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Abstract  
Acute aerobic exercise may increase cognitive processing speed 
among tasks demanding a substantial degree of executive func-
tion. Few studies have investigated executive function after 
acute exercise in older adults across various exercise intensities. 
Healthy females 60-75 years of age (n = 11) who were not on 
medications completed 20-min exercise sessions at a moderate 
(50%VO2max) exercise intensity and a vigorous (75%VO2max) 
exercise intensity. Modified flanker tasks (reaction times) and 
d2 tests of sustained and selective attention (components of 
executive function) were completed before, immediately after, 
and 30-min post-exercise. Results indicated that older adult 
females had improved scores on the modified flanker task reac-
tion times (RTT, RTI, RTC) and d2 tests immediately after both 
moderate and vigorous intensity aerobic exercise. Some of these 
effects were maintained 30 min post-exercise. These findings 
suggest that an acute bout of exercise, regardless of intensity, 
can improve performance on tests of executive function in older 
women. 
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Introduction 
 
There is a high prevalence of decreased cognition in the 
aging population (Chan et al., 2005). One of the typical 
characteristics of non-pathological brain aging includes 
some loss of cognitive function (Erickson and Kramer, 
2009). Executive functions (reaction time and attention 
tasks) are a part of cognitive function and include tasks 
demanding diligence, conscious control, and the pro-
cessing of new information. These executive functions 
typically involve the frontal, prefrontal, and parietal por-
tions of the brain (Colcombe et al., 2004). Structural, 
physiological, and psychological changes in the frontal 
part of the brain are common in older adults (Colcombe et 
al., 2004).    

There has been increasing evidence that regular 
physical activity can help prevent, or at least delay, the 
onset of cognitive loss (Colcombe and Kramer, 2003). 
Erickson and Kramer (2009), and Hillman, Snook, and 
Jerome (2003) have reported that cognitive function is the 
brain function most positively affected by cardiovascular 
exercise. Participation in aerobic exercise and physical 
activity seems to have a strong shielding effect on brain 
function and anatomy in many older adults as well as 
those who are susceptible to the development of cognitive 
deterioration (Churchill et al., 2002; Colcombe and Kra-
mer, 2003). Cardiovascular exercise appears to considera-
bly reduce the loss of brain tissue in regions controlling 

executive function (Colcombe and Kramer, 2003). Execu-
tive function describes attention, reaction time, and re-
sponse accuracy. Executive function manipulates, con-
trols, and organizes other aspects of cognition, and in-
cludes a wide variety of tasks, such as planning, attention, 
problem-solving, the initiation and directing of ac-
tions, task-switching, reasoning, and multitasking 
(Beilock and Carr, 2005). In older adult brains, improve-
ments in baseline aerobic fitness can supply an amount of 
plasticity and resilience to neural substrates that is absent 
in the elderly who possess a low fitness status (Colcombe 
et al., 2004). It is believed that participation in exercise 
that improves aerobic capacity helps increase oxygen-rich 
blood flow to the brain, which facilitates normal physio-
logical processes (Colcombe et al., 2004).  

Implications have been made that acute aerobic 
exercise helps increase cognitive processing speed among 
tasks demanding a substantial degree of executive func-
tion (Hillman et al., 2003; Kamijo et al., 2007). Kamijo et 
al. (2009) reported that older adults 60-74 years of age, 
had elements of executive function such as reaction time, 
and response accuracy improved after an acute bout of  
“moderate” (50% of VO2max), but not “light” (30% of 
VO2max) aerobic exercise. While Kamijo et al. (2009) 
noted that executive function was improved after moder-
ate exercise; it is unclear how cognition will be improved 
in older adults after higher intensity exercise [i.e., >60% 
of VO2max; 60-84 %VO2max – defined as “vigorous” 
(ACSM, 2014)], especially if they are not chronic aerobic 
exercisers (Pesce, 2009).  

The effect of high intensity exercise on executive 
function has been investigated by Kamijo et al. (2004) 
and Budde et al. (2012) in young adults. Kamijo et al. 
(2004) found that executive function decreased after an 
acute about of high-intensity aerobic exercise (i.e., maxi-
mal cycling GXT) in young adult males. Conversely, 
Budde et al. (2012) reported that in young adults, only 
those who exercised regularly displayed improvements in 
executive function after high-intensity aerobic exercise 
(i.e., 20-m sprints for 3 min to max HR two times). In 
addition, Hogervorst, Riedel, Jeukendrup, and Jolles 
(1996) and Winter et al. (2007) reported that cognition 
could be increased after high-intensity exercise bouts of 
75% of maximal work rate. Therefore, cognition does not 
always decline after high-intensity exercise, such as 
sprinting in young adults (Winter et al., 2007).   

Because many of the studies on cognitive respons-
es to acute exercise have been performed on younger 
adults, the purposes of this study were to investigate in 
older women who were aerobically fit: 1) whether cogni-
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tive function (i.e., reaction times from the flanker test, and 
results from a d2 test) changed after acute bouts of mod-
erate or vigorous exercise; 2) if changes in cognitive func-
tion existed 30 minutes after exercise at each intensity; 3) 
whether the aerobic fitness of older women (≥ 60 years of 
age) was related to cognitive function after acute bouts of 
moderate and high-intensity exercise.  

