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ABSTRACT 

 
 

The benefits of exercise on cognitive functioning are well established. One population 

that especially benefits from exercise is older adults. Research has demonstrated that chronic 

exercise in older adults improves cognitive functioning; especially executive functioning. One 

limitation of the current literature is that researchers have almost exclusively relied on well-

controlled laboratory tasks to assess cognition. Moreover, the effects of a single bout of exercise 

in older adults have received limited attention. The proposed study addresses these limitations by 

(1) introducing a more ecologically valid, real-life task relevant to the older population (i.e., 

driving), and (2) assessing the effects of an acute bout of aerobic exercise on driving 

performance and executive functioning. Seventy-one participants (Mage = 66.39 ± 4.70 years) 

were randomly allocated to a 20min cycling at moderate intensity or sitting and watching driving 

videos. Participants were then tested on a driving simulator. Driving performance was measured 

with three different scenarios assessing variables such as decision making, driving errors, 

reaction time, and attention. On a subsequent session, all participants performed a submaximal 

fitness test. This fitness test served as exercise and executive functioning was assessed before 

and after this exercise by counterbalancing two commonly used measures of executive functions: 

The Trail Making Test (TMT) and the Stroop test. Non-significant effects of exercise were 

observed on driving performance across all three scenarios. These results might be explained by 

the combination of higher-order and lower-order skills involved in the driving task. A second 

explanation pertains to the driving experience of the participants, leading to a ceiling effect in the 

driving task selected in this study. However, a significant effect of the fitness test on more 

traditional executive functions tasks (i.e., TMT and Stroop test) emerged. Participants had a 
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better performance on the TMT (Cohen’s d = 0.25) and Stroop test (Cohen’s d = 0.50) after 

exercise compared to before exercise. These results suggest that current laboratory results in 

exercise psychology do not transfer to everyday life functioning. This study also highlights the 

importance of assessing expectations as a possible moderator of the effects of acute aerobic 

exercise on cognitive functioning. Future studies should examine other relevant ecologically 

valid tasks and insure similar expectations between experimental and control groups to further 

advance the knowledge base in the field.  
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CHAPTER 1 

 

INTRODUCTION 
 

Physical activity has long been known to affect physical health and well-being. The 

famous Latin saying “Mens sana in corpore sano” (“a healthy mind in a healthy body”) dates 

back from the antiquity, and since then, many have reported the importance of physical activity 

for physical health. Physical activity is defined as “any movement that causes an increase in 

physical exertion beyond normal daily living activities” (Lox, Martin Ginis, & Petruzello, 2010, 

p. 4). Physical activity is a general term that encompasses a large number of activities including 

exercising, gardening, house chores, and active transportation. Exercise is considered a form of 

leisure physical activity undertaken to achieve a particular objective, such as improving fitness, 

reducing stress, or simply for enjoyment (Lox et al., 2010). Physical activity and exercise have 

been used interchangeably in the exercise psychology literature, but studies have mainly 

examined exercise because it is easier to measure the type, duration, and intensity of exercise 

compared to activities such as gardening and house chores. Early studies examined the impact of 

physical activity on cardiovascular diseases. For example, a seminal work with London 

Transport Workers revealed that those who had higher levels of work-related physical activity 

had lower rates of coronary heart disease compared to those who were sitting (Morris & 

Crawford, 1958). Over the years, physical activity has been found to reduce the risk of stroke, 

diabetes, hypertension, and various types of cancer (World Health Organization, 2017, 

February). The positive effects of physical activity on physical health are now well established, 

and being more active is often the first step towards a healthier lifestyle and for the prevention of 

chronic diseases.  
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Physical activity has also been shown to affect psychological health. Specifically, being 

more physically active has been shown to prevent depression (Dunn, Trivedi, Kampert, Clark, & 

Chambliss, 2005; Strawbridge, Deleger, Roberts, & Kaplan, 2002), reduce anxiety (Moylan et 

al., 2013; Strohle, 2009), and prevent cognitive decline (Blondell, Hammersley-Mather, & 

Veerman, 2014; Lautenschlager et al., 2008). Besides the prevention-effects on mental health, 

physical activity also positively impacts cognitive functioning in general. Early research in the 

field has examined the effects of both aerobic and resistance exercises. The findings revealed a 

beneficial effect of exercise on simple cognitive tasks such as reaction time, perception of 

images and words, and short-term memory (Elbel, 1940; Krus, Wapner, & Werner, 1958; Shaw, 

1956; Spirduso, 1975). These studies investigated the effects of either chronic exercise (i.e., 

exercising over several weeks or months) or acute exercise (i.e., a single session of exercise). 

Results of these early studies lead researchers to design exercise interventions to better outline 

the benefits of exercise on cognitive functioning and the number of publications in the field has 

grown rapidly. A meta-analysis conducted in 1986 reported that approximately 30 studies have 

been published at that time (Tomporowski & Ellis, 1986). Ten years later, nearly 200 studies 

examining the impact of either acute or chronic exercise on cognition were published (Etnier et 

al., 1997). Results from these early meta-analyses, as well as more recent reviews, demonstrated 

that both acute and chronic exercise benefited participants’ cognitive performance across various 

types and intensities of exercise, cognitive tasks, and in different age samples (Chang, Labban, 

Gapin, & Etnier, 2012; Colcombe & Kramer, 2003; Tomporowski, 2003; Tomporowski, Davis, 

Miller, & Naglieri, 2008).  

The investigation of the effects of exercise on cognitive functioning is complex because 

several moderators are involved in this relationship (Chang et al., 2012; Colcombe & Kramer, 
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2003). First, it is important to differentiate acute and chronic exercise paradigms. Acute exercise 

involves only one bout of exercise, as opposed to chronic exercise, which comprises more than 

one session of exercise across several weeks. The effects of chronic exercise are more enduring 

and involve structural changes (e.g., increased size of hippocampus; Erikson et al., 2011), while 

effects of acute bouts of exercise are more transitory and are related to neurophysiological 

changes such as Event-Related brain Potentials (ERP, Chang et al., 2017; Drollette et al., 2014). 

Transitory changes due to exercise have been successfully captured with laboratory tasks (Etnier 

& Chang, 2009). Investigations of the acute effects of exercise have scientific merit as it allows 

elucidating the optimal type, intensity, and duration of exercise for maximum cognitive gains. A 

review of the acute effects of exercise suggests that the types of exercise that leads to the largest 

effects on cognition are aerobic as well as a combination of aerobic, anaerobic, and resistance 

exercises, at light and moderate intensity, for a duration of 11 to 20 minutes (Chang et al., 2012). 

It is important to note that Chang and colleagues emphasized that these results must be 

interpreted cautiously because of the limited number of effect sizes reported, and they called for 

future studies to test relevant moderators empirically to better evaluate their influences on the 

acute exercise-cognition relationship.  

The cognitive variables used to investigate the effect of exercise on cognitive functioning 

have evolved throughout the years. As noted earlier, early research has examine primarily simple 

cognitive tasks such as simple reaction time and short term memory, but a seminal study on 

chronic exercise in older adults by Kramer and his colleagues (1999) shifted attention to 

executive functions. These authors found that a 6-month aerobic exercise training led to selective 

improvements in executive functions compared to a stretching group. Recently, Etnier and 

Chang (2009) described executive functions as “higher level or meta-cognitive functions that 
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manage other more basic cognitive functions and the regulation of emotions and attention 

necessary for purposeful and goal-directed behaviors” (p. 470). This definition implies that the 

construct of executive functions encompasses several cognitive domains. In the exercise 

psychology literature, executive functions typically encompass planning, switching/cognitive 

flexibility, inhibition, and working memory (Colcombe & Kramer, 2003; Hillman et al., 2006; 

Kramer et al., 1999).   

The most commonly used tests for capturing these executive function dimensions are the 

Trail Making Test (TMT; Reitan & Wolfson, 1993) and the Stroop test (Stroop, 1935). The TMT 

and the Stroop test both assess cognitive flexibility and working memory, although the Stroop 

test also involves inhibition (Asimakopulos et al., 2012). A large majority of the current research 

investigating the link between exercise and cognition includes some executive functions 

measures, irrespective of whether the form of exercise is acute or chronic. Executive functions 

are also among the cognitive functions impaired in higher age, affecting older adults’ cognitive 

functioning and capacity to execute everyday life activities such as driving (Anstey, Wood, Lord, 

& Walker, 2005; Karthaus & Falkenstein, 2016). Driving, in particular, is a complex task that 

combines visual perception, sensorimotor skills, and cognitive abilities (Karthaus & Falkenstein, 

2016; Mathias & Lucas, 2009). Driving relies on higher-order cognitive abilities (i.e., attention 

switching, divided attention, executive functions) because it requires observing traffic and 

pedestrians, operating and steering the vehicle, along with planning and implementing one’s own 

behavior (Karthaus & Falkenstein, 2016). However, to this date, no exercise studies have 

included a measure of driving performance. 

Ample evidence suggests that older adults greatly benefit from the positive effects of 

exercise on cognition (Colcombe & Kramer, 2003; Colcombe et al., 2004). Nonetheless, 
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researchers have predominantly used chronic aerobic exercise interventions (Colcombe et al., 

2006; Erickson et al., 2011; Leckie et al., 2014), and very few have investigated the acute effects 

of exercise for this population. Moreover, laboratory tasks have been used exclusively and 

effects of exercise on everyday life activities such as driving have not been investigated. This 

study aims at addressing these limitations by examining the effects of an acute bout of aerobic 

exercise on driving performance and executive functions in healthy older adults. Consistent with 

meta-analytic results (Chang et al., 2012), exercise duration was set at 20min to let enough time 

for the exercise to elicit improvements in cognitive performance. Additionally, because fitness 

level has been found to moderate the relationship between exercise and cognition (Chang et al., 

2012; Chu, Chen, Hung, Wang, & Chang, 2015), participants performed a submaximal test for a 

duration of approximately 15min, following which participants were tested on their executive 

functioning with measures used in the extant exercise psychology literature. 

The research questions are as follow: 

1. Does a single bout of moderate intensity aerobic exercise improve the driving 

performance of healthy older adults compared to a no exercise group? 

2. Does performing a submaximal aerobic fitness test enhance executive functions as 

measured by the TMT and Stroop test? 

In the next section, I review first the findings related to the effects of exercise and 

executive functions, with a focus on older adults.  Second, I review the main findings on 

depression and cognitive functioning in older adults, followed by research on driving within this 

population. This review informs the methods selected for this study. 

  



6 

CHAPTER 2 

 

LITERATURE REVIEW 

 

The effect of exercise on cognitive functioning is typically examined using two different 

paradigms. The first paradigm relates to the effects of chronic exercise in which participants are 

taking part in multiple sessions of exercise (whether aerobic, anaerobic, or a combination of 

both) over several weeks or months. The second paradigm involves the examination of changes 

in cognitive functioning after an acute bout of exercise. Acute forms of exercise consist of one 

exercise session for a duration that is usually measured in minutes, and cognitive functioning is 

measured either during the exercise bout, immediately after, and/or after a delay of a few 

minutes to a few hours. In this section, these two research paradigms are discussed.  

Both acute and chronic exercises have been shown to improve cognition, and overall 

effect sizes for cognitive performance range from small to moderate (Chang et al., 2012; Etnier 

et al., 1997; Kramer et al., 1999). Early investigations into the effects of exercise on cognitive 

functioning have focused on measures of speed of processing, such as reaction time (RT). In a 

seminal article, Spirduso (1975) reported that active older adults had faster RT and movement 

time (MT) compared to inactive older adults, and that they had similar cognitive performance 

when compared to inactive young adults. Based on these results, Spirduso suggested that a 

lifestyle of physical activity is a more important factor than age in determining RT and MT for 

simple reaction time tasks. This study is considered to be pioneering work in the field (Etnier & 

Chang, 2009), and has sparked interest among researchers. In the following section, I review the 

hypotheses related to acute exercise; then, I review observational studies and experimental 

studies, covering both chronic and acute exercise paradigms.  
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Hypotheses Related to Acute Exercise 

In the acute exercise literature, two main underlying mechanisms have been suggested to 

explicate cognitive functioning immediately after a single bout of exercise: the inverted-U 

hypothesis (Yerkes & Dodson, 1908), and several psychophysiological mechanisms. These 

mechanisms are discussed next. 

Inverted-U hypothesis. The inverted-U hypothesis was originally proposed to account 

for the relationship between arousal levels and performance (Yerkes & Dodson, 1908). This 

hypothesis suggests that performance improves as arousal increases up to a moderate level of 

arousal, at which performance plateaus and then declines as arousal continues to increase (see 

Figure 1). Applied to cognitive performance, this hypothesis suggests that moderate intensity 

exercise will lead to the highest benefits on cognition, compared to low or high intensity, which 

produces smaller or no effects on cognitive performance. Research testing this hypothesis has led 

to mixed results. Some studies have supported the inverted-U hypothesis (Arent & Landers, 

2003; Chmura, Nazar, & Kaciuba-Uściłko, 1994; Reilly & Smith, 1986), while others have 

shown a positive linear relationship between arousal and cognitive performance (Aks, 1998; 

Tenenbaum, Yuval, Elbaz, Bareli, & Weinberg, 1993). It is worth noting that, in general, a linear 

relationship has been found for basic information-processing tasks and simple attention tasks, 

whereas a curvilinear relationship has been observed for executive functions and more complex 

attentional tasks. Thus, the inverted-U hypothesis seems to offer a reliable account of the effect 

of a single bout of exercise on higher-level cognitive tasks such as executive functions. Some 

authors have also supported the optimal effect of exercise around the anaerobic threshold (i.e., 

exercise intensity at which lactic acid starts to build up in the blood) on cognitive performance 

(Kashihara, Maruyama, Murota, & Nakahara, 2009). Nonetheless, in a review of the acute 
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effects of exercise on speed and accuracy, McMorris and Hale (2012) concluded that moderate 

intensity exercise leads to the largest effect size on speed of processing, as compared to low and 

high intensities. Finally, it should be noted that the inverted-U hypothesis describes the 

association between workload and cognitive functioning, but does not account for, or explain, 

these relations.  

