primary component and three sub component or supporting components: 

(1) phonological loop, (2) visuo-spatial sketchpad, and (3) episodic buffer. The central 

executive operate head or supervisorysystem, it control and coordinate the flow of 

information among three other components. The first sub component phonological 

loopreceive and processes verbal information, while the second component visuo-spatial 

sketchpad incorporate and processes visual and spatial information. The their component 

episodic buffer plays an important role integrating information between other two 

components i.e. phonological loop, visuospatial sketchpad, and long-term memory 

systems (Baddeley, 2000). Working memory has been assessed in several studies using a 

variety of tasks (e.g. trail making test, n-back task etc.) and paradigms (Baddeley, 2003; 

Conway, et al., 2005) 

Exercise and Cognition 

The relationship of exercise and cognitive function is one of the most growing research 

areas in cognitive psychology. The impact of physical exercise on cognition and brain 

function has been extensively studied in several cognitive domains such as perception, 

attention, working memory and decision-making, reasoning and other related constructs 

(Brisswalter, Arcelin, Audiffren, &Delignières, 1997; Chamura, Nazar, &Kaciuba-

Uscilko, 1994; Fleury, Bard, & Carriere, 1981;Greig, Marchant, Lovell, Clough, 
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&McNaughton 2007; Meyers, Zimmerli, Farr, &Baschnagel, 1969; McMorris, 2016; 

McMorris & Graydon, 1997; Sanabria, Morales, Luque, Galvez, Huertas, &Lupianez, 

2010). Number of scientific research studies have investigated the effect of exercise on 

cognitive function in recent decades. The literature available on this topic have reported 

four kind of result: (1) an improvement in cognitive performance performance (2) an 

impairment in performance (3) changes in cognitive strategies to maintain optimum 

performance (4) no effects on human cognition.  
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CHAPTER 2  REVIEW OF LITERATURE 

Theoretical Development in Exercise and Cognition Interaction 

The early research conducted in the area of physical exercise and cognitive and 

brain function was not based on theoretical support (Gutin& Di Gennaro, 1968; McAdam 

& Wang, 1967; Meyers et. al., 1969). The first theoretical support was provided by 

Davey (1973) for hypothesizing that physical exercise will have an effect on cognitive 

performance. He viewed physical exercise as being a stressor agent and same as anxiety, 

temperature, and noise etc., which have potential capacity to affect the arousal level 

among individuals (McMorris, 2016). To develop his first hypothesishe supported Yerks 

and Dodson (1908) inverted-U model of arousal and performance to develop his 

hypothesis. Yerks and Dodson model claims that human performance is good when 

arousal is optimum in an individual. In contrast, when arousal level is low or very high 

then human performance would become poorer.  

Similarly,Easterbrook (1959) also developed his model according to him 

performance is poor when arousal level is low, which results that individual attentional 

focus is very wide and attend both related and unrelated information. Easterbrook further 

explained that as the arousal arise, individual process the information only relevant to the 

task, which results performanceefficiency.Severalother researcher’s (Allard, Brawley, 

Deakin & Elliott, 1989; Isaacs & Pohlman, 1991) have supported Easterbrook’s (1959) 

cue utilization theory to explained the physical exercise effects on cognition (McMorris, 

2016). Yerks and Dodson Law and Easterbrook’s cue utilization theories remained most 

popular theories among researchers to support their hypothesis till the late nineties 

(McMorris, 2016). 
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Several other later researchers’ (Brisswalter et. al., 1997; Collardeau, Brisswalter, 

&Audiffren, 2001; McMorris & Keen, 1994) turned to support resource allocation 

theories of Kahneman (1973) and Sanders (1983). According to Kahneman an 

individualhave limited amount of resources to perform any task and the amount of 

resources are flexible not fixed. According to this theory as the arousal level arise the 

number of resource available in the brain to perform any task gets available, which 

results better performance on cognitive tasks. Kahneman further argued that performance 

gets improved only if individuals allocates the cognitive resources to the provided task. 

Kahneman also supported Yerks Dodson law and claimed that if arousal level is higher 

than optimum level, then person will not be able to allocate the mental resources to the 

task. Sanders (1983) also accepted almost parallel approach to Kahneman (1973). 