 
Methods 
 
Design 
The study design was a pre-test/post-test experimental 
study with the treatment (exercise trials at a moderate or 
at a vigorous intensity; Pre-Ex) performed after baseline 
fitness testing of the participants. After each exercise trial 
performed to the participant’s target HR, the dependent 
variables were measured immediately after exercise 
(Imm-Ex) and at 30 minutes after exercise (Post-30). 
Dependent variables for the study were Total Reaction 
Time (RTT), Incongruent Reaction Time (RTI), Congruent 
Reaction Time (RTC), Error rate (i.e., the relative number 
of all errors of confusion and elimination), GZ value (i.e., 
the rate at which participants mark off each d2 and the 
overall number of marked letters within the d2 test), and 
SKL value (i.e., a measure of attention; the standardized 
number of accurate answers minus confusion errors).   
 
Participants 
Women, 60-75 years of age (n = 11), were recruited from 
a midwestern university and surrounding community. 
Only women were chosen because few studies have been 
conducted investigating exercise and cognition of older 
women. Females may be at a greater risk for developing 
cognitive decline because of the decrease in estrogen 
levels at menopause (Spirduso et al., 2008). Any partici-
pant who was taking medications for cognitive impair-
ment was excluded, as well as individuals who were on 
blood pressure medications, antidepressants, or medica-
tions for mental illness. There were 10 women who were 
screened out of the study because of medications; about 
50% of the respondents participated in the study. A physi-
cian’s consent form was obtained by each participant 
before involvement in the study.  Participants gave their 
informed consent, and this study was approved by the 
Human Subjects Review Board at the university. 
 
Measures 
Baseline Physiological and Fitness Tests 
Determination of predicted VO2max: A measure of each 
participant’s fitness level was assessed by having each 
participant complete a submaximal graded exercise test 
(GXT) (Balke Protocol) walking on a motorized tread-
mill. A submaximal graded exercise test was given in-
stead of a maximal graded exercise test because submax-
imal tests of cardiovascular fitness do not require a physi-
cian’s presence, provide lower risks than exercising at 
maximal intensity, and are fairly precise in predicting 
VO2max (ACSM, 2014). Participants walked on the 
treadmill until their heart rate reached 85% of their age-
predicted maximal HR calculated from 206.9 - (.67*age) 

(ACSM, 2014). The protocol included a 3-minute warm-
up period at 2.0 mph before the first stage (ACSM, 2014). 
Blood pressure via auscultation, and heart rate via elec-
trocardiograph (EKG) were measured before the test, as 
well as during each stage of the GXT (ACSM, 2014). 
Ratings of perceived exertion (RPE) using the 15-point 
(6-20) Borg (1973) scale were recorded at the end of each 
stage of the GXT. 

Waist and hip circumferences: Waist and hip cir-
cumferences (cm) were used to determine distribution of 
body fat and health risk. A Gulick tape was used to meas-
ure these circumferences according to standard proce-
dures (ACSM, 2014).  The waist-to-hip ratio (WHR) was 
calculated from these values.  

International Physical Activity Questionnaire 
(IPAQ) (Hagstrӧmer et al., 2006):  The IPAQ is a popular 
and valid physical activity questionnaire used internation-
ally to assess physical activity levels (Hagstrӧmer et al., 
2005). The IPAQ has three ratings.  A 3 designates those 
who are highly active and participate in 30 minutes of 
high-intensity exercise, or an hour or more of moderate-
intensity exercise above the basal level of physical activi-
ty (approximately 5,000 steps per day) (IPAQ, 2005).  
Individuals who are highly active are also classified by 
completing 12,500 or more steps per day (IPAQ, 2005).  
Those who are rated at a moderate physical activity score 
of a 2 are active for 30 minutes on most days of the week 
at a moderate-intensity (IPAQ, 2005). Individuals who 
score a 1 are considered low active and do not meet any 
of the criteria for moderate or high active (IPAQ, 2005).  
The IPAQ also classifies individuals into a low, moderate, 
or high category as a sum of MET-minutes/week (IPAQ, 
2005).  Those who are high active, or category 3, score at 
least 3000 MET-minutes/week from total physical activity 
levels (walking, moderate, or high-intensity exercise), or 
1500 MET-minutes/week from high-intensity exercise 
(IPAQ, 2005). Individuals who are categorized as a 2, or 
are moderately active, attain at least 600 MET-
minutes/week (IPAQ, 2005).  Those who are categorized 
as a 1, or are low active, do not meet the criteria for cate-
gories 2 or 3 (IPAQ, 2005).  