 

 

 

 

 

 

 

 

 

 

  

Figure 1. The relationship between degree of arousal and cognitive performance (Inverted-U 

Hypothesis) 

 

Psychophysiological mechanisms. Exercise induces several psychophysiological 

reactions that can explain the effect of exercise on cognition. These reactions occur at different 

times and at different speeds and it is likely that a complex interaction among them account for 

the cognitive functioning during and after exercise (Etnier, 2012). 

Cognitive 

performance 

High 

High 

Low 

Low Degree of arousal/workload 
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Direct effects on central nervous system (CNS). Physical activity produces a general 

increase in blood flow, both in the muscles and in the brain (Moraine et al., 1993). This increase 

in cerebral blood flow, along with the action of neurotransmitters, directly affect the activity of 

the CNS (Kashihara et al., 2009). The provision of glucose, oxygen, and energetic substances by 

the cerebral circulation facilitates the activity of the CNS and is modulated by physical exercise 

(Ide & Secher, 2000). Research has shown that there is an inverted-U relationship between the 

cerebral blood flow and the intensity of exercise, such that 60% maximal oxygen uptake (VO2 

max) leads to the greatest blood flow in the brain (Moraine et al., 1993). This finding might 

explain the positive effects of moderate intensity exercise on cognition and provide some support 

for the inverted-U hypothesis. 

Additionally, acute exercise might enhance cognitive functioning by changing the levels 

of neurotransmitters in the CNS. In particular, research has found that alterations in brain-

derived neurotrophic factor (BDNF), catecholamines, and serotonin explain the cognitive 

benefits of acute exercise in rodents (Meeusen et al., 1996; Soya et al., 2007). In humans, 

circulating BDNF has also been shown to increase following an acute bout of aerobic exercise 

(Knaepen, Goekint, Heyman, & Meeusen, 2010), and is associated with improvements in 

cognitive functioning (Piepmeier & Etnier, 2015). Other researchers have found that immediate 

and long-term learning were associated with increases in BDNF levels, in addition to higher 

levels of dopamine and epinephrine (Winter et al., 2007). Winter et al. (2007) found that 

participants had higher BDNF levels while learning following an intense exercise, which was 

also associated with better short-term learning performance. It is possible that a complex 

interaction among these neurotransmitters underlies the benefit of physical exercise on cognitive 

functioning (Kashihara et al., 2009; McMorris & Hale, 2015). 
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Exercise-induced increases in arousal levels are also concomitant with various 

physiological factors, such as adrenaline and lactate release in the blood stream. These factors, in 

turn, can positively impact cognitive performance. Specifically, during exercise an increase in 

blood adrenaline and lactate concentrations were associated with enhanced cognitive 

performance (Chmura, Krysztofiak, Ziemba, Nazar, & Kaciuba-Uscilko, 1998). High levels of 

blood adrenaline are suggested to induce changes in the CNS, which in turn improve cognitive 

performance. This hypothesis has received some support in animal studies showing that a high 

concentrations of adrenaline in the brain were related to improvements in cognitive functioning 

such as memory and information processing (Clark, Geffen, & Geffen, 1987).  

Brain neuronal activity. Physical activity also modifies neuronal activity. In exercise 

psychology, one event-related potential that has been particularly studied is the P300. P300 is a 

potential that is elicited during the process of decision-making. The latencies of P300 are used as 

indices of cognitive speed and the amplitudes as a marker of attentional allocation. Some 

researchers have shown that the amplitude of P300 increased significantly after moderate aerobic 

exercise, suggesting a beneficial effect of moderate aerobic activity on cognitive functioning in 

both adults (Nakamura, Yamada, Miura, & Nishimoto, 2000) and preadolescents (Hillman et al., 

2009). As for P300 latency, Yagi, Coburn, Estes, and Arruda (1999) reported shorter auditory 

and visual reaction times during moderate aerobic exercise, suggesting a facilitation of sensory 

information processing due to decreased P300 latencies. There is also evidence of P300 being 

affected by exhaustive exercise. Grego et al. (2004) had trained cyclist, cycle for three hours and 

observed a temporary increase in P300 amplitude between 60 and 120 min into the exercise, and 

an increase in latency after 120 min of exercise. After two hours into exercise, the authors 

observed increased levels of cortisol and epinephrine along with a decrease in blood glucose. 
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Observational studies have also shown neuronal activity to be affected by regular physical 

activity. For example, Pontifex et al. (2011) reported that higher-fit preadolescents with higher 

fitness levels had higher P300 amplitude and shorter P300 latency compared to those with lower 

levels of fitness. 

Evidence for the Effect of Cardiorespiratory Fitness and Physical Activity on Executive 

Functions from Descriptive Studies 

Descriptive studies have typically compared participants with high vs. low cardiovascular 

fitness. Cardiorespiratory fitness is defined as “the ability to perform large-muscle, dynamic, 

moderate-to-high intensity exercise for prolonged periods” (American College of Sports 

Medicine, 2013b). Concerning older adults, Colcombe et al. (2004) found that higher 

cardiovascular fitness improves the performance of the attentional network in adults aged 55-75 

years old. In prospective cohorts of healthy older adults, higher cardiorespiratory fitness at 

baseline was associated with the preservation of executive functions and memory at a 6-year 

follow-up (Barnes, Yaffe, Satariano, & Tager, 2003) and lower risks of cognitive impairment 

and dementia (Laurin, Verreault, Lindsay, MacPherson, & Rockwood, 2001). In another large 

cohort of Chinese participants aged 50-85 years old, Xu et al. (2011) found a dose-response 

relationship between self-reported physical activity and short-term memory performance, such 

that more physically active individuals had better performance in memory tasks. Thus, higher 

cardiorespiratory fitness and levels of physical activity appear to benefit executive functions and 

memory, and to preserve cognitive functioning among older adults. Empirical studies provide 

more compelling evidence of the benefits of physical activity on cognitive functioning, and this 

group of studies is reviewed next.  
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Evidence from Experimental Studies: Chronic Exercise Paradigm 

Older adults have received the most attention in the chronic exercise literature. A study 

by Kramer et al. (1999) demonstrated the selective effect of chronic aerobic exercise on 

cognition. In their study, they randomly allocated sedentary older adults (60 to 75 years old) to 

either aerobic (walking) or control (stretching and toning) group. After six months of training, 

findings revealed that the aerobically trained group had significant increases in performance on 

tasks relying on executive functions compared to the stretching and toning trained participants. 

The executive functions assessed were task switching (i.e., ability to rapidly switch between 

tasks) and inhibition (i.e., ability to inhibit an automatic response), which are functions assessed 

by the TMT and Stroop test.  

Even though Kramer et al.’s (1999) study focused on chronic exercise in older adults, the 

shift to researching executive functions in exercise spread across all age ranges and research 

paradigms. For example, both acute and chronic aerobic exercises have been shown to promote 

executive functions in children (Best, 2010; Lees & Hopkins, 2013) and acute effects of aerobic 

exercise have also been investigated in young adults (Chang et al., 2017; Coles & Tomporowski, 

2008).  Researchers have also examined possible underlying mechanisms of these effects. The 

findings revealed that increased hippocampal volume (Colcombe et al., 2006; Erickson et al., 

2011), and BDNF levels (Leckie et al., 2014) to be the main mediators of the cognitive 

improvements. The hippocampus has a predominant role in learning and memory and BDNF is a 

growth factor responsible for the growth and differentiation of new neurons and synapses 

(Knaepen et al., 2010).  
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Being physical active has also been shown to be a protective factor of cognitive health in 

older adults.  For example, a six-month aerobic exercise training lead to significant 

improvements in memory performance (as measured by delayed recall) in older adults at risk for 

Alzheimer disease, compared to an education and usual care condition (Lautenschlager et al., 

2008). The preventive function of exercise on cognitive functioning was confirmed by meta-

analytic reviews showing that chronic aerobic exercise acts as a protective factor against 

dementia and cognitive impairment (Ahlskog, Geda, Graff-Radford, & Petersen, 2011; Heyn, 

Abreu, & Ottenbacher, 2004).  

A meta-analysis has shown that, in older adults, aerobic training has a robust but selective 

effect on cognition, with the largest effect observed for executive functions (Colcombe & 

Kramer, 2003). Additional moderators of the relationship between aerobic training and cognition 

included (a) the length of treatment, with training period of at least six months yielding larger 

benefits; (b) the duration of sessions, with sessions of 30 minutes or longer leading to larger 

effect sizes; and (c) the combination of exercise interventions, with training combining both 

strength and aerobic exercises yielding more benefits on cognitive functions than aerobic 

exercise alone. Nonetheless, these results are to be interpreted cautiously because (1) only 18 

studies were included in the analysis, and (2) both clinical and non-clinical populations were 

considered. The limited number of effect sizes did not allow for more specific analyses, 

especially in terms of sample characteristics. Recent evidence has suggested that shorter 

durations of training might be beneficial for non-clinical populations. For example, a recent 

investigation with healthy older adults (50-80 years old) showed that only six sessions of 

moderate water aerobics were sufficient to improve executive functions (as measured by the 

TMT and Stroop test) over a control group (Fedor, Garcia, & Gunstad, 2015).  Hence, it seems 
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that older adults can benefit from shorter durations of aerobic exercise to improve their 

cognition. Indeed, some researchers have investigated the effects of a single bout of exercise on 

cognitive functioning and this literature is reviewed in the next section. 

Evidence from Experimental Studies: Acute Exercise Paradigm 

Studies examining the effects of acute exercise on cognition aimed at uncovering the 

transient effects of exercise on cognitive functioning, measured either during aerobic exercise, 

immediately after aerobic exercise, or after a delay of a few minutes to a few hours. This section 

focuses on the effects of a single bout of aerobic exercise on cognitive functioning among 

healthy older adults. 

The literature on the effects of acute aerobic exercise on cognitive functioning in older 

adults is scarce and relies primarily on laboratory measures of executive functions and speeded 

performance. Overall, researchers have relied on two modes of exercise (walking or cycling) and 

have measured both lower-order (i.e., information processing speed) and higher order (i.e., 

executive functions) types of cognitive functions. For example, Barella, Etnier, and Chang 

(2010) examined the immediate and delayed effect of an acute aerobic exercise among healthy 

older adults (60-90 years old). Compared to a resting condition (sitting quietly), they found that 

walking for 20 min at moderate intensity (60% of heart rate reserve; HRR) benefited speed of 

information processing immediately after exercise but no effect was observed for executive 

functions as measured by the Stroop task. Additionally, the exercise and the control groups had 

similar cognitive performance across 11 time points from 5 min to 120 min after exercise, 

suggesting that acute exercise has immediate benefits on information processing only. Another 

study had adults aged 50-64 walk for 45 min at moderate or high intensity and did not find 
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differences in number of alternate uses of familiar objects listed (i.e., switching component of 

executive functions) compared to a movie watching control condition (Netz, Tomer, Axelrad, 

Argov, & Inbar, 2007). In this study, the authors initially had three groups: moderate intensity 

(60% HRR), moderately-intense (70% HRR), and control (movie watching). Heart rate reserve 

(HRR) is computed by subtracting resting hear rate (HR) from age-predicted maximal HR 

(APMHR, 220-age). The findings revealed no significant differences across each exercise 

intensity group and the movie watching group. Because the two exercise groups had similar 

cognitive performance, the authors combined them and this “combined exercise” group (i.e., 

moderate and moderately-intense intensity) demonstrated a significantly higher switching 

performance than the control group. Switching performance was measured through the Alternate 

Uses test, which asks participants to list alternate uses of familiar objects such as a newspaper. In 

the acute exercise literature, this test is less commonly used compared to the TMT and it is not 

clear how comparable these tests are. 

Interestingly, studies using cycling as a mode of exercise found more consistent benefits 

of acute aerobic exercise on executive functions among healthy adults aged 60 years and above. 

For example, Hyodo et al. (2012) used the Stroop task and found that 10 min of moderate 

cycling exercise improved the ability to inhibit an habitual response in healthy older adults 

ranging from 64 to 74 years old. These results were consistent with another study, which 

reported that 30 min cycling at 65% HRR benefited performance on the Stroop task compared to 

30 min reading. Additionally, the effect was larger for those with higher fitness levels (Chu et al., 

2015). In this study, healthy older adults aged 60-70 years were considered high fit or low fit 

depending on whether their VO2 peak test fell below (low fit) or above (high fit) the 55
th

 

percentile. A third study assessed task switching during aerobic exercise among physically active 
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younger (16-24 years) and older adults (65-74 years). In this study, both younger and older 

adults significantly improved their switching performance while cycling for 20 min at moderate 

intensity (60% HRR) compared to a resting condition (Pesce & Audiffren, 2011). Hence, cycling 

seems to be more beneficial than walking for the healthy older adult population, but the limited 

literature on acute aerobic exercise in older adults precludes drawing any conclusions. 