According to Sanders different stages of cognitive processing (i.e. arousal, activation, 

evaluation & effort) needed to be energized by various energetical mechanism. Arousal 

(phasic physiological response to input), Activation (physiological readiness to respond), 

Evaluation (executive control), and Effort (managing activity of the arousal and 

activation system). 

In recent researches studies Audiffren (2009) and Audiffren, Toporowski and 

Zagrodnik (2009) supported Hockey’s (1997) cognitive energetic model to explain the 

exercise- cognition interaction. According to Hockey’s model there are two performance 

regulation loops:- (i) Automatic control loop: This mechanism regulate well-learned 

skills and function without effort. This loop monitors the action and compare the target 

outcome with actual outcome. If incongruity is perceived, adjustment in 

resourceallocation are made. (ii) Effortful control loop: This loop works in maintaining 
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performance and includes effort monitor mechanism. This loop also sustains the task 

performance under disturbance from stressor and prevents the loss of task goals. 

Researchers have used varities of models to explained and established their 

research hypothesis. However most of them have used or partially accepted Yerks and 

Dodson’s inverted- U shaped approach. These theories were articulated to explain the 

effect of arousal and stress on overall performance in general, including human cognition. 

But none of theories are based on exercise only (McMorris, 2016). All the researchers 

who established their research hypothesis on the basis of above-mentionedtheories have 

assumed that, physical exercise is a kind of stressor (like noise, temperature etc.) and will 

affect human cognition in the same pattern of other stressors. Most of the theories are 

based on inverted-U shaped hypothesis, but these theories also demonstrated some 

differences from one another. Kahneman (1973) saw arousal as one-dimensional but 

Sanders (1983) divided arousal into two level arousal and activation. However, both 

believed that effort is vital forassigningmentalresources to the task.  

 

 

Exercise and Cognitive Performance Interaction 

It has been known that physical exercise is linked with fitness and healthy 

cardiovascular system. However, recently the researchers have understood that physical 

exercise is also very important for sustaining cognitive health. Researches have well 

established that keeping yourself physically active have sereal benefits and it protects 

your brain from expectedcognitive decay (Erikson & Kramer, 2009; Erickson et. al., 

2011). According to recent reviews (Lambourne &Tomporowski, 2010; Mozrall& Drury, 
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1996; Tomporowski, 2003) physical exercise improves mental processing, clarity of 

thought and improve performance on some cognitive tasks, however it also 

inhibitperformance on other tasks or on the same tasks under dissimilar conditions. 

Moreover, the effect of physical exercise on cognitive performance is broad research 

area, including multiple domain related to memory, processing speed, executive control, 

learning, attention and perception, and overall cognitive performance (Churchill, Galvez, 

Colcombe, Swain, Kramer, & Greenough, 2002; Coteman&Berchtold, 2002; Erikson & 

Kramer, 2009; Erickson et. al., 2011). 

Number of the researchesstudies conducted on the relationship between physical 

exercise and cognition have developed and tested their hypothesis based on “arousal” 

theories (Hockey, Gaillard, & Coles, 1986; Kahneman, 1973; Yerkes and Dodson, 1908). 

Common assumption to these theories is that to meet cognitive task demands, cognitive 

performance is reliant on distribution of energetically physiological and psychological 

resources.The evaluation of exercise induced arousal stands as central point for the vast 

literature regarding exercise and cognition. In exercise research scientists have 

investigated the effect of physical exercise during and after the cessation of exercise 

interventionon cognitive function. Research Studies measuring cognitive performance 

during physical exercise are majorly based on arousal theories, expecting physical 

exercise will increase arousal state among individuals. On the other hand, investigation 

measured cognitive performance following physical exercise are groundedon the 

expectation that exercise intervention will induce a state of fatigue or change in arousal 

level among individuals. Number of studies have been conducted in last five decades. 

The early researches do not establish the effect of physical exercise on human cognition 
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performance during exercise intervention (Bard & Fleury, 1978; Fleury, Bard, Jobin, & 

Carriere, 1981). However, the later researches reported facilitation in performance on 

various cognitive domains. 