Executive Function Tests - Modified flanker task 
and d2 test (Budde et al., 2012; Kamijo et al., 2009): The 
modified flanker task measures reaction time and re-
sponse accuracy, which are aspects of inhibitory control 
and executive function (Kamijo et al., 2007; Kamijo et al., 
2009). The test was administered on a computer screen, 
where 5 arrows were shown per situation. There were 80 
situations, 40 congruent and 40 incongruent.  In the 
congruent situation, arrows are displayed that point in the 
same direction as the middle arrow, the arrow of 
reference, allowing quicker reaction time (e.g., ⇒ ⇒ ⇒ 
⇒ ⇒). In the incongruent condition, the arrow can point 
in the same or opposite direction as the arrow of 
reference, which can increase reaction time (e.g., ⇒ ⇒ ⇐ 
⇒ ⇒). This reaction time condition demands a larger 
extent of executive function, which is attributable to stim-
ulation of the inaccurate answer before the assessment is 
finished (Kamijo et al., 2009). The participant pressed 
either the right or left “control” button, depending on the 
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The d2 test of sustained and selective attention, 
components of executive function (Bates and Lemay, 
2004; Budde et al., 2012), includes 14 lines of 47 arbitrar-
ily assorted letters (“p” or “d”) per line, where one line is 
shown at a time (Budde et al., 2012). There are one to 
four dashes over and under each letter. The participant 
only chooses the letter “d” with two dashes above or 
below the letter.  With a click of a mouse, an “x” will be 
marked at the top of the chosen letter on a computer 
screen. Each line is shown for only 20 seconds before a 
new line is revealed. The total time allowed for the d2 test 
was approximately 5 minutes. The d2 test has been shown 
to be valid, and reliable in measuring some components of 
executive function, such as sustained and selective atten-
tion (Budde et al., 2012). There are three variables meas-
ured within the d2 test to assess attention. Each variable 
was normalized into a ratio according to the total number 
of d2’s within the test. The error rate measures precision 
and thoroughness, and is the number of all errors (mark-
ing off the wrong letter, a “d” with more or less than 2 
dashes, or not marking off a d2 when there was one pre-
sent). The GZ value measures working speed, and is the 
overall number of marked letters within the test.  The 
SKL value is an indicator of attention span, and is the 
standardized number of accurate answers minus confusion 
errors (Budde et al., 2012). 
 
Procedure 
Each participant reported to the exercise physiology la-
boratory three times at the same time of day, 4-7 days 
apart. When arriving for the first visit (i.e., baseline fit-
ness testing), each participant was given an informed 
consent form, a medical history questionnaire, and the 
long version of the International Physical Activity Ques-
tionnaire (IPAQ) (Hagstrӧmer et al., 2006). After com-
pleting all of these forms, participants had their height and 
body mass measured, and body mass index (BMI) was 
calculated. Waist and hip circumferences (cm) were 
measured with a Gulick tape and WHR was calculated 
(ACSM, 2014). Demographic data are shown in Table 1.  

For the baseline fitness testing and the exercise tri-
als, the modified flanker task and d2 test were given be-
fore exercise to assess executive function. In order to 
reduce the effects of learning (Davranche et al., 2009; 

After these cognitive tasks were completed prior to 
(Pre-Ex) the baseline fitness testing or exercise trials, the 
GXT or exercise trials were completed. Less than two 
minutes after exercise (Imm-Ex), participants again com-
pleted 80 trials of the modified flanker task (Kamjio et al., 
2009) followed by 14 lines of the d2 test. The modified 
flanker task and d2 test were taken again 30 minutes post-
exercise (Post-30). During the waiting period, participants 
were given magazines to read, as well as water. For the d2 
test of selective and sustained attention, each dependent 
variable of the d2 test was normalized into a ratio because 
the total number of d2’s in each test was not the same. 
The number of d2’s in each test was randomized because 
if the total number of d2’s were identical in each test, 
participants might start to recognize a pattern.    

During the exercise trials, the participants were al-
ternately assigned to a moderate exercise session at 50% 
of their estimated VO2max for 20 minutes, following a 5-
minute warm-up period of walking, or a vigorous intensi-
ty exercise session at 75% of their estimated VO2max for 
the same duration. The duration of 20 minutes was chosen 
because previous studies with exercise of 15 to 20 
minutes had an impact on cognitive functioning (Dav-
ranche et al., 2005, 2006; Davranche and Audiffren, 2004; 
Kamijo et al., 2009). Budde et al. (2010) noted previously 
that exercise intensity is more important than exercise 
duration when investigating the endocrine response and 
cognition. In this study, cognition was measured before 
and after moderate and high intensity aerobic exercise of 
the same duration. The exercise intensity at a percentage 
of VO2max was estimated using metabolic equations 
(ACSM, 2014). The speed was set at 3.0 mph while the 
grade was manipulated by the researcher to ensure each 
participant reached the specified intensity after the warm-
up period.  Each participant completed both intensities of 
exercise on separate days.  HR, blood pressure, and RPE 
were recorded every 5 minutes during each 20-min exer-
cise session (Kamjio et al., 2009).  The modified flanker 
and d-2 tests were administered similarly to the baseline 
fitness testing session. 

 
                      Table 1. Descriptive characteristics of participants (n = 11). 

Variable Mean ± SD Minumum Maximum 
Age (years) 65.8 ± 3.8 60 72 
Height (m) 1.64 ± .07 1.55 1.73 
Body Mass (kg) 65.1 ± 8.0 50.5 77.7 
BMI (kg.m-2) 24.2 ± 2.3 19.7 25.7 
Waist (cm) 74.8 ± 6.5 65 89.7 
Hip (cm) 98.9 ± 5.4 88.6 109.5 
WHR 0.75 ± 0.05 0.69 0.86 
VO2max (ml.kg.-1min-1) 36.8 ± 14.5 14.93 56.8 
IPAQ Total Physical Activity Score (MET-minutes) 6857 ± 6298 657 22,947 
IPAQ Rating 2.6 ± 0.51 2 3 

VO2 max = maximal oxygen consumption; BMI = Body Mass Index; WHR = Waist-to-Hip Ratio; IPAQ = Internatio-
nal Physical Activity Questionnaire; IPAQ rating: 1 = low active, 2 = moderately active, 3 = high active. 

direction the middle arrow was pointing. The modified 
flanker  task takes about 8.5 minutes to complete (Kamijo  
et al., 2009).   