Older Adults, Depression, and Cognitive Functioning 

According to the World Health Organization (2017), life expectancy increased by 5 years 

from 2000 to 2015, the largest increase in the last 60 years. The rising life expectancy is 

increasing the proportion of older adults in the general population. For the period 2010 to 2050, 

the National Institute on Aging (2015) predicts a 188% increase in proportion of adults aged 65 

years and above, and only a 22% increase in proportion for adults under the age of 65 years. 

With advancing age comes the decline in physical and psychological functions. This decline can 

lead to mental health issues, such as depression and dementia.  It is estimated that between 15% 

to 19% of the US population aged 65 years and older present some depression symptoms 

(Cahoon, 2012). Depression in older adults is associated with impaired executive functions, 

speed of processing, and memory (Brewster, Peterson, Roker, Ellis, & Edwards, 2017), but 

executive functions can improve upon remission of recurrent depression (Biringer et al., 2005). 

Depression has also been shown to predict dementia in previously high functioning older adults 

(Chodosh, Kado, Seeman, & Karlamangla, 2007). Deterioration in cognitive functions among 

clinically depressed older patients could vary in nature and intensity (selective to generalized, 

gentle to more powerful), and consequently could impact one or several cognitive functions such 

as perception, attention, memory, or executive functions (Talarowska, Florkowski, Galecki, 

Wysokinski, & Zboralski, 2009).  
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Older Adults and Driving 

With the ever growing life expectancy, the proportion of older adults driving has 

increased at a higher rate than the rest of the population (Casutt, Martin, Keller, & Jancke, 2014). 

Physical and psychological functions are known to deteriorate with age, affecting the ability of 

older adults to perform everyday life activities such as driving. Indeed, research has supported 

that the capacity to drive safely decreases as we age, and this decline is associated with age-

related declines in executive functions (Anstey, Horswill, Wood, & Hatherly, 2012).  

Cognitive functions, and executive functions in particular, are important predictors of 

safe driving. For example, executive functions scores (as measured by the TMT) predicted the 

ability to stay centered in the lane while driving (i.e., lane deviation) in older adults (Aksan et al., 

2017). Lane deviation can provoke crashes, and it is a variable commonly used in driving 

research (Azizan, Fard, Azari, & Jazar, 2017; Dwarakanath, Ghosh, Baxter, Baxter, & Elliott, 

2015). Other driving tasks differentiating older drivers from their younger counterparts have also 

been identified. For example, when tested against a young population on a driving simulator, 

healthy older adults (age 60 years and above) perform worse on variables such as reaction time, 

collision, mean speed, and ability to maintain a constant distance behind a car (Doroudgar et al., 

2017). Hence, these variables seem important to include in driving research when assessing the 

efficacy of strategies aiming at reducing the risk of crashes among older drivers.  

Evidence suggests that older drivers have a higher rate of intersection and left-turn 

accidents compared to younger drivers (Chandraratna & Stamatiadis, 2003). This is due to older 

adults having difficulty estimating the time to contact for an oncoming vehicle while deciding 

when to make a left turn at an intersection (Horswill, Helman, Ardiles, & Wann, 2005). One 
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variable that is important for the prediction of collision in left-turns at an intersection is the 

useful field of view (UFOV). The UFOV designates the visual area where stimuli can be 

identified with a brief glance without head or eye movement (Sanders, 1970). The UFOV is 

subjected to aged-related decline and can be easily measured by a computerized test (Edwards et 

al., 2005). Performance on the UFOV has been shown to predict driving ability and crash risk 

among older adults (Classen, Wang, Crizzle, Winter, & Lanford, 2013; Wood & Owsley, 2014).  

To test older driver’s ability to drive, driving simulators have been designed and have 

been reported to be reliable predictors of on-road driving (Casutt et al., 2014). Driving simulators 

allow the collection of variables such as distance from oncoming vehicle when turning left at an 

intersection, driving errors (e.g., driving through a red light), distance from preceding cars and 

from pedestrians crossing at an intersection, and RT to a leading car braking. Therefore, driving 

simulators offer a reliable and safe way to measure driving performance, and could be used to 

test the efficacy of strategies to improve driving, such as a single bout of aerobic exercise or a 

video on driving tips. 

Limitations and Gaps in the Literature 

Despite the growing interest into the acute effect of exercise, the current literature is 

hampered by several limitations. These limitations pertain to the paucity of research with the 

older population, the focus on laboratory-based cognitive tasks and the objective measure of 

exercise intensity, and the omission of important variables such as expectations.  

Focus on Young Adult Population. A first limitation of research testing the effect of 

acute exercise on cognition has been the focus on young adult populations. In a recent meta-

analytic review of acute exercise and cognition, Chang et al. (2012) identified only six studies 
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investigating participants of 60 years old and older, whereas 42 studies had participants between  

20 and 30 years of age. Hence, it seems important to further examine the acute effects of exercise 

in older adults to expand the knowledge base for this population. 

Applied Cognition. Cognitive measures in the exercise psychology field have relied 

primarily on neuropsychological assessments such as the Stroop Test, the TMT, and the 

Wisconsin Card Sorting Task (Etnier & Chang, 2009). Although laboratory tasks provide strong 

internal control, they provide limited transferability to the sort of dynamic cognitive functioning 

in everyday life. For this reason, there has been a call from researchers to extend the effect of 

exercise on cognition to more ecologically valid, real-life tasks (Etnier, 2012; Manchester, 

Priestley, & Jackson, 2004). In the chronic exercise literature, higher fitness levels in children 

have been associated with improved academic achievement and multitasking during street 

crossing (Castelli, Hillman, Buck, & Erwin, 2007; Chaddock, Neider, Lutz, Hillman, & Kramer, 

2012). However, little is known about how the positive effects of a single bout of exercise on 

cognition transfer into daily life functioning of the older adult.  

Objective and Subjective Measures of Exercise Intensity. Current research 

investigating the effect of acute exercise on cognitive functioning have typically operationalized 

the intensity of exercise objectively (i.e., percentage of VO2max, HRmax, or ventilatory threshold). 

The rating of perceived exertion (RPE) has yet to be used as an alternative marker of exercise 

intensity, and some researchers have warned against the use of objective measure of intensity: 

“the practice of defining exercise intensity in terms of arbitrarily selected percentage levels of 

VO2max, HRmax or HRR should not be considered an effective method of standardizing exercise 

loads” (Ekkekakis & Petruzello, 1999, p. 366). In fact, combining both objective (e.g., HRR) and 

subjective (i.e., RPE) markers of exercise intensity may allow more accurate operationalization 
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of the exercise intensity and help resolve some of the equivocal results inherent in the previous 

approaches. Only one study has used both objective (i.e., percentage of HRR) and subjective 

(i.e., RPE) measures of intensity and has confirmed the importance of considering both objective 

and subjective measures of exercise intensity to account for possible equivocal results (Hogan, 

Mata, & Carstensen, 2013). 

Expectations. One variable that has not been included in exercise psychology research is 

the expectation participants have about the effect of exercise on cognition. Stress studies have 

shown that it is not the amount of stress but whether that stress was perceived as facilitative or 

debilitative to one’s health that explains the quality of life and death rates (Keller et al., 2012). 

Expectations have also been reported to influence cognitive performance in video game training 

(Boot, Simons, Stothart, & Stutts, 2013) and in exercise psychology (Crum & Langer, 2007). In 

a study investigating the impact of mindset on exercise and health, Crum and Langer 

demonstrated that merely telling room attendants that their work is good exercise was sufficient 

to observe, after 4 weeks, a significant decrease in various physiological measures such as blood 

pressure, body mass index, and body fat. Hogervorst et al. (1996) also mentioned the expectancy 

of a positive effect of exercise to be potentially responsible for the improvement of cognitive 

performance after vigorous exercise. Finally, in a review of the effects of exercise on cognitive 

functioning, Tomporowski and Ellis (1986) indicated that many results could have been 

confounded by expectancy effects, and that less active participants may have a negative 

expectancy about the effect of exercise on cognition. Hence, it seems important to include a 

measure of expectancy in research investigating the effects of exercise on cognition.  

The purpose of this study was to investigate the effects of aerobic exercise on driving 

performance and executive functions. Specifically, this study examined the effects of 20 min 
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cycling at moderate intensity (60% HRR) compared to a control group (watching videos) on 

driving performance. Driving performance was assessed in three different scenarios, and 

participants were evaluated on (1) decision making, (2) driving errors and proximity to collision, 

and (3) RT and ability to maintain constant distance with a leading vehicle. On a separate 

session, participants in both groups performed a fitness test. Before and immediately after this 

fitness test, participants were evaluated on their executive functioning by counterbalancing the 

order of the TMT and Stroop test. The two hypotheses were: 

1. Participant in the aerobic exercise group will perform better than participants in the 

control group on the driving scenarios. 

2. Scores on the executive functions tests (TMT and Stroop test) will be higher following 

the fitness test compared to baseline scores measured before the fitness test. 
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CHAPTER 3 

 

 METHODS 

 

Participants  

Seventy-one older adults (46 females, 25 males; Mage = 66.39 ± 4.70 years) participated 

in this study. Participants were recruited from the Institute for Successful Longevity Registry at 

Florida State University (FSU), the Tallahassee Senior Center, and from word of mouth. The 

criteria selected for age was 60 years and older, consistent with previous studies (Barella et al., 

2010; Chu et al., 2015) and the American College of Sports Medicine’s (2013a) definition of 

older adults. Potential participants were recruited through phone or in person following a 

presentation of the goal of the study. Exclusion criteria included uncontrolled heart disease, 

uncontrolled blood pressure, diabetes, history of current condition of Attention Deficit 

Hyperactivity Disorder (ADHD), brain injury, or concussion, color blindness, depression, and 

inability to participate in a moderate intensity exercise on a cycle or treadmill. These criteria 

were discussed by phone (see Appendix A for the telephone interview script) or directly in 

person with the participant. Interested participants who met the inclusion criteria were invited to 

schedule a visit in the psychology laboratory at FSU. Participants were randomly allocated to the 

exercise (i.e., cycling) or video condition according to a table of random number produced by 

Microsoft Excel (2010). The University Institutional Review Board approved this study (See 

Appendix B).  
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Power Analysis and Sampling 

A power analysis using G*Power 3 (Faul, Erdfelder, Lang, & Buchner, 2007) was 

employed to determine the number of participants required for the study (see Appendix C). For 

the executive functions variables (i.e., TMT and Stroop test), the effect size was set at d = 0.65. 

This effect size was estimated based on results from Chu and colleagues (2015) who investigated 

the effect of 20 min cycling at 60% HRR on executive functions as measured by the Stroop test. 

Their results with a healthy older adult population lead to an effect size of d = 0.65. For the 

current study, α level was set at .05 and the power at .80. Measures were assumed to be 

correlated with rs of roughly .5. The power analysis using a Repeated Measures MANOVA with 

two groups and two measurements (i.e., pre and post) revealed a required sample size of 21. 

The same α level and power were set for the driving variables. The power analysis using 

a Multivariate Analysis of Variance (MANOVA) test with two groups (i.e., exercise and control) 

and five response variables (i.e., judgement, driving errors, minimum distance to the pedestrian, 

reaction time to braking events, and minimum distance to the lead car) revealed a required 

sample size of 70 for a moderate effect size (f
2
(v)= .20). Based on these two power analyses, the 

required sample size for this study is 70 participants. 

 

Screening Measures 

Demographic and medical history forms (see Appendix D). The demographic and 

medical history forms collect information on participant’s age, gender, education, ethnicity, and 

medical history. The medical history form screens participants for medical issues that can 

prevent them from doing moderate intensity exercise or performing the cognitive tasks. 
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Geriatric Depression Scale (GDS, Sheikh & Yesavage, 1986; Appendix E). The GDS 

measures depression in older adults and consists of 15 items. Participants are asked to select 

whether or not (i.e., yes or no) the item corresponds to how they felt over the past week. 

Examples of items are: “Are you basically satisfied with your life?” (reverse-scored) and “Have 

you dropped many of your activities and interests?” Answering yes indicates the presence of 

depression, except for item 1, 5, 7, 11, 13, that are reverse-coded. A score of 6 or greater 

suggests depression. The GDS has been reported to be a reliable (α = .94) and valid measure of 

depression for older adults (Jung et al., 1997; Yesavage et al., 1983), and maintains high 

sensitivity and specificity for screening depression (Nyunt, Fones, Niti, & Ng, 2009). 

Short Portable Mental Status Questionnaire (SPMSQ; Pfeiffer, 1975; Appendix F). 