 

The studies based on the behavioural measures (i.e. accuracy and reaction time) 

have reported different results on various cognitive domains. Number of studies have 

taken reaction time as performance measure along with performance efficiency. Reaction 

time has been recognized as an efficient indicative of performance efficiency and 

individual’s ability to process visual information (Welford, 1968). Nanda, Balde, and 

Manjunatha (2013) examined the effect of thirty minutes aerobic exercise at 70% heart 

rate reserve on different cognitive tests (i.e. Spatial Span, Odd One Out, Feature Match, 

Polygon, Spatial Search, and Spatial Slider). Participants reported significant 

improvement in performance on Paired Associates, Odd One Out and Spatial Slider test 

the tests of memory, reasoning and planning respectively. On the other hand nosignificant 

improvement was found for the tests assessing concentration (Feature Match, Polygon). 

Although, the reaction time improved following exercise on all the cognitive tests than at 

the pre-test time. 

In a recent study Davranche and Audiffren (2004) examined the effect of aerobic 

exercise on attentional discrimination task. Subjects performed attentional task under 

three experimental conditions, at resting state while exercising on cycle ergometer at 20% 

maximum aerobic power (MAP) and at 50% MAP. Participants reported fastest response 

time during exercising at 50% MAP followed by 20% MAP and resting state. The 

facilitation in performance has been also observed on visuospatial attentional task, 
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participants under exercise condition (60% VO2max for 30 min.) reported better reaction 

time on visuospatial attention task as compared to non-exercise group (Tsai, Chen, Pan, 

Wang, Huang, & Chen, 2014). 

Mild intensity physical exercise also improve visual attentional search task 

performance. Several studies have report better performance efficiency andimproved 

reaction time on visual search, visual feature and conjunction task performance. In a 

study by Allard, Brawley, Deakin, and Elliot (1989) examined the effect of cycling at 

0%, 30% and 60 % maximal oxygen consumption (VO2 max) on visual search task 

during exercise intervention. Participants reported better performance at high level 

cycling workload s compared to low levels of cycling. In an another study Aks (1998) 

evaluated the performance of participants on visual feature and conjunction search. 

Participants exercised on visual search task after 10 minutes cycling exercise protocols at 

low level exertion (65% workload) and after then high level exertion( 8 min. at 65% plus 

2 min.at 80% workload). Results revealed better visual search speed and decreased error 

frequency. Performance was best under high level exertion protocols conditions. 

Improvement in choice reaction time has been also reported following exercise. 

Ellemberg and St-Louis-Deschenes (2010) observed better reaction time on choice 

reaction time and simple reaction time task under aerobic exercise condition following 

exercise intervention. One group of participants exercised on cycle ergometer for 30 

minutes while the other group rested and did nothing. Participants under exercise group 

reported fastest response time on both the tasks than no exercise group. Arcelin, 

Delignieres and Brisswalter (1998) measured choice reaction time of participants while 

exercising on cycling ergometer at 60% VO2 max. The decision-making task was 
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administered after three minutes of exercise and again after eight minutes of exercise. 

Participant’s response time were significantly faster in exercise conditions than resting 

condition. Further, the reaction time was fastest at the cessation of the physical exercise 

period as compared to the beginning.  

In sum of above mention research, the studies of Aks (1998), Allard et. al. (1989), 

Ellemberg and St-Louis-Deschenes (2010) and Arcelin, Delignieres and Brisswalter 

(1998) reported better reaction time on different cognitive task. In contrast, some studies 

including the intense exercise protocol conditions have reported delayed response time on 

many cognitive tasks. McMorris & Keen (1994) found delayed reaction time on 100% 

maximum poweroutput (MPO) cycle ergometer protocols as compared to 70% and 0% 

MPO. Moore, Romine, O’connor, and Tomporwski, (2012) also reported similar results, 

delayed reaction time on visual vigilance task.  

In a recent study Legrand et. al .(2018) evaluated the effects of acute exercise on 

attentional control and working memory. Participants were tested on trail making test 

before and after exercise while the control group rested during the exercise session. 