Kamijo et al., 2009), 32 practice trials of the modified 
flanker task and 3 lines of the d2 test were permitted be-
fore the protocol for the VO2max test and exercise trials. 
After practice, either 80 real trials (40 congruent and 40 
incongruent situations) of the modified flanker test and 
the d2 test were completed first with the order of the tests 
alternated. 
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Table 2. Means and standard deviations for Total Reaction Time (RTT), Incongruent Reaction Time (RTI), 
and Congruent Reaction Time (RTC) by time regardless of exercise intensity (N = 10).   

 Pre-Ex Imm-Ex Post-30 p ηp
2 1-β 

RTT 529.6 ± 109.8 494.8 ± 89.5 511.2 ± 100.3 .010* .403 .825 
RTI 566.3 ± 134.7 516.6 ± 88.8 526.8 ± 101.1 .005* .447 .890 
RTC 492.8 ± 91.4 473.0 ± 92.7 485.2 ± 97.9 .035* .310 .644 

Pre-Ex=pre-exercise; Imm-Ex=immediately after exercise; Post-30=post-exercise 30-min  * p < 0.05= signifi-
cant main effect for Time; ηp

2 = partial eta2; 1-β = power  
 

Table 3. Means and standard deviations for Error rate (normalized number of errors), GZ value, and SKL va-
lue by time regardless of exercise intensity (N = 11). 

 Pre-Ex Imm-Ex Post-30 p ηp
2 1-β 

Error Rate .179 ± .840 .165 ± .774 .142 ± .666 .003* .435 .912 
GZ Value .826 ± .192 .848 ± .188 .861 ± .159 .005* .414 .886 
SKL Value .817 ± .188 .835 ± .178 .863 ± .164 .001* .482 .956 

* p ≤ 0.05 = significant main effect for Time; Error rate, GZ value, and SKL value were each normalized into a ra-
tio divided by the total number of possible d2’s per line in each test.  Pre-Ex=pre-exercise; Imm-Ex=immediately 
after exercise; Post-30=post-exercise 30-min; ηp

2 = partial eta2; 1–β = power  
 
Statistical analysis 
Means and standard deviations were calculated for all 
variables. Appropriate two-way repeated measures (2 × 3; 
Exercise Intensity × Time) ANOVAs were used to deter-
mine if there were significant differences between means 
for the various levels of the independent variables.  Level 
of significance was set at p ≤ 0.05. Appropriate post hoc 
tests were calculated to determine where the differences 
occurred, if applicable. Pearson correlations for VO2max 
with each dependent variable at each time, and for 
VO2max with the difference scores for Pre-Ex to Imm-Ex 
were calculated. 
 
Results 
 
Descriptive characteristics of the participants 
Demographic data for the participants are shown in Table 
1. The mean BMI for the women was 24.2 and was in the 
“normal” range (ACSM, 2014), and the mean WHR of 
0.75 was in the “low” risk category (ACSM, 2014). The 
mean estimated VO2max value for participants was 36.8 
ml˙kg-1∙min-1; for this age group this is rated as superior 
(ACSM, 2014). Results from the IPAQ indicated that 7 
women were highly active, while 4 were moderately ac-
tive. The average Total IPAQ Physical Activity Score for 
participants was 6857 MET-minutes, while their mean 
IPAQ rating was 2.6. Those who had the highest VO2max 
values in this study scored a 3 for high physical activity 
levels, while those who scored a 2 for moderate physical 
activity levels had lower VO2max values. This indicates 
the participants from this study were moderate to highly 
active, generally of low risk for cardiovascular disease, 
and not on any medications. 
 
Reaction time scores from the Modified Flanker Task 
– Effects of exercise intensity and time 
Total Reaction Time (RTT): Results of the two-way re-
peated measures ANOVA for RTT indicated no signifi-
cant difference due to Exercise Intensity (F = 0.138; df = 
1; p = 0.719; ηp

2 = 0.015; 1-β = 0.063). However, there 
was a main effect for Time [see Table 2 and Figure 1a]. 
There was no Time × Intensity interaction.  Two-tailed, 
post hoc dependent t-tests for each combination of RTT 

means (i.e., Pre-Ex to Imm-Ex, Pre-Ex to Post-30, and 
Imm-Ex to Post-30) were calculated. The mean Pre-Ex 
RTT was significantly greater than the mean Imm-Ex RTT 
(t = 3.053; df = 19; p = 0.007; Cohen’s d = 0.46; 1-β = 
0.20).  Other means were not significantly different.   