The SPMSQ screens for dementia and contains 10 items that are scored as 0 (correct) or 1 

(incorrect). Participants are asked questions, such as “What day of the week is it?” A score of 3 

or above represents intellectual impairment and will be used as exclusion criteria. The SPMSQ 

has a sensitivity and specificity of .67 and .99, respectively, for detecting dementia (Erkinjuntti, 

Sulkava, Wikström, & Autio, 1987). The temporal stability of the SPMSQ at four weeks interval 

was r = .82 for two groups of older adults (Pfeiffer, 1975). 

Color blindness (Ishihara, 1966). The color blindness test consists of circular patterns 

containing dots of various colors and sizes. The dots are assembled so that a person with normal 

color vision is able to see a number within the dots, whereas a colorblind person is not. The test 

consists of six plates and an inability to identify one number is indicative of possible color 

blindness. The color blindness test is used to insure participants can differentiate colors for the 

Stroop task. 
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Questionnaires 

Adelaide driving self-efficacy scale (ADSES; George, Clark, & Crotty, 2007; 

Appendix G). The ADSES consists of 12 items that assess 12 driving situations. Participants are 

asked to rate how confident they feel performing the driving situations on a scale ranging from 0 

(not confident) to 10 (completely confident). Examples of item are “driving in your local area” 

and “driving at night.” The ADSES has high internal consistency (α = .98) and a significant 

positive relationship with on-road driving assessment (George, Clark, & Crotty, 2007). 

Specifically, older adults who failed their driving assessment scored significantly lower on the 

ADSES (p < .01). Data from this questionnaire are used to compare participants in the exercise 

and video groups and identify possible covariates.  

Driving habits questionnaire (DHQ; Owsley & McGwin, 1999; Appendix H). The 

DHQ includes 34 items assessing six domains:  driving exposure, driving space, current driving 

status, driving difficulty (e.g., “drive when it is raining,” “left-handed turns in traffic”), self-

reported crashes and citations, and dependence on other drivers. Driving difficulty (8 items) is 

rated from 1 (so difficult I no longer drive in the situation) to 5 (no difficulty). The mean score of 

the eight items is subtracted by 1 and multiplied by 25. A score below 90 suggests driving 

difficulty. Driving difficulty has previously been shown to correlate with self-reported crashes (r 

= -.27). Dependence on other drivers is rated on a scale ranging from 1 (“I drive”) to 3 (“this 

person drives”), and driving space and self-reported crashes and citations are answered yes (1) or 

no (0). Cronbach’s alpha coefficients reported for difficulty (0.87) and driving space (0.96) 

indicates high internal consistency, while items in crashes and citations (α = 0.69) and 

dependence (α = 0.57) are less homogeneous (Song, Chun, & Chung, 2015). Similar to the 
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driving self-efficacy scale, data from this questionnaire are used to identify potential covariate by 

comparing participants’ scores in the exercise and video groups.  

Apparatus 

Metabolic measurement cart (ParvoMedics Inc., Sandy, UT). The TrueOne 2400 

metabolic measurement cart was used to measure oxygen consumption (VO2) and respiratory 

exchange ratio (RER). The analysis system synchronizes with a programmable treadmill and 

Polar HR monitor and has been shown to provide reliable and valid measures of gas exchange 

variables against the criterion Douglas Bag (DB) method (Crouter, Antczak, Hudak, Della Valle, 

& Haas, 2006). Specifically, The TrueOne 2400 was not significantly different from the DB for 

ventilation (VE), VO2, or carbon dioxide production (VCO2) at rest or any work rate.  

Cycle ergometer (Monark 828E; Monark Exercise, Varberg, Sweden).  The Monark 

is a mechanically braked cycle-ergometer that uses a pendulum system to adjust the intensity of 

the resistance. Workload can range from 4 to 1400 Watts. A screen attached to the cycle displays 

revolutions per minutes (RPM), HR, time, speed, distance, and watts. 

Heart rate monitor (HRM; Polar Electro Oy, Kempele, Finland). The Polar RS 100 

HR Monitor provides HR recording during the cardiorespiratory fitness test. HR is measured 

through a strap worn around the chest connected to a watch that displays HR in beats per minute 

(bpm). 

Driving simulator (DriveSafety, Salt Lake City, UT). The RS-200 driving simulator 

assesses driving performance. The RS-200 driving simulator includes a dashboard with a virtual 

panel, steering wheel, accelerator and brake pedals, and three 24” LCD displays that provide the 

driver with a simulated view of the environment. As driving in real conditions is obviously 
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dangerous, the driving simulator enables investigators to evaluate driving performance in various 

situations with high ecological validity (Casutt, Martin, Keller, & Jancke, 2014). Driving 

performance was measured with three different scenarios assessing decision-making, attention to 

traffic lights and pedestrian, and sustained attention behind a leading vehicle. More specifically, 

these scenarios required the participant deciding whether it is safe to turn with oncoming traffic, 

driving at a constant speed going through several intersections while paying attention to the 

lights and pedestrians, and finally maintaining a constant distance with a preceding car that 

brakes and accelerates randomly.  

Neurocognitive tasks. The useful field of view (UFOV) includes a 15” touchscreen 

monitor positioned at 60 cm from participant’s eyes. The Stroop task was run on the PsychoPy 

software (Peirce, 2007, 2009), which enables investigators to measure time to completion and 

errors conducted.  

Dependent Measures 

 Rating of Perceived Exertion (RPE; Borg, 1988; Appendix I).  The RPE scale 

measures perceived effort during exercise on a scale ranging from 6 (no exertion at all) to 20 

(maximum exertion). RPE is a reliable measure of perceived effort and physical discomfort with 

both intra-test (r = .93) and test re-test (r = .94) reliabilities being high (Borg, 1988). Borg (1982) 

also reported that RPE correlates with lactic acid (LA), HR, VO2, and VE.  

Useful field of view (UFOV; Edwards et al., 2005). The UFOV is a computerized test 

made of three subtests measuring processing speed and attention. The first subtest measures the 

time needed to correctly identify a target (i.e., truck or car) presented in the center of the screen. 

The second subtest measures divided attention and involve the identification of a central target 
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along with the localization of a target in the peripheral vision (i.e., silhouette of a car or truck). 

The last subtest assesses selective attention and consists of the same subtest, but also includes 

triangles of the same size as the targets as distractors. The test-retest correlation for healthy older 

adults was r = .72, r = .81, and r = .80 for the three subtests, respectively (Edwards et al., 2005). 

Performance on the UFOV has been reported to predict the ability to drive and crash risk in older 

adults (Classen et al., 2013; Wood & Owsley, 2014). 

Stroop Test (Stroop, 1935). The Stroop test is a measure of executive functions, 

specifically the ability to inhibit a habitual response, selective attention, and shifting (Pachana, 

Thompson, Marcopulos, & Yoash-Gantz, 2014). This test requires participants to identify the 

color name printed in the same ink color (e.g., BLUE printed in blue ink; congruent condition) or 

different ink color (e.g., BLUE printed in red ink; incongruent condition). Each stimulus word 

(i.e., red, green, and blue) was presented in equal proportions to minimize specific word 

facilitation. A total of 126 stimuli (i.e., 2 blocks of 63 stimuli) were presented to the participants 

to have a number of stimuli consistent with Chu et al. (2015). Reaction time (RT) and accuracy 

were used as indices of performance. The test was created with the PsychoPy software (Peirce, 

2007, 2009). Participants were presented stimuli on a computer and were asked to press the key 

with the dot sticker corresponding to the three colors (i.e., red, blue, or green). 

Trail Making Test (TMT; Reitan & Wolfson, 1993). The TMT is a widely used 

measure to assess executive functions in the neuropsychological literature (Etnier & Chang, 

2009) and has been shown to measure cognitive speed and agility with high validity and 

reliability (Wolf, 2000). The TMT includes two parts: 



29 

TMT part A (Appendix J). Part A is presented on an 8.5”x 11” piece of paper. Inside a 

rectangle are 25 circles numbered from 1-25. Using a pen the participant attempts to connect all 

25 circles in ascending order (i.e., 1-2-3-4, etc.) as quickly as possible. Time commences upon 

the participant flipping the page and ends the moment the participant reaches the 25
th

 circle. The 

TMT part A measures visual scanning and mental flexibility. 

TMT part B (Appendix K).  Presentation of Part B is identical to Part A. Part B differs 

from Part A in that it presents the participant with numbers and letters.  Participants are required 

to link the circles by alternating between numbers and letters (i.e., 1-A-2-B-3-C, etc.). Time 

starts upon the participants turning the page and ends the moment the participant reaches the 

letter “L”. Part B measures inhibition and cognitive flexibility (Arbuthnott & Frank, 2000), in 

addition to the skills measured in Part A. Inhibition is the ability to abort a preprogrammed 

action and cognitive flexibility refers to the capacity to switch between different tasks. Part B has 

been identified to have the best sensitivity and specificity in screening for fitness to drive 

(Gibbons et al., 2017). 

Executive functions scores are computed based on the time required to perform Part A 

and Part B separately. Consistent with previously validated protocols (Arbuthnott & Frank, 

2000), the difference between TMT-B and TMT-A is computed to set apart the executive 

functions component of the TMT-B.  

Expectations (Appendix L; Appendix M). In line with recommendations from Boot et 

al. (2013) and Chu et al. (2015), expectations for performance on the driving simulator and 

executive functions tasks were measured. Two separate stems were developed to measure 

expectations for the exercise group and video group. Participants in the exercise group were 

asked to what degree they believe exercising on the cycle will help their performance on the 
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driving task. The video group participants respond to a similar stem with “exercising on the 

cycle” replaced by “watching the video.” Each item was scored on a scale ranging from 0 

(none/not at all) to 10 (very much/very well). For the executive functions tasks, two items were 

created and participants were asked to rate to what degree they believe that exercising at 

moderate intensity on the treadmill will help their performance on the Stroop test and TMT 

separately.  

Commitment check (Appendix N). A commitment check was developed to test 

participants’ commitment to the tasks. The three items asked how committed the participants 

were while performing (a) the driving task, (b) the paper and pencil task (i.e., TMT), and (c) the 

color and work task (i.e., Stroop). Each item was rated on a scale ranging from 1 (none / not at 

all) to 10 (very much / very well). Participants also rated how similar to real car driving was the 

driving simulator on a continuum from 1 (not at all similar) to 10 (very similar).  

Driving Scenarios  

Left-hand turn scenario. The scenario began with the participant’s car situated in the 

left-hand turn lane at an intersection with oncoming traffic and a car in the opposing left-hand 

turn lane (see Figure 2). This scenario presented a continuous stream of traffic, with varying gaps 

between cars moving at the same speeds. Participants were asked to press a button on the 

steering wheel to signal when it was safe to make a left-turn. The system computed the gap 

length as the distance from the oncoming vehicle when the participant indicated it was safe to 

turn. To prevent motion sickness as a result of making several turns with the simulator, turning 

did not actually occur.  
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Figure 2. View of the left-hand turn scenario 

 

Yellow light and pedestrian driving scenario. In this scenario, participants drove 

through 14 traffic lights in a straight roadway and were asked to follow a speed limit of 45 miles 

per hour. At nine intersections, the light turned yellow and a decision had to be made. 

Participants decided (1) to brake and stop at the light, or (2) to continue driving through the 

yellow and possibly red light, as they got closer to the intersection. Towards the end of the 

scenario, another response was elicited as a pedestrian began walking into the intersection. 

Participants either had to drive around the crossing pedestrian or stop and let the pedestrian cross 

the intersection (see Figure 3). 

 

 

Figure 3. Pedestrian at intersection 

 



32 

Follow the lead car scenario. In this last scenario, the participant was asked to follow a 

car. Driving research commonly uses this type of scenario in order to assess vehicle control and 

RT (Andrews & Westerman, 2012). Participants were asked to follow the car and maintain a 

distance of approximately 100 feet for the entire drive. During the scenario, the lead car braked 

and accelerated randomly and the participant was required to maintain the distance with the lead 

by responding appropriately.  

Perceptually Regulated Exercise Test (PRET) 

 The PRET (Eston et al., 2012) is a test of cardiorespiratory fitness relying on RPE, HR, 

and respiratory gas analysis. The protocol involves four consecutive stages, each lasting 3 

minutes at RPEs of 9, 11, 13, and 15 on Borg’s 6-20 RPE Scale (Borg, 1988). The participant 

began with a warm-up of walking on a treadmill for 3 minutes and was then instructed to adjust 

the speed and/or the gradient of the treadmill to exercise at RPE of 9 for another 3 minutes. RPE 

was recorded during the last 15 seconds of each stage. The same protocol was repeated for RPE 

11, 13, and 15. The estimated VO2peak was predicted by regressing the VO2 values averaged in 

the last 30 seconds of each stage with the RPE values to an endpoint of 20 (Smith, Eston, 

Norton, & Parfitt, 2015). 

Prior to testing, the researcher calculated 85% of the participants’ APMHR (220-age). 

The test terminated if the participant reached 85% of their APMHR, experienced adverse 

symptoms or signs, experienced an emergency situation such as a sudden pain, requested to stop, 

or failed to follow the protocol of the test. The participant’s HR was continually assessed via the 

HR monitor. The screen of the treadmill was masked throughout the PRET. Respiratory gas 



33 

analysis was performed via the gas exchange system. The RPE scale was presented at eye level 

directly in front of the participant.   