Improvement in visual attentional control and working memory performance were 

evident among exercise groups when compared to the controls. In addition, Tom Bullock 

and Berry Giesbrecht (2014) examined the effect of acute aerobic fitness on cognitive 

performance. Participants with high aerobic fitness performed better on selective 

attention during visual search task. Similarly Concepcion Padilla, Laura Perez and Pilar 

Andres (2014) also evaluated the effect of aerobic fitness on working memory and 

inhibitory capacity. Results revealed active participants performed better on working 
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memory than less active one. In addition active participants reported high capacity to 

manage two simultaneous two verbal task performance.   

The recent exercise studies that used transcranial magnetic stimulation (TMS) and 

twitch interpolation techniques have well established that intense exercise also induce 

fatigue in the brain neurons (Amann & Dempsey, 2008; Gandevia, 2001). In addition, a 

different perspective emerges with narrative and meta-analytic reviews exploring the 

impact of physical exercise on cognitive performance (Chnag, Labban, Gapin, &Etnier, 

2012; Tomporwski, 2003; Lambourne &Tomporwski, 2010). These reviews have 

reported some contradictory results and concluded that the effect of physical exercise on 

cognitive function totally depends upon the intensity of exercise, medium of exercise 

intervention and duration of physical exercise. 

Majority of studies have used behaviouralresponse measures to examine the effect 

of acute exercise on cognitive function, however, a number of resent researchers have 

also incorporated the neuroelectric approaches for better fundamental understanding of 

exercise and cognition interaction (Hillman, Snook, & Jerome, 2003; Hillman, Kamjio, & 

Pontifex, 2012; Scudder, Drollette, & Pontifex, & Hillman, 2012). Gutmann, Mierau, 

Hülsdünker, Hildebrand, Przyklenk, Hollmann, and Strüder (2015) observed improved 

alpha peak frequency (iAPF) among individuals following exercise interventions. Alpha 

peak frequency is considered to be a recognized marker of better arousal and attention 

(Jann, Koeing, Dierks, Boesch, Federpiel, 2010). Alpha peak frequency is also positively 

correlated with better information processing and efficiency (Klimesch, 1999). The 

studies based on event-related potential (ERP) have reported increased P3 amplitude and 

shorted P3 latency following aerobic exercise (Kamijo, Nishihira, Higashiura, &Kuroiwa, 
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2007; Nakamura, Nishimoto, Akamatu, Takahashi, Maruyama, 1999). P3 is a standard 

primary ERP component, P3 amplitude reflects the attentional resource allocation 

dedicated to given task (Chang, 2016; Polich, 2007; Wickens, Kramer, Vanasee, 

&Donchin, 1983), whereas P3 latency is reflects speed of detecting and processing the 

stimulus (Chang, 2016; Magliero, Bashore, Coles, &Donchin, 1984; Polich, 2007). 

Increased P3 amplitude and shortened P3 latency represents the better amount of resource 

allocation and stimulus evaluation, respectively..Aberge et .al. (2009) aerobic fitness  also 

improve cognitive function and influence brain health . Studies conducted on longitudinal 

design have well established that exercise programs improve both the cardiovascular 

capacity and cognitive function. Recent studies have also provided preliminary evidence 

that high aerobic fitness is associated with greater brain volume and better functional 

connection (Chaddock, 2010; Erikson, 2009). Therefore, in the light of these reported 

findings it can be concluded that aerobic exercise may leads to greater resource allocation 

and better information processing and stimulus evaluation 

 

Rationale of the Study 

 Several neurological research have established that exercise affect human 

cognition. Preliminary evidence has been also found that regular exercise improves 

cardiovascular fitness which results increase in the greater brain volume and better 

information processing. Number of behavioral studies also have supported these changes 

induced through acute and chronic level of physical exercise. Previous behavioral 

research have incorporated the acute effect of exercise on cognitive performance. But 

very few studies have incorporated chronic effects of physical exercise on human 
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cognition. Therefore, the present study have incorporated both chronic and acute effects 

of physical exercise on human cognition.  