Incongruent Reaction Time (RTI): There was not a 
significant effect for Exercise Intensity (F = 1.658; df = 1; 
p = 0.230; ηp

2 = 0.156; 1-β = 0.211) for RTI. However, 
there was a significant main effect for Time (see Table 2 
and Figure 1b). There was no significant interaction. 
There was a significant difference from Pre-Ex to Imm-
Ex (t = 3.018; df = 19; p = 0.007; Cohen’s d = 0.56; 1-β = 
0.33), and Pre-Ex to Post-30 (t = 2.217; df = 19; p = 
0.039; Cohen’s d = 0.43; 1-β = 0.40). The Imm-Ex to 
Post-30 mean was not significantly different.   

Congruent Reaction Time (RTC): There was not a 
significant main effect for Exercise Intensity (F = 0.550; 
df = 1; p = 0.477; ηp

2 = 0.058; 1-β = 0.102) for RTC. 
However, there was a significant main effect for Time (F 
= 4.044; df = 2; p = 0.035; ηp

2 = 0.310; 1-β = 0.644) (see 
Table 2 and Figure 1c). There was no significant Time × 
Intensity interaction. There was a significant difference 
from Pre-Ex to Imm-Ex (t = 2.297; df = 19; p = 0.033; 
Cohen’s d = 0.29; 1-β = 0.18).  The other means were not 
significantly different.   
 
Effects of exercise intensity and time on attention  
Error rate: For Error Rate (relative number of errors) 
there was not a significant main effect for Exercise Inten-
sity (F = 1.067; df = 1; p = 0.326; ηp

2 = 0.096; 1-β = 
0.155).  However, there was a significant main effect for 
Time (see Table 3 and Figure 2a).  There was no signifi-
cant interaction. For each combination of Error Rate 
means t-tests indicated there a significant difference from 
Pre-Ex to Post-30 (t value = 2.795; df = 21; p = 0.011; 
Cohen’s d = 0.29; 1-β = 0.10). Other means were not 
significantly different.   

There was no significant difference due to Exer-
cise Intensity for the GZ value (F = 3.686; df = 1; p = 
0.084; ηp

2 = 0.269; 1-β = 0.411). However, there was a 
significant main effect for Time (see Table 3 and Figure 
2b). There was no interaction. For each combination of 
GZ value means t-tests indicated there was a significant 
difference from Pre-Ex to Imm-Ex (t = -2.373; df = 21; p 
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= 0.027; Cohen’s d = -0.16; 1-β = 0.70), and Pre-Ex to 
Post-30 (t = -2.864; df = 21; p = 0.009; Cohen’s d = -0.28; 
1-β = 0.08).  Other means were not different. 

 
 

 
 
 

Figure 1. Total Reaction Time (a), Incongruent Reaction 
Time (b), and Congruent Reaction Time (c) by time and 
exercise intensity.  (Pre-Ex = pre-exercise; Imm-Ex = im-
mediately after exercise; Post-30 = post-exercise 30-minutes)  
(N = 10). *, # p ≤ 0.05, significantly different from Pre-Ex 
 

SKL: There was not a significant effect for Exer-
cise Intensity (F = 1.002; df = 1; p = 0.340; ηp

2 = 0.091; 1-
β = 0.148) for the SKL value.  However, there was a sig-
nificant main effect for Time (see Table 3 and Figure 2c). 
There was no interaction. Dependent, two-tailed t-tests for 
each combination of SKL value indicated there was a 
significant difference from Pre-Ex to Post-30 (t = -3.271; 
df = 21; p = 0.004; Cohen’s d = -0.35; 1-β = 0.08), and 
Imm-Ex to Post-30 (t = -2.176; df = 21; p = 0.041; Co-
hen’s d = -0.22; 1-β = 0.15). The other means were not 
significantly different. 
 
Relationship of VO2max to cognitive function  
Correlations were calculated between VO2max and the 
dependent variables at Pre-Ex, Imm-Ex, or Post-30 by 
exercise intensity and are shown in Table 4. VO2max was 
correlated with three of the dependent variables, RTT Pre-
Ex and RTT Post-30 for both intensities, RTT at all time 
periods except RTI Imm-Ex vigorous intensity, and for 
RTC for moderate Intensity exercise at Pre-Ex and Post-30 
but not for vigorous intensity exercise (see Table 4). Only 
two correlations of VO2max with change scores (i.e., Pre-

Ex minus Imm-Ex values) for RTT Moderate Intensity, r 
= 0.619, p = 0.028 and RTC Moderate Intensity, r = .619, 
p = 0.028 were significant. No other correlations were 
significant. 
 

 

 
 
 

Figure 2. Error Rate (a), GZ value (b), and SKL value (c) by 
Time and Intensity Levels. (N = 11)  (Pre-Ex = pre-exercise; 
Imm-Ex = immediately after exercise; Post-30 = post-
exercise 30-min). *p  ≤ 0.05, significantly different from Pre-Ex 

 
Discussion 
 
The purpose of this study was to investigate the acute 
effects of 20 minutes of moderate (50% of VO2max) and 
20 minutes of vigorous (75% of VO2max) aerobic exer-
cise for older adult females (60-75 years of age) on cogni-
tive function as measured by executive functions (reaction 
time and attention tasks), immediately after exercise and 
post-exercise 30-minutes.  In addition, the relationship of 
VO2max with the cognitive variables was investigated. 
 