The PRET has been reported to be a valid and reliable test for estimating VO2peak in both 

sedentary and active older adults (Eston et al., 2012; Smith et al., 2015). Specifically, VO2peak 

from PRET and maximal graded exercise test were strongly correlated (r = .91) and test-retest 

reliabilities were r = .76 and r = .94 for active and sedentary older adults, respectively (Eston et 

al., 2012).  

Intervention 

Participants were randomly allocated to a moderate intensity cycling exercise or video 

control condition. Heart rate reserve (HRR) was used as indicator of exercise intensity. HRR is 

the difference between APMHR and resting HR. According to the American College of Sports 

Medicine (2013a) guidelines for older adults, moderate intensity corresponds to 40-60% of HRR. 

For this study, 60% of HRR was selected for moderate intensity, consistent with previous 

exercise protocols (Chu et al., 2015; Hyodo et al., 2012). In the exercise condition, participants 

were fitted with the HR monitor then sat for 3 min to record resting HR. Participants were then 

directed to the cycle ergometer and had the opportunity to adjust the handlebar and saddle height 

for their comfort. The exercise started with a 3 min warm up; then participants were instructed to 

cycle for 20 min at a HR range value corresponding to 60% ± 3% of their HRR, similar to 

previous studies (Barella et al., 2010; Chu et al., 2015).  The exercise terminated with a 2 min 

cool down. Participants in the control group were seated and watched a video of driving tips for 

25 min. The videos consisted of tips such as how to stay centered on your lane, where to look 

when driving, and directions for parallel parking. Immediately after each condition (i.e., within 

1-2 min), participants performed the driving scenarios.  
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Procedure 

The study consisted of two visits to two different laboratories on the same day to insure 

consistency across participants. The study took about 3 hours to complete. Participants were 

asked to refrain from intense physical activity 48 hours before the day of data collection and 

avoid caffeine and alcohol ingestion 12 hours prior to laboratory visits.  

The first laboratory visit took place in the Attention and Training Laboratory located in 

Psychology Department at FSU and consisted of completing questionnaires, cognitive testing, 

exercise or watching videos, and driving scenarios. Prior to the onset of the study, participants 

signed the informed consent form. They then completed the screening measures (i.e., 

demographic and medical history forms, GDS, SPMSQ, and color blindness) to insure they meet 

the inclusion criteria. Participants were excluded if they scored 3 or above on the SPMSQ and 6 

or above on the GDS. Upon completing screening, participants were administered the DHQ and 

ADSES. Cognitive testing (i.e., UFOV) occurred prior to the driving scenarios in the event of 

simulator sickness. Prior to performing the exercise or watching the videos, participants 

completed a practice scenario on the driving simulator to familiarize themselves with the 

technology. The researcher provided instructions and feedback during the practice scenario. For 

example, participants were to change lanes and stop the car several times to familiarize 

themselves with the commands. Participants in the exercise condition were then fitted with the 

HR monitor, warmed up for 3 min on the cycle, followed by 20 min at moderate intensity. 

Participants in the control group sat and watched videos on driving tips for the same duration as 

the exercise group. Immediately after, participants in both groups did the driving scenarios. The 

sessions ended with the completion of expectations and commitment check measures, a short 

debrief, and a brief explanation of the second laboratory visit. 
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For the second laboratory visit, participants completed the TMT and Stroop tests both 

before and immediately after the PRET test. Two alternate versions of the TMT were developed 

to avoid the learning effect. For the Stroop test, items were presented in a random order in each 

block. After completing the TMT and Stroop test for the first time, participants rated their 

expectation of the effects of a 15 min moderate intensity exercise (i.e., PRET test) on their 

subsequent performance on the TMT and Stroop tests. After completing the TMT and Stroop a 

second time after exercise, participants rated their commitment for both cognitive tasks. The 

study ended with a general debrief about the goal of the experiment.  

Data Analysis 

Before addressing the research questions, a series of t-tests were conducted to test group 

baseline differences for age, driving self-efficacy, driving habits, and fitness levels. Independent 

t-tests were also used to compare levels of commitment and expectations between the exercise 

and control groups.  

Data from the driving simulator were converted using RStudios (R Core Team, Boston, 

MA) and the driving variables were computed for each participant and collapsed into mean 

values for the experimental and control groups.  

To answer research question 1 (i.e., effect of exercise on driving performance), a 

MANOVA was performed across all five scenarios with group as a between-subject factor. One-

way ANOVAs were performed on each of the dependent driving variables (i.e., left-turn 

judgement, driving errors and distance from pedestrian, RT for braking events and minimum 

distance from the lead car). 

To answer research question 2 (i.e., effect of fitness test on executive functions), a RM 

ANOVA was performed for the Stroop scores (i.e., accuracy and mean RT for both congruent 
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and incongruent conditions) and TMT scores (i.e., time for completion). Time (i.e., before and 

after the fitness test) was used as 2 levels within-subject (WS) factor. For all analysis, 

significance level was set at .05.  
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CHAPTER 4 

 

RESULTS 

 

About 165 participants were contacted by phone and 71 accepted to participate. Reasons 

for not participating included inability to perform the exercise, previous sickness with a driving 

simulator, inability to dedicate 3 hours of their time, not interested in the study, not answering 

the phone, or incorrect phone number. All 71 participants who met the inclusion criteria and 

accepted to participate were included in the analysis. 

Demographic and Exercise Measures 

The main sample’s demographic variables are presented in Table 1. Although females 

comprised 65% of the sample the repartition of genders was similar in both groups. Additionally, 

no group differences were observed for highest degree obtained, χ2 
(6) = 5.78, p = .45, and 

employment status, χ2
 (2) = 5.75, p = .06. 

 

Table 1 

Participants' demographic variables by experimental group and total: Number and percentages 

(N=71) 

 Exercise (n=35)  Video (n=36)  Total (n=71) 

Variable n %  n %  n % 

Gender 
        

Female 24 68.6  22 61.1  46 64.8 

Male 11 31.4  14 38.9  25 35.2 

Highest 

degree         

High school 1 2.9  0 0.0  1 1.4 
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Table 1 - continued     

 Exercise (n=35)  Video (n=36)  Total (n=71) 

Variable n %  n %  n % 

Some college 

credits 
4 11.4  3 8.3  7 9.9 

Vocational 

training 
3 8.6  2 5.6  5 7.0 

Associate 

degree 
3 8.6  4 11.1  7 9.9 

Bachelor’s 
degree 

15 42.9  10 27.8  25 35.2 

Master’s 
degree 

7 20.0  10 27.8  17 23.9 

Doctorate 2 5.7  7 19.4  9 12.7 

Employment 

Status 
        

Full-time 6 17.1  4 11.1  10 14.1 

Part-time 8 22.9  2 5.6  10 14.1 

Retired 21 60  30 83.3  51 71.8 

 

Age, self-reported exercise, fitness level, and driving variables are displayed in Table 2. 

Similar to the previous variables, no differences (p > .05) were observed between experimental 

and control groups on any of the variables (see Table 2).  

Additionally, the UFOV test revealed that all participants had normal vision, processing 

speed, and divided and selective attention, which classified them as “very low risk” in 

performing everyday activities, such as driving a motor vehicle. 
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Table 2 

Mean (SD) and p values for age, exercise habits, predicted VO2max, and driving variables in both 

groups 

 Exercise (n=35)  Video (n=36)   

Variable Mean SD  Mean SD  p 

Age 66.34 4.63  66.44 4.82  .93 

Aerobic exercise 

per week (hours) 
4.89 3.17  5.88 4.79 

 
.31 

Years exercising 25.07 23.34  31.64 22.52  .23 

Predicted VO2max 

(ml/min/kg) 
28.41 7.34  25.70 4.49  .23 

Miles driven per 

week 
160.77 132.40  125.611 123.35  .25 

Driving self-

efficacy 
99.23 19.35  106.28 13.38  .08 

 

Commitment Check 

Analysis of the commitment checks revealed that participants were highly committed 

while performing the driving simulator (Mgrand = 9.43/10, range = 7-10), TMT (Mgrand = 9.58/10 

range = 5-10), and Stroop test (Mgrand = 9.63/10, range = 5-10). Additionally, the two groups did 

not differ on their commitment level to the driving simulator, t(69) = .010, p = .99. Finally, all 

participants were equally committed to the TMT and Stroop test, t(70) = 1.157, p =.25. 

Expectations 

A significant group difference emerged for the expectations on the driving simulator 

performance, t(69) = 2.50, p = .015. Participants in the video group reported higher expectations 

on driving performance than participants in the exercise group (M = 7.07, SD = 2.15 vs. M = 

5.54, SD = 2.92; d = 0.60). As for the executive functions tasks, participants reported moderate 
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expectations of exercise effects on both the TMT (Mgrand = 5.77/10) and the Stroop test (Mgrand = 

5.83/10), with no expectations differences observed between these two tests, t(70) = .94, p = .35.  

Effects of Exercise on Driving Performance 

Five driving variables were used as dependent variables: distance to oncoming cars for 

the left-hand turn scenario, driving errors and minimum distance to the pedestrian for the yellow 

light and pedestrian scenario, and RT to braking events and minimum distance to the lead car for 

the follow the lead car scenario. These five variables were submitted to a one-way MANCOVA 

with group (i.e., exercise vs. video) as a between-subject factor and expectations as a covariate. 

The analysis revealed a non-significant effect of group on driving variable, Wilks’ λ = .939, 

F(5,63) = .815, p = .54, ηp
2
 = .06. For the clarity of the presentation, driving variables are 

presented separately by scenario. 

Left-hand turn judgment scenario. In this scenario, participants were exposed to 

oncoming traffic at an intersection and had to indicate whether it was safe to turn left by pressing 

a button on the steering wheel. The scenario lasted 3 min with a continuous flow of cars coming, 

and participants could press the button as many times as they wished. Performance on this 

scenario was measured as the distance from the oncoming car when participants pressed the 

button. A mean distance from the incoming car was computed for each participant and means 

were collapsed to get a mean distance per group. Using expectations as a covariate, a one-way 

ANCOVA performed on the average distance from the oncoming car revealed a non-significant 

difference between the exercise and video control groups, F(1, 70) = 1.85 , p =.18, ηp
2
 = .03. 
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Table 3 

Means and SDs for distance from oncoming cars when turning left in the exercise and video 

groups 

 Exercise (n=35)  Video (n=36) 

 Mean SD 
 

Mean SD 

Distance from 

oncoming cars when 

turning left (meters) 

85.33 36.94 

 

94.43 29.80 

 

Yellow light and pedestrian. In this scenario, participants were driving through 14 

traffic lights, with nine of them turning yellow at a distance that required the participant to stop 

by pressing the brake pedal. Running through a yellow or red light was recorded as a driving 

error. Towards the end of the scenario, a pedestrian began walking into the intersection and the 

minimum distance from the pedestrian was measured. Two separate ANCOVAs were performed 

on driving errors and minimum distance from the pedestrian, using group (i.e., exercise vs. 

video) as a between-subject factor and expectations as a covariate. Results revealed a non-

significant effect of group on both driving errors, F(1,70) = .97, p = .33, ηp
2
 = .01, and minimum 

distance from the pedestrian, F(1,70) = .53, p = .47, ηp
2
 = .01. These results suggest that 

participants in the exercise and video control group performed a similar number of driving errors 

and were equally close to colliding with the pedestrian. The descriptive statistics for driving 

errors and distance to the pedestrian are displayed in Table 4. 

Follow the lead car scenario. In this scenario, participants were asked to maintain a 

constant distance of 100 feet (30.48 meters) behind a car they were following. At random 

moments, the lead car braked and accelerated; participants were required to respond accordingly 

to maintain the distance of 100 feet.  Minimum distance from the lead car and brake RT were 

selected as dependent variables, and were submitted to separate ANCOVAs. A non-significant 
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group effect emerged for RT, F(1,70) = .01, p =.95 suggesting that both groups had similar RT to 

the car braking in front of them. A similar non-significant effect was observed for the minimum 

distance from the lead car, F(1,70) = .45, p =.50. Table 5 displays the summary statistics for RT 

to braking events and minimum distance from the lead car. 

 

Table 4 

Means and SDs for driving errors and distance to the pedestrian crossing the intersection for the 

exercise and video groups 

 Exercise (n=35)  Video (n=36) 

Variable Mean SD  Mean SD 

Driving errors 

(driving through 

yellow or red light) 

4.17  2.83  4.69  2.76 

 

Minimum distance 

from the pedestrian 

(meters) 

15.67  8.21  17.52 9.20 

 

 

 

Table 5 

Means and SDs for RT to braking events and minimum distance to the lead car for the exercise 

and video groups 

 

 Exercise (n=35) 
 

Video (n=36) 

Variable Mean SD 
 

Mean SD 

RT to braking 

events (ms) 
1390.42 903.16 

 
1390.30 1245.37 

Minimum distance 

to the lead car 

(meters) 

15.52 3.48 

 

16.10 3.26 
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Effects of Fitness Test on Executive Functions 

The TMT scores (i.e., TMT-B - TMT-A) and Stroop test scores (i.e., RT and accuracy for 

both congruent and incongruent conditions) were analyzed using a RM ANOVA separately, with 

time (i.e., before the fitness test vs. after the fitness test) as a within subject factor. The analysis 

revealed a significant main effect of time on TMT scores, Wilk’s λ = .937, F(1,69) = 4.68, p = 

.034, ηp
2
 = .06. This effect is displayed in Figure 4. On average, participants were about 5 

seconds faster completing the TMT after the fitness test compared to the completion time before 

the fitness test (M = 32.08, SD = 18.19 vs. M = 36.92, SD = 20.30; d = 0.25).  