  

  

 

Objectives 

1. To study the effect of physical exercise on visual search. 

2. To study the effect of aerobic fitness on visual search. 

3. To study the effect of physical exercise on working memory. 

4. To study the effect of aerobic fitness on working memory. 

 

Hypotheses 

1. Participants would perform better after exercise intervention as compared pre-

exercise performance on visual search test. 

2. High aerobic fitness level participants would perform better than low fit on visual 

search test. 

3. Participants would perform better after exercise intervention as compared pre-

exercise performance on working memory test.  

4. High aerobic fitness level participants would perform better than low fit on 

working memory test. 
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CHAPTER 3  METHODOLOGY 

Sample 

Sixty-three participants within the age range of 18 -30 (M = 21.11 years; SD= 

3.02) years, weight (M= 68.94; SD= 15.28), BMI (M= 23.42; SD= 4.47) participated in 

this study. People with any known medical condition like cardiovascular disease, asthma 

or brain injury were not included in the sample. Further participants were divided into 

low aerobic fit and high fitness level on the basis of VO2maxscore. Median analyses were 

used to categorize participants into low and high aerobic fitness groups. Details of 

demographic variables are presented in table 3.1 

Table 3.1 Demographical information of participants 

 Low Aerobic Fit High Aerobic Fit 

Age 22.68 (3.59) 19.64 (1.40) 

Weight (in kg) 68.30 (17.33) 67.37 (11.25) 

Height (cm) 104.15 (79.32) 158 (52.20) 

BMI 24.48 (4.86) 21.99 (3.18) 

VO2max 44. 70 (9.87) 65.51 (4.44) 

 

Design 

A 2 (Exercise: No exercise and 1 mile running) × 2 (Aerobic Fitness: Low and 

High) mixed factorial design was used in this study. Aerobic fitness was determined by 

the VO2max score obtained through Rockport test.  Aerobic fitness was considered as a 

between subject factor and exercise was used as within subject factor. There were two 

dependent variable visual attention and working memory. Visual attention and working 

memory task performance was recorded in terms of reaction time.  
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Tools 

Trail Making Test (TMT) 

The TMT is a well-known neuropsychological test which has been included in 

many neuropsychological batteries. The TMT measures several cognitive faculties such 

as visual search, scanning, mental flexibility, executive function and speed of information 

processing. The TMT consists two parts: Part -A and Part -B. Both the test were 

administered on A4 size paper.  

TMT-A  

Participants visual search performance was measured through TMT-A. TMT -A 

consists circled number from 1 to 25 which are randomly distributed on A4 size paper. 

Participants were required to connect the number in ascending order (for instance, 

1,2,3,4, 5...25) by drawing a line. Participants were also asked to join the numbers as 

quickly as possible without compromising accuracy.  

 

TMT- B 

 Performance on working memory was measured through TMT-B. TMT-B 

consists both number (from 1 to 12) and letters (A to L). These numbers and letters are 

also randomly distributed on the paper. TMT-B also required same process to perform 

except participant have to connect the number by alternating the latter (e.g. 1, A, 2, B, 3, 

D, 5, E………...12, L). TMT -B is a multifaceted neuropsychological test but the 
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competition reaction time measures primarily working memory (Sanchez-Cubillo et. al. 

2009).  

 

Rockport Test 

 The Rockport is a famous aerobic fitness test which required the participants to 

run/ walk for 1 mile.Hear rate are being measured at the end of the one-mile walk. 

Weight of the person is also required to calculate the Rockport test.  

Polar OH1+ 

 Polar OH1+ is an optical hear rate monitor and provides records of every second’s 

heart rate. This instrument was used to measure heart rate during all session (i.e. pre-

TMT, Rockport test, cooldown, and post-TMT).  