Acute effects of exercise on reaction time  
Reaction time results from the modified flanker task (i.e., 
RTT, RTI, and RTC) improved after acute exercise (i.e., 
Imm-Ex) regardless of exercise intensity (i.e., moderate 
intensity and vigorous intensity). RTT and RTC did not 
stay improved after 30 min of recovery. However, the 
effects of acute exercise remained for RTI as improve-
ment was sustained after 30 minutes of recovery (see 
Figure 2). These results are comparable to the findings by  
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Table 4. Correlations (r values) between VO2max and Dependent Variables at Pre-Ex, Imm-Ex and Post-30 
Minutes Exercise for Moderate and High Intensities. 

Moderate Intensity Pre-Ex Imm-Ex Post-30 
RTT .633* .523 .618* 
RTI .608* .572* .611* 
RTC .626* .474 .642* 

Error rate -.164 -.316 -.474 
GZ .183 .299 .462 

SKL .173 .318 .396 
High Intensity Pre-Ex Imm-Ex Post-30 

RTT .585* .483 .651* 
RTI .622* .478 .626* 
RTC .496 .464 .485 

Error rate -.324 -.369 -.055 
GZ .395 .539* .122 

SKL .411 .468 .098 
Pre-Ex = pre-exercise, Imm-Ex = immediately after exercise, Post-30=post-
exercise 30-min  *p ≤ 0.05; one-tailed. RTT = total reaction time; RTI = incon-
gruent reaction time; RTC = congruent reaction time. Error rate = the relative 
number of all errors of confusion and elimination. GZ value = measures the 
rate at which participants mark off each d2; the overall number of marked let-
ters within the d2 test. SKL value measures attention; the standardized number 
of accurate answers minus confusion errors.   

 
Kamijo et al. (2009), who reported that reaction time was 
improved immediately after moderate-intensity (i.e., 50% 
VO2max) exercise for older males (60-74 years) and 
younger males (19-25 years). They had participants com-
plete a modified flanker task before and less than 2 
minutes after both a light (30% VO2max) and moderate 
(50% VO2max) 20-min cycling session. After exercising 
at 50% VO2max, reaction time significantly decreased for 
both age groups. However, the exercise session at 30% 
VO2max resulted in no significant decrease in reaction 
time as compared to baseline. Davranche et al. (2009) 
also used a modified version of the Eriksen flanker task, 
which measures executive function, and found that during 
20 minutes of cycling at a moderate intensity of 50% of 
maximal aerobic power, congruent and incongruent reac-
tion times were improved in university students and staff 
compared to baseline. Immediately after aerobic exercise 
at both moderate and vigorous intensities (50% VO2max 
and 75% VO2max) in this study, older adult females (60-
75 years) significantly decreased their reaction times (i.e., 
RTT, RTI, and RTC) as well. Therefore, reaction time 
improved regardless of the intensity of exercise.   

In this study, the changes in incongruent RT were 
greater than in the congruent condition. This may be be-
cause incongruent RT uses a larger portion of executive 
function processing (Hillman et al., 2003; Kamijo et al., 
2007) than the congruent condition. The incongruent 
arrows cause a slower reaction time due to the stimulation 
of an inaccurate answer before the task is finished (Hill-
man et al., 2003). This is because the surrounding arrows 
point in opposite directions as compared to the middle 
arrow, the arrow that participants are expected to react to 
(Kamijo et al., 2009). The accurate answer brought out by 
the target stimulus is challenged in the incongruent condi-
tion (Hillman et al., 2003; Kamijo et al., 2009). Older 
adult females had faster reaction times in incongruent 
condition immediately after exercise, as well as 30 
minutes after exercise for both exercise intensities. In 
contrast, for the congruent condition, reaction time was 

only significantly improved from immediately after exer-
cise. It appears that the incongruent condition elicited 
greater reaction time changes. The incongruent condition 
of a flanker task requires a larger extent of executive 
function than the congruent condition (Colcombe et al., 
2004).   

The findings from this study of the reaction time 
effect for the incongruent condition also are important 
because acute aerobic exercise of moderate and vigorous 
intensities can improve executive function processes in 
older women who possess a high level of fitness (i.e., 
mean VO2max was 36.8 ml˙kg-1˙min-1 in this study). The 
VO2max of the participants was considered superior for 
females 60-79 years of age (ACSM, 2014), and was be-
tween the 90-95 percentiles. This supports the results of 
Colcombe et al. (2004) who assessed fitness levels of 
older adults using the Rockport 1-mile walk test. They 
reported that older adults with higher fitness levels dis-
played a greater reduction in reaction time during the 
incongruent condition of a flanker task as compared to 
those with lower fitness levels. Because of a small sample 
size, participants in the present study could not be strati-
fied by fitness level, and served as their own controls. 
Future studies may include a control group and fitness 
stratification of older women not taking medications to 
further delineate whether aerobic fitness levels effects on 
RT changes after acute exercise in aerobically fit older 
adults are comparable to their less fit counterparts.  

In older adults, executive function may be respon-
sible for controlling how they walk, particularly during 
more difficult predicaments such as walking up stairs or 
walking outside in icy conditions (Mirelman et al., 2012).  
Because of this, the risk of a fall may increase due to 
declining executive functioning (i.e., reaction time and 
attention). At rest, participants in this study of high and 
moderate fitness possessed similar reaction time scores, 
however, those who had a higher fitness level displayed a 
greater reduction in the incongruent condition of a flanker 
task, which requires a larger extent of executive function 
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than the congruent condition (Colcombe et al., 2004).  If 
executive function can be improved through increases in 
aerobic fitness, then this knowledge may help motivate 
some older adults to participate in regular aerobic exer-
cise.   
 