 

Figure 4. Mean executive functions scores and SEs for the TMT before and after exercise. 

  

Pertaining to the Stroop scores, a RM ANOVA was performed separately for RT and 

accuracy (number of errors) considering congruency (i.e., congruent vs. incongruent) and time 

(i.e., before vs. after the fitness test) as 2-level within subject factors. The analysis revealed a 

significant main effect for congruency on RT, Wilk’s λ = .271, F(1,70) = 188.72, p = .001, ηp
2
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.73. Faster RT were observed for the congruent color words compared to the incongruent color 

words (M = 0.91s, SD = 0.22 vs. M = 1.05, SD = 0.27; d = 0.58; see Figure 5).  

 

 

Figure 5. Mean RT and SEs for congruent and incongruent conditions.  

 

Figure 6. Mean RT and SEs on the Stroop words before and after exercise.  
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The effect of time was also significant, Wilk’s λ = .509, F(1,70) = 67.52, p = .001, ηp
2
 = 

.49, with faster RT observed after the fitness test compared to RT before the fitness test (M = 

0.92s, SD = 0.25 vs. M = 1.04s, SD = 0.23; d = 0.50). This effect is displayed in Figure 6.  

Finally, the congruency by time interaction resulted in a non-significant effect, Wilk’s λ = 

.979, F(1,68) = 1.48, p = .23, ηp
2
 = .02. Descriptively however, the difference in average RT 

between the congruent and incongruent conditions was smaller after the fitness test compared to 

difference in RT before the fitness test (M = 0.13s, SD = .09 vs. M = 0.16s, SD = .11; d = 0.3). 

This difference in average RT between both conditions is shown in Figure 7. 

 

 

Figure 7. Mean RTs and SEs before and after exercise for both congruent and incongruent 

conditions. 
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0.37, SD = 0.69 vs. M = 1.07, SD = 1.41; d = 0.66). However, neither the effect of time, Wilk’s λ 

= .991, F(1,70) = .64, p = .42, ηp
2
 = .01, nor the time by congruency interaction, Wilk’s λ = .990, 

F(1,70) = .72, p = .40, ηp
2
 = .01, were significant.  

 
 

Figure 8. Means and SEs for number of errors for both congruent and incongruent conditions. 
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CHAPTER 5 

 

DISCUSSION 

 

The purpose of this study was to examine the effects of a single bout of aerobic exercise 

on driving performance and executive functions in healthy older adults. Extant research into the 

effects of exercise on executive functions among older adults has focused on chronic exercise 

and has not investigated real-life tasks such as driving (Chu et al., 2015; Etnier, 2012; 

Manchester et al., 2004). In the current study, driving performance was measured with a driving 

simulator using three different scenarios: (1) judging distance from oncoming cars and deciding 

if it is safe to do a left-hand turn, (2) driving through traffic lights and responding to yellow 

lights and a pedestrian crossing at an intersection, and (3) maintaining a constant distance with a 

leading car that brakes and accelerates randomly. Furthermore, the effects of acute aerobic 

exercise were also examined following a fitness test in an effort to replicate results from the 

current literature (Barella et al., 2010; Chu et al., 2015; Hyodo et al., 2012; Netz et al., 2007). 

Seventy-one healthy older adults (aged 60 years and above) were randomly allocated to an 

exercise (i.e., 20 min cycling at 60% HRR) or control (i.e., watching driving videos) group and 

subsequently performed the three driving scenarios. Participants in both groups then completed 

the TMT and Stroop tests before and after a fitness test to assess the effects of acute aerobic 

exercise on executive functions. Of the two hypotheses tested, only hypothesis 2 (i.e., effects of 

acute aerobic exercise on executive functions) was supported. 

Baseline Measures, Commitment, Perception of the Driving Simulator, and Expectations 

No baseline differences were observed between both experimental groups in miles driven 

per week, driving self-efficacy, and fitness levels. Commitment levels to the driving scenarios 
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and the executive functions tasks were high and similar in both groups. Also, participants judged 

the driving simulator to be somewhat similar to real life car driving (Mgrand = 6.44/10), 

suggesting it was an appropriate task to measure real driving skills. A notable result is the 

difference observed in expectations between the exercise and video group. Compared to the 

exercise group, participants in the video group had higher expectations for the effects of 

watching videos on their driving performance. It is possible that participants in the exercise 

group anticipated to feel more fatigue after the exercise, making them think they would perform 

poorly in the driving task. Alternatively, the driving videos could have led participants to think 

they would get useful advices to help them perform on the driving simulator. This difference in 

expectations will be further discussed in the limitations and future directions section. 

Effects of Acute Exercise on Driving Performance 

Three scenarios were used to assess driving performance in an effort to capture the 

complexity of the driving task. The first scenario involved decision making and specifically 

whether or not it was safe to make a left turn through oncoming traffic at an intersection. As 

evidence suggests that older adults have a higher rate of intersection and left-turn accident than 

younger drivers (Chandraratna & Stamatiadis, 2003), this scenario was deemed relevant to test 

the possible effects of exercise on performing this scenario. Results revealed non-significant 

differences between the exercise and video group for the average distance from oncoming 

vehicles when deciding to turn. Acute exercise did not appear to affect decision-making when 

turning left, and more specifically did not affect the estimation of time to contact an oncoming 

vehicle. Evidence suggests that intersection and left-turn accidents are due to difficulty in 

estimating the time to contact an oncoming vehicle while deciding when to make a left turn 

(Horswill et al., 2005). Estimating how much time is available before an oncoming vehicle 
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arrives at an intersection relies mainly on visual attention and anticipation, and the present 

findings indicate that these cognitive skills were not affected by the exercise. Meta-analytic 

results have shown that acute exercise affects executive functions to a larger extent than more 

basic perceptual skills (Chang et al., 2012). Specifically, across all types of exercise and age 

categories, an effect of d = 0.09 was reported for information processing tasks (such as visual 

perception and anticipation), as opposed to an effect size of d = 0.20 for executive functions 

tasks. However, Chang and colleagues also found that decision-making tasks were affected by 

acute exercise (d = 0.30), but such effect was not observed in the present study. It is possible that 

studies reviewed by Chang et al. used more laboratory-based decision-making tasks or adopted a 

different design (e.g., other types of exercise with other populations). Recently, O'Brien, 

Ottoboni, Tessari, and Setti (2017) investigated the effect of a single bout of open-skill (i.e., 

aerobics, tennis, or dance class) versus close-skill (i.e., swimming or gym circuits) exercise on 

visual-auditory perception and immediate memory in healthy older adults. The authors found 

that both exercise types benefited memory while only open skill exercise improved audio-visual 

perception. The present study used a closed skill exercise (cycling on a stationary bike) and the 

first scenario involved visual perception skills and no significant results emerged between the 

exercise and control group. These results are then in line with O’Brien et al.’s study, even if the 

task used by these authors required participants to identify a white disk on a black screen, which 

differ from a more real-life task such as deciding when to turn left at an intersection with 

oncoming traffic. 

The second scenario involved driving through traffic lights with a speed limit instruction. 

At the end of the scenario, a pedestrian was crossing at an intersection when the traffic light was 

green, forcing the participant to make a decision to either brake and stop, or drive around the 
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pedestrian. Similar to the first scenario, no effects of exercise were observed. Participants in both 

groups did a similar number of driving errors (i.e., driving through a yellow or red light) and no 

difference was observed in terms of minimum distance from the pedestrian crossing the 

intersection. Again, it seems that the exercise did not affect the driving performance and several 

explanations can be put forward to account for these results. First, this scenario involved a 

variety of cognitive skills (i.e., switching attention between dashboard and road, observing traffic 

light and pedestrian, and operating and steering the vehicle) which rely predominantly on 

executive functions (Karthaus & Falkenstein, 2016). A motor component was also involved in 

this scenario as participants had to operate the brake and gas pedal to stay within the speed limit 

while steering the vehicle. Nonetheless, no significant differences emerged between the exercise 

and video control condition, suggesting that exercise did not affect executive functions involved 

in this driving situation. It is important to note that participants were all experienced drivers 

currently driving an average of 143 miles per week. As an automated task, driving requires less 

cognitive resources from executive functions, and it is possible that the difficulty of this scenario 

did not allow room for improvement. To my knowledge, only one study aimed at investigating 

the effect of exercise on a real-life situation (i.e., street crossing). This study examined the effect 

of fitness level on street crossing with or without distractions (i.e., cell phone, music, or no 

distraction) in children using a virtual reality environment to record street crossing performance 

(Chaddock et al., 2012). The authors found that children with higher levels of fitness had better 

multitasking performance during street crossing. The second driving scenario involved some sort 

of multitasking skills but the results are difficult to compare to Chaddock et al’s study as the 

population, the task, and the exercise paradigm (i.e., chronic vs. acute exercise) are different. 
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Non-significant results were also found for the last scenario. In this scenario, participants 

had to follow closely and maintain a constant distance from a leading vehicle that braked and 

accelerated at random moments. The exercise and the video conditions did not affect differently 

participants’ RT to the braking events or their ability to maintain a constant distance from the 

leading vehicle. This scenario required participants to maintain their attention constantly on the 

preceding vehicle while operating the pedals and steering wheel. Driving research commonly 

uses this type of scenario in order to assess vehicle control and RT (Andrews & Westerman, 

2012). Sustained attention was particularly involved in this last scenario but the present results 

suggest that exercising did not affect driving performance, at least not above watching videos on 

driving advice. Sustain and selective attentions have also been reported as components of 

executive functions (Bates & Lemay, 2004; Budde et al., 2012). The review by Chang et al. 

(2012) indicated that attention tasks are moderately affected following acute exercise (d = 0.42). 

Because only seven studies measuring attention were included in their review, the authors could 

not isolate the effect exercise has on each type of attention (i.e., sustain, divided, or selective 

attention) and whether attention alone was affected differently than when it is combined with a 

motor component. A recent study investigating attention skills of healthy older women (60 years 

old and above) before and after 20 min running at moderate intensity revealed an increased 

performance immediately after exercise on inhibition, sustained attention, and selective attention 

(Peiffer, Darby, Fullenkamp, & Morgan, 2015). This is in contrast with the present results and it 

might be explained by the cognitive task used. Peiffer et al. used computerized tasks where 

participants had to move fingers only, whereas participants in this study used arms and feet to 

operate the vehicle. Hence, it might be possible that a larger and more complex motor 
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component associated with the attention task (such as driving in this scenario) mitigates the 

positive effects of acute aerobic exercise on attention.  

RT to a preceding car breaking was also measured in this last scenario but no differences 

in RT emerged between the exercise and video control group. RT tasks have been reported to be 

unaffected by exercise immediately after the exercise bout (Chang et al., 2012), but some studies 

have found some significant results, especially for RT in executive functions tasks. For example, 

Kamijo et al. (2009) reported that healthy older adults had a faster RT on a computarized reponse 

inhibition task following a 20 min moderate intensity cycling exercise, compared to a no exercise 

condition. Other studies’s finding revealed faster RT using similar response inhibition tasks 

(Barella et al., 2010; Chu et al., 2015; Hyodo et al., 2012; Peiffer et al., 2015). Again, the task 

used in the last driving scenario might differ from inhibition tasks performed on a computer 

because of its larger motor component. In the current study participants were required to react to 

the car braking in front of them, but also maintain a constant distance while operating and 

steering the vehicle. The question of whether exercise affects more the central component of RT 

(i.e., perception, decision) or the peripheral (i.e., motor) component has been investigated in one 

study and the authors found that exercise-induced arousal had a positive influence on the motor 

component, but limited impact on central components (Chang, Etnier, & Barella, 2009). Results 

from this last scenario did not reflect such an effect on the motor component, but it is possible 

that the arousal level was not high enough due to the elapsed time from the end of the exercise to 

the start of this scenario. This scenario was the last one and started about 10-12 min after the end 

of the exercise bout, and the arousal-induced effects might have dissipated by the beginning or 

the middle of the scenario. Indeed, the cognitive benefits of acute exercise have been reported to 
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disappear 15 min after exercise completion (Chang et al., 2012), which may account for the non-

significant results obtained in this study. 

Effects of Acute Exercise on Executive Functions 

 In an effort to replicate previous findings for the effects of acute aerobic exercise on 

executive functions in healthy older adults, the fitness test in this study was used as an exercise 

and execution functions were assessed before and after the fitness test. The fitness test used in 

the current study involved walking on a treadmill and lasted about 15 min. The duration of this 

exercise was consistent with recommendations from current meta-analytic results suggesting that 

10 min of moderate aerobic exercise is sufficient to enhance cognitive functioning, especially 

executive functions (Chang et al., 2012).  