Procedure 

Participants were provided information about the purpose of the study and 

informed consent were taken from them. Polar OH1+ monitor were placed on their arm 

to measure heart rate. Sample of TMT test were given to all the participants and they 

practice on the sample on test. Participants firstly performed on TMT -A and then on 

TMT -B. Task completion time of TMT A and  B were recorded through stopwatch to the 

nearest of 00.01 seconds.  On the completion of TMT participants performed 1-mile 

Rockport test, they were asked to run for 1 mile at their comfortable level pace. The 

Vo2max score for all participants were obtained through Rockport test. After Rockport 

test each participant were provided 10 minutes rest for cool down which followed TMT 
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post-test. Hear rate was measured during all the session ( i.e., pre TMT, Rockport test, 

Cooldown and post TMT). Participants were debriefed thanked for their participation.  
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CHAPTER 4  RESULTS 

Manipulation check 

 To ensure that our first factor exercise had its effects on performance one-way 

repeated measure analysis of variance (ANOVA) were computed on heart rate among 

four phases (pre-exercise TMT session, after exercise, during cooldown and during post-

exercise TMT). Mean results are presented in Table 3.1. ANOVA results revealed 

significant effect of phases, F (3, 186) = 789.17, p =0.000, partial eta squared = .927 (see 

figure 3.1) 

 

Figure.4.1 Mean hear rate across various time phases. 

 

Table 4.1 Means Standard Deviation (in parenthesis) heart rate during pre-exercise 

TMT, exercise, cool down and post-exercise TMT 

Pre-Exercise TMT Exercise  Cooldown Post-Exercise TMT 

92.23 (12.71) 182.41 (15.89) 124.25 (11.98) 115.59 (12.42) 
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Performance Measures 

Means and Standard deviation were computed for all performance measures. 

Means results are presented in table 4.2and 4.3.  A 2 (Exercise: No exercise and 1 mile 

running) × 2 (Aerobic Fitness: Low and High)mixed factorial analysis of variance were 

computed. ANOVA results are presented in table 4.4 and 4.5.  

Table 4.2 Means and Standard Deviation (in parenthesis) of pre and post exercise among 

low and high aerobic fitness participants on visual search performance. 

  Pre-Exercise Post- Exercise Total 

Visual search Low Aerobic Fitness 20.67(7.37) 17.67(4.32) 19.16 (6.14) 

High Aerobic Fitness 18.64(4.57) 15.05(4.51) 
 

16.78 (4.84) 

Total 19.64 (6.15) 16.34 (4.57)  

 

Table 4.3 Means and Standard Deviation (in parenthesis) of pre and post exercise among 

low and high aerobic fitness participants on working memory performance. 

  Pre-Exercise Post- Exercise Total 

Working 

memory  

Low Aerobic Fitness 43.08(16.77) 34.87(10.28) 39.47 (14.57) 

High Aerobic Fitness 33.84(10.17) 30.57(11.75) 
 

31.48 (10.17) 

Total 38.39 (14.48) 32.69 (11.13)  

 

TMT-A 

First part of TMT results revealed that participants took less time to complete 

TMT-A after exercise (M= 16.34; SD= 4.57) as compared to pre-exercise session (M= 
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19.64; SD= 6.15). The main effect of exercise phase was found significant, F (1, 61) = 

19.82, p= 0.000, partial eta square = .245 (see figure 4.2).  

 

Figure.4.2 Mean response time for two different exercise phases on visual search 

performance 

 

Results further revealed that high aerobic fit participants took less time to 

complete the task (M= 16.78, SD = 4.84) as compared to low aerobic fit (M= 19.16, SD 

=6.14). The main effect of aerobic fitness was also found significant, F (1, 61)= 4.274, p 

= 0.43, partial eta square = .065(see figure 4.3).  

 

Figure.4.3 Mean response time for two different aerobic fitness level on visual search 

performance 
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The obtained results further revealed that there was similar change in performance 

of exercise intervention among both the groups. The interaction effect between exercise 

and aerobic fitness was not found significant, F (1, 61) = 0.156, p = 0.694, partial eta 

squared = .003 (see figure 4.4 ). 