Acute effects of exercise on attention  
Each d2 test variable that was measured (i.e., error rate, 
GZ score, and SKL score) improved after exercise, and all 
were significantly different from baseline at 30 minutes 
after the completion of exercise, regardless of exercise 
intensity. The number of total errors (both errors of elimi-
nation and confusion), as well as measures of precision 
and thoroughness, significantly decreased from Pre-Ex to 
Post-30. This means that aerobic exercise reduces error 
through 30-minutes post-exercise. The GZ value is the 
overall number of marked letters (“d” or “p”), whether the 
marked letter is right or wrong, within the d2 test (Budde 
et al., 2012). This value corresponds to working speed 
(how fast one responds in marking off a letter), and sig-
nificantly increased from Pre-Ex to Imm-Ex, as well as 
from Pre-Ex to Post-30, meaning that working speed 
increased after exercise, and persisted 30-minutes post-
exercise.  The SKL value measures attention span, and is 
the standardized number of accurate answers minus con-
fusion errors. The SKL value significantly improved from 
Pre-Ex to Post-30, and from Imm-Ex to Post-30. This 
means that almost all marked letters were accurately 
marked as d2’s, therefore, attention span increased across 
time (Budde et al., 2012). Together, the d2 test variables 
of Error Rate, GZ, and SKL measure selective and sus-
tained attention, aspects of executive function (Budde et 
al., 2012) and were improved after acute exercise for 
these older women. 

Stroth et al. (2009) believed that the d2 test of at-
tention requires less concentration, can become automatic, 
and may not be a reliable task to use in assessing the 
effects of exercise on attention. In this study participants 
practiced the d2 test during their baseline session, where 
fitness status was assessed. They first had a chance to 
practice 3 lines of the d2 test, and then real trials (14 
lines) were taken before their submaximal exercise test.  
Immediately and 30 minutes after the exercise test, real 
trials (14 lines) were taken of the d2 test. When partici-
pants arrived for their second and third sessions to assess 
the effects of acute aerobic exercise of moderate and 
high-intensity on executive function (i.e., attention and 
reaction time), they had a chance to practice 3 lines of the 
d2 test, and then took the real trials, 14 lines of the test 
Pre-Ex, Imm-Ex, and Post-30. Even though the partici-
pants had many chances to practice, the results were still 
improved for the d2 test of attention following aerobic 
exercise of moderate and high-intensity.  It is unlikely 
participants’ scores changed due to a practice effect, be-
cause the number of d2’s in each test was randomized.  
 
Aerobic capacity (VO2max) and performance on exec-
utive function tests 
Recent evidence proposes that increases in aerobic fitness 
through regular physical activity are essential to sustain 
cognition (Hӧtting and Rӧder, 2013). In this study, reac-

tion time was significantly lower following both a moder-
ate and high-intensity exercise session for older adult 
females 60-75 years of age who possessed a superior 
VO2max for their age group. This supports results from 
previous studies. Barnes et al. (2003) reported that higher 
fitness levels of older adults (68.7 yrs) resulted in im-
proved cognition in their investigation in which they 
compared high (maxVO2 = 22.8 to 36.1 ml∙kg-1∙min-1) and 
low fit (maxVO2 = 12.3 to 18.6 ml∙kg-1∙min-1) women. 
Colcombe et al. (2004) also reported that individuals with 
a higher level of fitness show greater improvements in 
attention and reaction time after exercise.  In addition, 
Albert et al. (1995) suggested that in adults 70-79 years of 
age, those who regularly incorporated high-intensity exer-
cise showed less of a decline in cognition. Budde et al. 
(2012) also studied active and inactive young adults (19-
29 years of age) and had them complete the d2 test of 
attention after intermittent maximal exercise session and a 
seated control session. Those who were more active were 
able to improve their attention on the d2 test after the 
exercise condition, while those who were inactive did not 
benefit from the exercise session. This finding is similar 
to results in this study, because older adult females 60-75 
years of age who possessed a higher level of aerobic fit-
ness and physical activity participation were able to im-
prove their attention on the d2 test following an acute 
bout of moderate and high-intensity aerobic exercise. In 
addition, in the present study, maximal oxygen consump-
tion was not correlated with cognitive variables. Howev-
er, because of the small sample size these results should 
be interpreted carefully. There was difficulty in recruiting 
older females not on medications (a selected criterion for 
the study), and therefore a comparison between older 
females with high and low fitness levels was not complet-
ed.  

Since older adults of a high fitness level participat-
ed in this study, this could have significant implications 
because if older adult women could exercise before they 
start their day, they might be better able to pay attention 
to surrounding stimuli, such as during driving. However, 
according to Kamijo et al. (2007), individuals should first 
increase their fitness level to gain cognitive benefits.  It is 
believed that decreased blood flow to the frontal lobe in 
the brain is due to a reduced ability to maintain attention 
during challenging endeavors in older adults (Mahoney et 
al. 2010). Because the act of driving a car, planning out 
business meetings, or balancing a checkbook requires 
executive function, if a decline in this type of cognition 
occurs in older adults, they are going to have a more diffi-
cult time carrying out these tasks. Since aerobic exercise 
is known to increase blood flow to the brain (Colcombe et 
al., 2004), it is important that older adults increase the 
amount of time they spend participating in aerobic exer-
cise to enhance their fitness so that they can maintain 
good levels of executive functioning. 
 