 The present results support the hypothesis that acute aerobic exercise improves executive 

functions, specifically mental flexibility and inhibition. The two executive functions tests 

selected for this study were the most commonly used tasks in the exercise psychology literature 

(Etnier, 2012; Etnier & Chang, 2009), and the present results replicate the current findings with 

healthy older adults (Barella et al., 2010; Chu et al., 2015; Kimura & Hozumi, 2012). Overall, 

participants performed better on the TMT and the Stroop test after exercise, compared to before 

exercise. Specifically, participants completed the TMT faster after the exercise bout, suggesting 

a better ability to switch attention between tasks. A learning effect is very unlikely here as 

participants completed two parallel versions of the test, and had the opportunity to practice the 

test before the first testing period. The positive effects of exercise on task switching are similar 

to Kimura and Hozumi (2012) who reported an increased mental flexibility performance after an 

acute aerobic exercise in healthy older adults. 
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To have a more comprehensive evaluation of executive functioning, the Stroop test was 

also selected. The Stroop test is a very common measure in the acute exercise paradigm in 

exercise psychology (Barella et al., 2010; Chang & Etnier, 2009; Chu et al., 2015). The large 

effect size observed in the present study is consistent with previous findings in healthy older 

adults (Chu et al., 2015), and supports the immediate effects of aerobic exercise on executive 

functions such as inhibition. The interaction effect of time by congruence supports the selective 

effect of exercise on executive functions, which has been found in both acute and chronic 

exercise studies (Chang et al., 2012; Kramer et al., 1999). Hence, the sample used in this study 

was affected by exercise in a similar fashion than previous investigations. The non-significant 

findings observed in the driving task highlight the difficulty of transferring results from 

laboratory task to more ecologically-valid tasks. This issue of transfer is discussed next. 

Limitations and Future Research Directions 

The present study supports the effects of acute aerobic exercise on executive functions as 

measured by laboratory tasks, but failed to support a similar effect on more ecologically-valid 

tasks such as driving. Both the exercise and fitness test used in this study were similar in nature 

(aerobic), duration (around 20min), and intensity (moderate). The investigation of more 

ecologically valid cognitive tasks is difficult as these tasks are typically less “pure” (i.e., involve 

a variety of skills) than more controlled laboratory tasks. Even if the driving task selected in this 

study was performed in a laboratory, the scenarios included a variety of cognitive skills that may 

have contaminated the results because of the combination of lower order and higher order 

cognitive tasks. Due to the selective effect of exercise on executive functions as opposed to more 

basic cognitive functions, it is possible that the positive effects of exercise on higher-order 

cognitive skills were confounded by the smaller or absence of effects on lower-order cognitive 
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skills such as visual attention and simple RT. It is also possible that the motor component 

involved in the driving tasks somewhat mitigated the effect of exercise on cognition, resulting in 

non-significant effects. Finally, the fact that participants were experienced drivers could have led 

to a ceiling effect, thus limiting any potential effects of exercise on driving. To address these 

limitations, future research should select challenging ecologically valid tasks to ensure that 

participants have some room for improvement to enable more definite conclusions. Different 

tasks with different motor components could also be compared to investigate how and to what 

extent acute aerobic exercise affects everyday life functioning.  

Another line of research could also investigate different types of exercise. Recent 

findings among healthy older adults suggest that open skill exercise benefits both audio-visual 

perception and memory, whereas closed skill exercise improves short-term memory only 

(O'Brien et al., 2017). Because this research used a quasi-experimental design, it would be 

interesting to first strengthen the causal inference by randomizing participants to both exercise 

groups. Second, acute aerobic exercise has been the predominant form of exercise used in 

healthy older adults and little is known about the effects of anaerobic exercise. Future research 

could investigate whether an acute aerobic, anaerobic, or even a combined exercise bout has 

different effects on cognitive functioning.  Current research among young adults and adults is 

equivocal with some authors reporting a similar effect of resistance and aerobic exercise 

(Dunsky et al., 2017) while some others observing cognitive benefits after aerobic exercise only 

(Pontifex, Hillman, Fernhall, Thompson, & Valentini, 2009). Because the current position stand 

of the American College of Sports Medicine recommends to combine aerobic, resistance, 

flexibility, and neuromotor exercise (Garber et al., 2011), it would be interesting to examine 

whether these exercises combined or in isolation have different effects on cognitive functioning.  
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An effort was made in this study to select an active control group as opposed to a regular 

(i.e., sitting only) control. Because the effect of acute aerobic exercise are mainly related to 

elevated HR, arousal, and associated physiological factors (Etnier, 2012), watching videos was 

not expected to impact the underlying mechanisms associated with the acute effects of aerobic 

exercise on cognition. Nonetheless, the driving video clips lead the participants in the control 

condition to believe that it would help their driving performance to a higher extent than 

participants in the exercise condition. The expectancy effect is well established in the psychology 

and medical fields and has been shown to affect performance, even with active control groups 

(Boot et al., 2013). Future investigations must insure the selection of an appropriate control 

condition that leads to a similar expectation than the exercise condition. Similar expectations 

allow for testing the effectiveness of the exercise intervention, as opposed to the expectations 

associated with the intervention. Alternatively, the inclusion of a measure of expectation allows 

to control for this important factor, as it has been done in this study.  

Finally, future studies must use other ecologically-valid tasks to further investigate the 

acute effects of aerobic exercise on everyday functioning. Driving was selected in this study as it 

is relevant to the older population, but other activities such as cooking, planning weekly 

activities, filling up administrative forms, or summarizing a journal article can be easily tested. 

Recently, some scholars have investigated the effects of acute exercise on motor skills learning 

and found a facilitation effect of acute exercise on motor memory retrieval (Mang, Snow, 

Wadden, Campbell, & Boyd, 2016). This is a promising line of research investigating more 

applied tasks, which can expand the knowledge base in the acute exercise paradigm in exercise 

psychology.   
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Conclusion 

 This study is the first to investigate the effect of exercise on a real-life task among older 

adults. It provides additional evidence for the acute effects of aerobic exercise on executive 

functions, and opens the door to a set of studies investigating cognitions in real life. Findings 

from this study suggest that 15min of aerobic exercise is sufficient to increase cognitive 

functioning among healthy older adults. This study also highlights the difficulty of transferring 

the results from the laboratory to everyday life functioning, and call for more studies in that area. 

With the ever-growing older population, it is of utmost importance to find strategies that 

prolong autonomy and well-being among older adults. Exercise is known to provide many 

physical health benefits, and the psychological benefits are now well established. Exercise is 

probably the most efficient and cost-effective strategy to maintain physical and cognitive health, 

and to prevent cognitive decline. As such, exercise is particularly appropriate for the older 

population and can be considered a medicine by itself.  
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APPENDIX A 

 

TELEPHONE INTERVIEW 

 

Hello, my name is Jean-Charles Lebeau calling from Florida State University regarding a study 

on exercise and driving. I am currently looking for adults, ages 60 years and older. We expect the 

study to last approximately 3hrs. The study will consist of 2 lab visits.  

The lab visits will consist of the following assessments: cycling and/or walking/jogging for about 

20min at a moderate intensity on a treadmill, cognitive battery which will include multiple 

cognitive measurements, questionnaires, and driving scenarios on a driving simulator. Do you 

have any questions regarding any of these assessments? 

If you are interested, I would like to ask you some questions regarding your present state to 

determine your eligibility.  

1. Are you currently living independently? 

2. Are you currently participating in a regular exercise regimen? If yes, can you explain 

your routine? 

3. Can I ask you questions regarding your health? 

a. (If yes) Do you have uncontrolled hypertension (>160/100 mmHg), uncontrolled 

diabetes (fasting blood glucose >126), uncontrolled heart disease, or kidney 

disease? Do you feel pain in your chest when you do physical activity? Do you 

lose your balance because of dizziness or do you ever lose consciousness? 

b. Do you have a history or current condition of ADHD, brain injury, or recent 

concussions? 

4. Do you have a valid driver’s license? 

5. Do you have vision worse than 20/40? Are you color blind? 

6. Are you able to participate in a moderate intensity exercise on a bike or a treadmill? 

 

Since you do not have any of the exclusion criteria, would you like to schedule a time for you to 

come in for a more in depth orientation to the study?  

Thank you very much for your time and we are looking forward to working with you shortly 

  



59 

APPENDIX B 

 

HUMAN SUBJECTS COMMITTEE APROVAL LETTER 
 

 

 
Office of the Vice President For Research 

Human Subjects Committee 
Tallahassee, Florida 32306-2742 

(850) 644-8673 ·  FAX (850) 644-4392 

APPROVAL MEMORANDUM 

Date: 04/17/2017 

To: Jean-Charles Lebeau  

Dept.: EDUCATIONAL PSYCHOLOGY AND LEARNING SYSTEMS 

From: Thomas L. Jacobson, Chair 

 

Re: Use of Human Subjects in Research 
THE EFFECTS OF ACUTE EXERCISE ON EXECUTIVE FUNCTIONS AND DRIVING PERFORMANCE IN 

HEALTHY OLDER ADULTS 

 

The application that you submitted to this office in regard to the use of human subjects in the research 

proposal referenced above has been reviewed by the Human Subjects Committee at its meeting on 04/12/2017 

Your project was approved by the Committee. 

 

The Human Subjects Committee has not evaluated your proposal for scientific merit, except to weigh the risk 

to the human participants and the aspects of the proposal related to potential risk and benefit. This approval 

does not replace any departmental or other approvals which may be required. 

 

If you submitted a proposed consent form with your application, the approved stamped consent form is 

attached to this approval notice. Only the stamped version of the consent form may be used in recruiting 

research subjects. 
 

If the project has not been completed by 04/11/2018 you must request a renewal of approval for continuation of 

the project. As a courtesy, a renewal notice will be sent to you prior to your expiration date; however, it is your 

responsibility as the Principal Investigator to timely request renewal of your approval from the Committee. 
 

You are advised that any change in protocol for this project must be reviewed and approved by the 

Committee prior to implementation of the proposed change in the protocol. A protocol change/amendment 

form is required to be submitted for approval by the Committee. In addition, federal regulations require that 

the Principal Investigator promptly report, in writing, any unanticipated problems or adverse events 

involving risks to research subjects or others. 

 

By copy of this memorandum, the chairman of your department and/or your major professor is reminded that 

he/she is responsible for being informed concerning research projects involving human subjects in the 

department, and should review protocols as often as needed to insure that the project is being conducted in 

compliance with our institution and with DHHS regulations. 

mailto:jml11f@my.fsu.edu
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This institution has an Assurance on file with the Office for Human Research Protection.  The Assurance 

Number is IRB00000446. 
 

Cc: Gershon Tenenbaum <gtenenbaum@admin.fsu.edu>, Advisor  

HSC No. 2017.20838 

  

mailto:gtenenbaum@admin.fsu.edu
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APPENDIX C 

 

POWER ANALYSES 

 
 

F tests - MANOVA: Repeated measures, within factors 

Options: Pillai V, O'Brien-Shieh Algorithm 

Analysis: A priori: Compute required sample size  

Input: Effect size f = 0.325 

 α err prob = 0.05 

 Power (1-β err prob) = 0.80 

 Number of groups = 1 

 Number of measurements = 2 

 Corr among rep measures = 0.5 

Output: Noncentrality parameter λ = 8.8725000 

 Critical F = 4.3512435 

 Numerator df = 1.0000000 

 Denominator df = 20.0000000 

 Total sample size = 21 

 Actual power = 0.8087046 

 Pillai V = 0.2970123 

 

 

 

F tests - MANOVA: Global effects 

Options: Pillai V, O'Brien-Shieh Algorithm 

Analysis: A priori: Compute required sample size  

Input: Effect size f²(V) = 0.20 

 α err prob = 0.05 

 Power (1-β err prob) = .80 

 Number of groups = 2 

 Response variables = 5 

Output: Noncentrality parameter λ = 14.0000000 

 Critical F = 2.3583183 

 Numerator df = 5.0000000 

 Denominator df = 64.0000000 

 Total sample size = 70 

 Actual power = 0.8008234 

 Pillai V = 0.1666667 
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APPENDIX D 

 

MEDICAL HISTORY AND DEMOGRAPHIC QUESTIONNAIRE 

 

 
ID# ______ DATE __________ 

 

1. Age _________ 

2. Do you have normal or normal-to-corrected vision?   Yes     No 

3. Do you have a valid driver’s license?  Yes     No 

4. Gender     Male        Female        

5. Are you right or left handed? Left          Right 

6. What is the highest degree or level of school you have completed? 

a. No high school diploma 

b. High School graduate or equivalent (GED) 

c. Some college credit 

d. Trade/technical/vocational training 

e. Associate degree 

f. Bachelor’s degree 

g. Master's degree 

h. Doctorate/Professional degree 

7. Marital Status 

a. Single, never married 

b. Married or domestic partnership 

c. Widowed 

d. Divorced 

8. Employed 

a. Part-time 

b. Full-time 

c. Retired 

d. Military 

e. Unable to work 

f. Student 

g. Homemaker 

9. How would you classify yourself? 

a. Arab 

b. Asian/Pacific Islander 

c. Black 

d. Caucasian/White 

e. Hispanic 

f. Indigenous or Aboriginal 

g. Latino 

h. Multiracial 

i. Would rather not say 

j. Other_____________________ 

10. How many hours do you aerobically exercise a week?  ________ 
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11. How many years have you been training aerobically? _________ 

 

Answer the following questions, indicating the month and year of the event or diagnosis where 

appropriate.  