 

Figure.4.4 Response time as function of aerobic fitness and exercise phase on visual 

search performance 
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Table 4.4.Summary of 2 × 2 analysis of variance of exercise and aerobic fitness on visual 

search performance 

 

Source of Variance df Sum of 

Square 

Mean 

Square 

F Significance 

level 

Partial eta 

squared 

Within Subject 

Factor 

      

A: Exercise 1 341.06 341.06 19.82 0.000 .254 

Error 61 1049.37 17.20 

 

   

Between Subject 

Factor 

      

B: Aerobic Fitness 1 169.83 169.83 4.27 0.04 .065 

Error 61 2423.79 39.73 

 

   

Interaction Effects       

A × B 1 2.683 2.683 .156 .69 .003 

Error 61 1049.37 17.20 
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TMT – B 

 The obtained TMT-B results revealed that participants took less time to complete 

the task after exercise intervention (M= 32.69; SD= 11.13) as compared to pre-exercise 

intervention (M= 38.39; SD= 14.48). The main effect of exercise was found significant, F 

(1, 61) = 20.68, p = 0.000, partial eta square = .253 (see figure 4.5).  

 

Figure.4.5 Mean response time for two different exercise phases on working memory 

performance 

 

ANOVA results further revealed high aerobic fit participants took less time to 

complete the task (M = 31.48, SD = 10.17) as compared to low aerobic fit (M = 39.47, 

SD = 14.57). The main effect of aerobic fitness was also found significant, F (1, 61) = 

5.51, p = 0.02, partial eta squared = .083 (see figure 3.6).  
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Figure.4.6 Mean response time for two different aerobic fitness levels on working 

memory performance 

 

Means results further revealed that low aerobic fit participants showed better 

improvement of exercise intervention (pre-exercise: M = 43.08, SD = 16.77 to post 

exercise: M = 34.87, SD = 10.28)as compared to high aerobic fit (pre-exercise: M = 

33.84, SD = 10.17 to post exercise: M = 30.57, SD = 11.75).  The interaction effect of 

exercise and aerobic fitness was also found significant, F (1, 61) = 3.84, p = .05, partial 

eta squared = .059 (see figure 4.7). 

 

Figure.4.7 Response time as function of aerobic fitness and exercise phase on working 

memory  
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Table 4.5. Summary of 2 × 2 analysis of variance of exercise and aerobic fitness on 

working memory performance 

 

Source of Variance df Sum of 

Square 

Mean 

Square 

F Significance 

level 

Partial eta 

squared 

Within Subject 

Factor 

      

A: Exercise 1 1036.97 1036.97 20.68 0.000 .253 

Error 61 3058.28 50.13 

 

   

Between Subject 

Factor 

      

B: Aerobic Fitness 1 1444.86 1444.86 5.51 0.02 .083 

Error 61 15992.82 262.17 

 

   

Interaction Effects       

A × B 1 192.59 192.59 3.84 0.05 .059 

Error 61 3058.28 50.13 
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CHAPTER 5  DISCUSSION 

 

The present study examined the effect of aerobic fitness and aerobic exercise on 

visual search and working memory performance. Visual search and working memory 

performance was measures with the help of TMT-A and TMT –before and after 1 mile 

jogging/running exercise among sixty three participants. Four hypotheses were framed  

(1) Participants would perform better after exercise intervention as compared pre-exercise 

performance on visual attention (2) High aerobic fitness level participants would perform 

better than low fit on visual attention (3) Participants would perform better after exercise 

intervention as compared pre-exercise performance on working memory test (4) High 

aerobic fitness level participants would perform better than low fit on working memory 

test  

Our first hypothesis stated that participants would perform better after exercise 

intervention on visual attention test (TMT-A). The obtained findings revealed that 

participants took less time to complete visual search task after exercise intervention as 

compared to pre exercise session. Hence, our first hypothesis stands accepted. Second 

hypothesis stated that High aerobic fitness level participants would perform better than 

low fit on visual search test. Results revealed that high aerobic fitness level participants 

took less time to complete the task. Therefore, our second hypothesis also stands 

accepted. 

Third hypothesis stated that participants would perform better after exercise 

intervention as compared pre-exercise performance on working memory test. Our 

obtained results clearly indicated that participants took less time to complete working 

memory task (TMT-A) after exercise interventions as compared to pre-exercise session. 
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Hence our third hypothesis also stands accepted. Fourth hypothesis stated that High 

aerobic fitness level participants would perform better than low fit on working memory 

test. Obtained findings demonstrated that high aerobic fit participants took significantly 

less time to complete the task (TMT-B) as compared to low fitness participants group. 