Effects of recovery time on cognition  
Dependent variables were measured immediately after 
exercise and post-30-minutes to determine the time course 
for improvement in cognition, if present. Pontifex et al. 
(2009) tested 21 younger adults (Means: 20.2 years, 
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VO2max = 54.6 ml.kg-1.min-1) to determine whether acute 
aerobic exercise, resistance exercise, or both affected 
cognition after exercise. Participants completed a modi-
fied Sternberg task (Sternberg, 1996) that assessed reac-
tion time and response accuracy (i.e., executive function) 
by displaying a series of letter sequences involving upper-
case consonants or lowercase consonants. Participants had 
to press a key with their right or left thumbs, depending 
on which sequence was present. Participants completed 
the Sternberg task before, immediately after, and 30-
minutes following 30 minutes of aerobic exercise on a 
treadmill at 60-70% of VO2max, 30 minutes of strength 
training, or a rest condition of 30 minutes. Reaction time 
decreased immediately after exercise and 30-minutes 
post-exercise for the aerobic exercise condition only 
(Pontifex et al., 2009). Hogervorst et al. (1996) found that 
in trained individuals (18-42 years of age), reaction time 
and working speed was improved immediately after a 
bout of cycling at 70% of their VO2max, a workload that 
mimicked what they would cycle at for a one-hour all-out 
effort. Lambourne et al. (2006) found that in young adults 
(Means: 21.1 ± 1.7 years, VO2max 37.33 ± 5.15 ml.kg-

1.min-1) who cycled for 40 minutes at a moderate intensi-
ty, cognition returned to baseline measurements 30-
minutes post-exercise.   

If attention is elevated after exercise, this may help 
an individual identify a stimulus, and then react.  For 
example, if attention and reaction time are improved after 
exercise, this may help an individual be more alert during 
driving. If individuals, especially older adults, can pay 
more attention to events “on the road”, (e.g., deer sudden-
ly crosses the road), they may more readily react and step 
on the brakes. Executive function, especially selective 
attention, is very important during driving; deterioration 
in selective attention results in an increased risk for crash-
es and decreases in driving ability (Adrian et al., 2011).  
More research is needed to determine the effects of dif-
ferences in exercise intensities on cognition 30-minutes 
post-exercise in older adults.   

One limitation that should be considered when in-
terpreting the results of the current study is that VO2max 
was estimated. This estimation may introduce a ±10% 
error and could possibly mask differences between the 
moderate and high exercise intensities (Heyward, 2010). 
However, in the present study, cognition was improved 
regardless of exercise intensity in older women. More 
research needs to be completed with older adults to de-
termine at what intensities increases in cognition might be 
elicited and what mechanisms (e.g., blood flow, neural 
activity, etc.) may contribute to these changes in reaction 
time and attention (Tsujii et al., 2013). Subsequent inves-
tigations may directly measure VO2max and use indirect 
calorimetry to directly set varied exercise intensities. This 
is important because it is unknown whether the positive 
cognitive benefits after acute aerobic exercise in highly fit 
older adults are the same regardless of exercise intensity 
(Kamijo, 2009; Zervas et al., 1991). In addition, further 
research could be done to examine various recovery times 
(i.e., 15, 30, 60, or 120 minutes) and cognition after each 
of these intensities in older adults. In order to increase 

sample sizes, individuals on some medications may need 
to be included in future research designs.  

This study was completed with older adult females 
because females may be at the greatest risk of developing 
cognitive decline because of the decrease in estrogen 
levels at menopause (Spirduso et al., 2008). It is believed 
that estrogen may have a protective effect on cognitive 
function in women. However, taking supplemental estro-
gen is not recommended because of the increased health 
risks (Asthana, 2004). All of the participants in this study 
were post-menopausal, but were moderately to highly 
active. Further research needs to be completed on older 
adult females to determine what other beneficial effects 
that aerobic exercise might have on cognition after exer-
cise. 

 
Conclusion 
 
Following acute aerobic exercise of moderate and high-
intensities, older adult females, 60-75 years of age, signif-
icantly reduced their reaction time and improved their 
attention.  Reaction time and attention are aspects of ex-
ecutive function.  Executive function is typically part of 
age-related cognitive decline, and if older adults are able 
to increase executive function after aerobic exercise, this 
could improve older adults completion of tasks requiring 
immediate attention and reaction.  Also, in order to gain 
the most in terms of cognition it may be important for 
older adult females to increase their fitness levels by par-
ticipating in aerobic exercise more often and for longer 
periods of time.  Additional studies need to be completed 
on older adults to delineate the mechanisms of how acute 
exercise influences cognitive abilities. 
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Key points 
 
• Few studies have investigated the effects of the 

intensity of exercise on executive function in older 
women 

• Executive function improved after 20-min of aero-
bic exercise regardless of exercise intensity in older 
women 

• Findings from the study were not confounded by 
prescribed medications; all participants who were 
older women were not taking any medications 
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