                Yes      No   Month/Year 

1. Has a doctor ever told you that you have 

 heart disease? ___ ___ ____/____ 

 

2. Do you experience leg/foot pain while 

walking? ___ ___  

 

3. Do you experience leg pain at rest? ___ ___ 

 

4. Do you experience foot numbness while  

walking? ___ ___ 

 

5. Do you experience foot numbness at rest? ___ ___ 

 

6. Have you ever had a heart attack? ___ ___ ____/____ 

 

7. Have you ever had chest pain? ___ ___ ____/____ 

 

8. Do you have any heart arrhythmias? ___ ___ ____/____ 

 

9. Have you ever had cardiac  

 catheterization? ___ ___ ____/____ 

 

10. Have you ever had balloon angioplasty? ___ ___ ____/____ 

 

11. Have you had coronary artery bypass graft  

 surgery? ___ ___  

 

 If yes, list date and number of grafts: 

  

 ____/____  # grafts: ___ 1   ___ 2   ___ 3   ___ 4+ 

   Mo.       Yr. 

 

12. Have you ever had leg artery revascularization? ___ ___ ____/____ 

 

13. Have you ever had a stroke? ___ ___ ____/____ 

 

14. Do you have hypertension (high blood pressure)? ___ ___ ____/____ 

 

 If yes, how long have you had hypertension? 

 _____ less than 1 year 

 _____ 1-5 years 
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 _____ 6-10 years 

 _____ more than 10 years 

Was the first number (systolic) greater 

than 180? ___ ___ 

            

15. Do you have diabetes mellitus? ___ ___ ____/____   

    

16. Do you take insulin for diabetes? ___ ___  

 

 If yes, how long have you taken insulin? 

 

 _____ less than 1 year 

 _____ 1-5 years 

 _____ 6-10 years 

 _____ more than 10 years 

 

17. Do you take oral hypoglycemics for  

 diabetes? ___ ___  

 

18. Do you have a cardiac pacemaker? ___ ___ 

 If yes, how long have you had a cardiac  

 pacemaker? _____ less than 1 year 

 _____ 1-5 years 

 _____ 6-10 years 

 _____ more than 10 years 

 

19. Have you had a carotid endarterectomy? ___ ___ ____/____ 

 

20. Has your doctor ever told you that you   

 have a heart valve problem? ___ ___ ____/____ 

 

21. Have you had heart valve replacement  

 surgery? ___ ___ ____/____ 

 

 If yes, what heart valves were replaced? ___ mitral  ___ aortic 

 

22. Have you had cardiomyopathy? ___ ___ ____/____ 

 

23. Have you had a heart aneurysm? ___ ___ ____/____ 

 

24. Have you had heart failure? ___ ___ ____/____ 

  

25. Have you ever suffered cardiac arrest? ___ ___ ____/____ 

 

26. Do you smoke?  Yes ___ No ____ 

 If yes, how long have you smoked   _____ years 
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 How many cigarettes per day _____ per day 

 If you stopped smoking, when did you do it? _____ years ago  

 

27. Are you using hormonal replacement therapy?   Yes___  No ____ 

 

28. Have you had vasculitis problems or Raynaud’s phenomenon (finger blanching with cold 
exposure)  

   

  ___ ___ ____/____ 

 

29. Are you taking medications for high blood pressure 

(beta blockers) or anti-inflammatory drugs?   

                                                                                                Yes___ No____ 

 

Name of drug                   Dosage Times/Day Duration of use 

         

 

          

       

         

 

         

 

 

30. Other medical problems: Indicate if you have had any of the following medical problems: 

 Past    Now 

 ____  ____  Alcoholism 

 ____  ____ Allergies 

 ____  ____ Anemia 

 ____  ____ Arthritis 

 ____  ____ Asthma 

 ____  ____ Back injury or problem 

 ____  ____ Blood clots 

 ____  ____ Bronchitis 

 ____  ____ Cirrhosis 

 ____  ____ Claudication 

 ____  ____ Elbow or shoulder problems 

 ____  ____ Emotional disorder 

 ____  ____ Eye problems 

 ____  ____ Gall bladder disease 

 ____  ____ Glaucoma 

 ____  ____ Gout 

 ____  ____ Headaches 

 ____  ____ Hemorrhoids 

 ____  ____ Hernia 

 ____  ____ Herpes simplex 
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 ____  ____ Hip, knee, or ankle problems 

 ____  ____ Intestinal disorders 

 ____  ____ Joint implants 

 ____  ____ Kidney disease 

 ____  ____ Knee osteoarthritis 

 ____  ____ Liver disease 

 ____  ____ Lung disease 

 ____  ____ Mental illness 

 ____  ____ Migraines 

 ____  ____ Neck injury or problem 

 ____  ____ Neuralgic disorder 

 ____  ____ OB/GYN problems 

 ____  ____ Obesity/overweight 

 ____  ____ Osteoporosis 

 ____  ____ Parkinson's disease 

 ____  ____ Phlebitis 

 ____  ____ Prostate trouble 

 ____  ____ Rheumatic fever 

 ____  ____ Seizure disorder 

 ____  ____ Stomach disease 

 ____  ____ Thrombosis 

 ____  ____ Thyroid disease 

 ____  ____ Tumors or cancer - List type: _______________ 

 ____  ____ Foot Ulcers 

 ____  ____ Other - specify: ________________ 

 

 

List other medications / supplements you are taking below: 

 

Name of Drug Dosage Times/day Duration of drug use 
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APPENDIX E 

 

GERIATRIC DEPRESSION SCALE 

 

 
Choose the best answer for how you have felt over the past week: 

1. Are you basically satisfied with your life? YES / NO 

2. Have you dropped many of your activities and interests? YES / NO 

3. Do you feel that your life is empty? YES / NO 

4. Do you often get bored? YES / NO 

5. Are you in good spirits most of the time? YES / NO 

6. Are you afraid that something bad is going to happen to you? YES / NO 

7. Do you feel happy most of the time? YES / NO 

8. Do you often feel helpless? YES / NO 

9. Do you prefer to stay at home, rather than going out and doing new things? YES / NO 

10. Do you feel you have more problems with memory than most? YES / NO 

11. Do you think it is wonderful to be alive now? YES / NO 

12. Do you feel pretty worthless the way you are now? YES / NO 

13. Do you feel full of energy? YES / NO 

14. Do you feel that your situation is hopeless? YES / NO 

15. Do you think that most people are better off than you are? YES / NO 

 



68 

APPENDIX F 

 

SHORT PORTABLE MENTAL STATUS QUESTIONNAIRE 

 

 
Short Portable Mental Status Questionnaire (SPMSQ)   

 

Patient’s Name:  ________________________________________   Date:          

Circle Appropriate  SEX:   M         F    RACE:   White         Black         Other    

Description:               YRS OF EDUCATION:   Grade School         High School         Beyond High School  

Instructions:  Ask questions 1 to 10 on this list and record all answers. (Ask question 4a only if the subject does not have a 
telephone.) All responses must be given without reference to calendar, newspaper, birth certificate, or other aid to memory. Record 
the total number of errors based on the answers to the 10 questions.  
  

+  –  Questions  Instructions  

    

1.  What is the date today?  

    

Correct only when the month, date, and year are all correct.  

    

2.  What day of the week is it?  

    

Correct only when the day is correct.  

    
3.  What is the name of this place?  

    

Correct if any of the description of the location is given.  “My 
home,” the correct city/town, or the correct name of the 
hospital/institution are all acceptable.  

    
4.  What is your telephone number?  

    

Correct when the number can be verified or the subject can 
repeat the same number at a later time in the interview.  

    

4a. What is your street address?   

    

Ask only if the subject does not have a telephone.  

    

5.  How old are you?  

    

Correct when the stated age corresponds to the date of birth.  

    

6.  When were you born?  

    

Correct only when the month, date, and year are correct.  

    

7.  Who is the president of the United States 
now?  

    

Requires only the correct last name.  

    

8.  Who was president just before him?  

    

Requires only the correct last name.  

    

9.  What was your mother’s maiden name?  

    

Needs no verification; it only requires a female first name plus 
a last name other than the subject’s.  

    

10.  Subtract 3 from 20 and keep subtracting 3 
from each new number, all the way down.  

    

The entire series must be performed correctly to be scored as 
correct. Any error in the series—or an unwillingness to attempt 
the series—is scored as incorrect.  
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APPENDIX G 

 

ADELAIDE DRIVING SELF-EFFICACY SCALE 

 

 
How confident do you feel doing the following activities? 

Please circle a number between 0 and 10: 

 

1. Driving in your local area? 

0 1 2 3 4 5 6 7 8 9 10 

Not confident        Completely confident 

 

2. Driving in heavy traffic? 

0 1 2 3 4 5 6 7 8 9 10 

Not confident        Completely confident 

 

3. Driving in unfamiliar areas? 

0 1 2 3 4 5 6 7 8 9 10 

Not confident        Completely confident 

 

4. Driving at night? 

0 1 2 3 4 5 6 7 8 9 10 

Not confident        Completely confident 

 

5. Driving with people in the car? 

0 1 2 3 4 5 6 7 8 9 10 

Not confident        Completely confident 

 

6. Responding to road signs/traffic signals? 

0 1 2 3 4 5 6 7 8 9 10 

Not confident        Completely confident 
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7. Driving around a traffic circle (also called a rotary or roundabout)? 

0 1 2 3 4 5 6 7 8 9 10 

Not confident        Completely confident 

 

8. Attempting to merge with traffic? 

0 1 2 3 4 5 6 7 8 9 10 

Not confident        Completely confident 

 

9. Turning left across oncoming traffic? 

0 1 2 3 4 5 6 7 8 9 10 

Not confident        Completely confident 

 

10. Planning travel to a new destination? 

0 1 2 3 4 5 6 7 8 9 10 

Not confident        Completely confident 

 

11. Driving in high speed areas? 

0 1 2 3 4 5 6 7 8 9 10 

Not confident        Completely confident 

 

12. Parallel parking? 

0 1 2 3 4 5 6 7 8 9 10 

Not confident        Completely confident 
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APPENDIX H 

 

DRIVING HABITS QUESTIONNAIRE 
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APPENDIX I 

 

BORG RPE SCALE 

 

 
While doing physical activity, we want you to rate your perception of exertion. This feeling 

should reflect how heavy and strenuous the exercise feels to you, combining all sensations and 

feelings of physical stress, effort, and fatigue. Do not concern yourself with any one factor such 

as leg pain or shortness of breath, but try to focus on your total feeling of exertion. 

 

Look at the rating scale below while you are engaging in an activity; it ranges from 6 to 20, 

where 6 means "no exertion at all" and 20 means "maximal exertion." Choose the number from 

below that best describes your level of exertion. This will give you a good idea of the intensity 

level of your activity, and you can use this information to speed up or slow down your 

movements to reach your desired range. 

Try to appraise your feeling of exertion as honestly as possible, without thinking about what the 

actual physical load is. Your own feeling of effort and exertion is important, not how it compares 

to other people's. Look at the scales and the expressions and then give a number. 

 

 

9 corresponds to "very light" exercise. For a healthy person, it is 

like walking slowly at his or her own pace for some minutes 

13 on the scale is "somewhat hard" exercise, but it still feels OK 

to continue. 

17 "very hard" is very strenuous. A healthy person can still go 

on, but he or she really has to push him- or herself. It feels very 

heavy, and the person is very tired. 

19 on the scale is an extremely strenuous exercise level. For 

most people this is the most strenuous exercise they have ever 

experienced. 

 

 

 

 

 

 

  

# Level of Exertion 

6 No exertion at all 

7   

7.5 Extremely light 

8   

9  Very light 

10   

11 Light 

12   

13 Somewhat hard 

14   

15 Hard (heavy) 

16   

17 Very hard 

18   

19 Extremely hard 

20 Maximal exertion 
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APPENDIX J 

 

TRAIL MAKING TEST PART A 
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APPENDIX K 

 

TRAIL MAKING TEST PART B 
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APPENDIX L 

 

EXPECTATIONS (EXPERIMENTAL GROUP) 
 

 

 

To what degree do you believe that exercising on the bike will help your performance in… 

 

the driving task? 

 

1           2 3 4 5 6 7 8 9 10 

None/not at all                                                                        Very much/very well 
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APPENDIX M 

 

EXPECTATIONS (CONTROL GROUP) 
 

 

 

To what degree do you believe that watching the video will help your performance in… 

 

the driving task? 

 

1           2 3 4 5 6 7 8 9 10 

None/not at all                                                                        Very much/very well 
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APPENDIX N 

 

COMMITMENT CHECK  
 

Thank you for participating in this study. Please answer the following questions as honestly as 

you can. 

 

1. How committed were you while performing.... 

 

the driving task? 

1           2 3 4 5 6 7 8 9 10 

None/not at all                                                                        Very much/very well 

 

the paper & pencil task? 

1           2 3 4 5 6 7 8 9 10 

None/not at all                                                                        Very much/very well 

 

the word and color task? 

1           2 3 4 5 6 7 8 9 10 

None/not at all                                                                        Very much/very well 

 

 

 

 

2. How similar to real car driving is the driving simulator? 

 

1           2 3 4 5 6 7 8 9 10 

Not at all similar                                                                        Very similar 
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APPENDIX O 

 

CONSENT FORM 
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