Therefore our fourth hypothesis also stands accepted.  

Similar results have also been reported by Aks (1998). She found improvement in 

performance on visual search and conjunction task at high level exercise exertion. Further 

these results can be attributed to Yerks Dodson law which claims an optimum increase in 

arousal level can improve performance. One mile exercise was also with the prior 

expectation that this will increase an arousal level among individuals.  

In a recent study Legrand et. al .(2018) found improvement in visual attentional 

control and working memory performance exercise 2 mile jogging exercise when 

compared to the their controls. In addition, Tom Bullock and Berry Giesbrecht (2014) 

reported that high aerobic fitness improves selective attention during visual search task. 

Similarly Concepcion Padilla, Laura Perez and Pilar Andres (2014) also found that active 

participants performed better on working memory than less active one. In addition active 

participants reported high capacity to manage two simultaneous two verbal task 

performance.   

In addition, neurological studies also have established that exercise improves 

alpha peak activities in the brain (Gutmann, Mierau, Hülsdünker, Hildebrand, Przyklenk, 

Hollmann, Strüder, 2015). Alpha peak frequency is considered to be a recognized marker 

of better arousal and attention (Jann, Koeing, Dierks, Boesch, Federpiel, 2010)andalso 

found positively correlated with better information processing and efficiency (Klimesch, 
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1999).The studies based on event-related potential (ERP) have reported increased P3 

amplitude and shorted P3 latency following aerobic exercise (Kamijo, Hayashi, Sakai, 

Yahiro, Tanaka, &Nishihira, 2009). P3 is a primary ERP component, and measures 

attentional resource allocation dedicated to given task (Chang, 2016; Polich, 2007). In 

addition P3 latency measures the speed of detecting and processing  the stimulus (Chang, 

2016; Polich, 2007). Increased P3 amplitude and shortened P3 latency represents the 

better amount of resource allocation and stimulus evaluation. According to Abergeet .al. 

(2009) aerobic fitness  also improve cognitive function and influence brain health . 

Studies conducted on longitudinal design have well established that exercise programs 

improve both the cardiovascular capacity and cognitive function. Recent studies have 

also provided preliminary evidence that high aerobic fitness is associated with greater 

brain volume and better functional connection (Chaddock, 2010; Erikson, 2009).  

 

Conclusion 

The current study investigated the effect of physical exercise and aerobic fitness 

level on human cognition. The obtained findings have well established that physical 

exercise improves visual attention and working memory. In addition, the current research 

also established the that aerobic fitness improves working memory. The present findings 

provide behavioral support to the previous neurological studies, which have provided the 

evidences that exercise improves neuroelectric activities in human brain. These 

behavioral results also in line with the fMRI studies claiming that aerobic fitness is 

associated with high brain volume and better information processing.  
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Implication 

 The findings of the present study may be applied in the area of sports, military, 

hospital and other area of function where attention and working memory plays an 

important role. The current study clearly recommend that war-up exercise can improve 

attention and other cognitive area of function. This study also recommend that regular 

physical exercise can not only improve your cardiovascular fitness but it also facilitate 

several cognitive domains such as attention, working memory, processing speed, motor 

response. 

 

Limitation 

 There are several limitations of this research. Rockport test was used to measure 

the fitness level of participants. To get the accurate Vo2mx value popper oxygen 

consumption test should be used. In the current study maximum participants were high 

aerobically fit according to Rockport as we did not get very low fit participants. The 

ssample size was relatively small and the number of male and female participants were 

unequal in the study. There is a possibility of gender effects on the response measures.  

 

Scope for future Research 

 Vo2max value was measure with Rockport test which is believed to highly valid 

and reliable test for aerobic fitness. However, the accurate fitness level can only 
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beobtained by using physiological measures. Therefore current study open an area to 

explore this relationship extensively by using physiological recordings such as VO2max, 

SpO2 etc. The current study has not assessed the possible gender and age difference, 

therefore future studies may incorporate these variable to explore this relationship.  
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