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ABSTRACT
Objective: Physical activity is known to play a significant role in prevention of serious health concerns
like obesity, diabetes, cancer, and cardiovascular disease. In addition to the physical health benefits,
physical activity enhances mental health, including executive function. Recent research has shown the
benefits of physical activity on executive functioning in children and older adults, but it remains unclear if
physical activity is linked to executive functioning in college students (ages 18 to 25 years). Also, very
little is known about how sedentary behavior affects executive function. Methods: A 14-day daily diary
study was designed to determine the association between perceived executive function and physical
activity and inactivity at the between- and within-person level, using self-reported activity. Results: Daily
physical activity and sedentary behavior are associated with daily perceived executive function at the
within-person level. Contrary to previous research, this study did not show support for a between-person
association between activity levels and executive function. Conclusions: Although knowledge of these
benefits (i.e., outcome expectations) will not be sufficient to influence behavior directly, increasing
awareness of these benefits may be another route for facilitating intention formation and motivating
physical activity. Additionally, these findings reinforce the benefits of increasing daily physical activity
and limiting sedentary time for college students who require strong executive functions to succeed
academically.
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Daily Activity and Inactivity Are Associated with Daily Executive Function
Physical activity plays a significant role in the prevention of several chronic diseases like
cardiovascular disease, diabetes, cancer and obesity (Warburton, Nicol, & Bredin, 2006; Physical
Activity Guidelines Advisory Committee, 2008). In addition to the physical health benefits,
physical activity also enhances mental health, including executive functioning (Aha & Fedewa,
2011; Colcombe & Kramer, 2003). The benefits of physical activity on executive functioning
have been shown in children (Ahn & Fedewa, 2011) and older adults (Colcombe & Kramer,
2003), but it remains unclear if physical activity is linked to executive functioning, in between
those extremes of the lifespan. Additionally, little is known about how sedentary behavior affects
executive function. Given that sedentary behavior has distinct physical health consequences from
insufficient levels of physical activity (Owen, Healy, Matthews, & Dunstan, 2010) it may have
distinct consequences for executive functioning as well. To fill these gaps in the literature the
present study tested the association between daily activity and sedentary behavior and executive
functioning in a sample of college students.
Executive Functioning
Executive functioning is an overarching construct reflecting the cognitive abilities of
inhibition, working memory, and cognitive flexibility (Eslinger, 1996; Lezak, Howieson, Loring,
Julia, & Fischer, 2004). Inhibition is the ability to stay focused and make decisions; it is a form of
self-control over external stimuli, emotions or predisposed behavioral tendencies. Working
memory is the ability to retain information and store it for later use. The ability to hold
information makes it possible for us to remember our plans and others instructions (e.g., class
lectures, social conversations). It creates the ability to make abstract connections between
unrelated information to produce a higher processed thought. Cognitive flexibility is the ability to
switch focus and to think about multiple concepts simultaneously (Diamond, 2006). These
abilities are important for the cognitive and social tasks that people confront across the lifespan.

2
For example, in college students, executive function is particularly relevant for academic strivings
and self-regulation in the face of increasing autonomy and independence. Executive function has
correlated significantly (and positively) with academic achievement across childhood and
adolescence (Best, Miller, & Naglieri, 2011).
Physical Activity and Inactivity
Physical activity is defined as any bodily movement produced by skeletal muscles that
require energy expenditure (Caspersen, Powell, & Christenson, 1985). Light physical activity,
which is often grouped with sedentary behavior, is in fact a distinct construct; it involves energy
expenditure between 1.6 and 2.9 METs. Activity in that range includes slow walking, cooking
food, and washing dishes, all of which are forms of physical activity (Pate, O’Neill, & Lobelo,
2008). In contrast, sedentary behavior refers to activities that do not increase energy expenditure
substantially above the resting level, including activities like sleeping, sitting, lying down and
watching television. Overall, sedentary behavior is any activity that involves energy expenditure
at the level of 1.0-1.5 metabolic equivalent units (METs) (Pate, O’Neill, & Lobelo, 2008).
Connections between (In)activity and Executive Function
Individual differences in fitness have been repeatedly linked with direct and indirect
indicators of executive function. Duration, intensity, and type of exercise have all shown
associations with executive function (Castelli et al., 2007; McNaughten & Gabbard, 1993;
Ruscheweyh et al., 2011). Multiple studies have found an association between physical activity
and academic achievement in elementary school students. Higher fit children performed better on
tests than their less active classmates (Carlson et al., 2008; Coe, Pivarnik, Womack, Reeves, &
Malina, 2006; Castelli, Hillman, Buck, & Erwin, 2007; Wu et al., 2011). Physical activity also
buffers the decline of executive functioning that can occur in later adulthood (Kimura, Yasunaga,
& Wang, 2013; Langlois et al., 2012). In a longitudinal study, participants asked to
retrospectively record their physical activity when they were children. For those that recorded
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higher fitness when they were children, higher executive functioning was reported as an adult
(Dik, Deeg, Visser, & Jonker, 2003). Increases in cognition, mental functioning, mood and
memory storage are also all positively associated with increased physical activity (Hillman et al.,
2006; Lichtman & Poser, 1983; Pesce, Crova, Cereatti, Casella, & Bellucci, 2009). There is a gap
in literature in reference to college students’ physical activity and executive functioning and this
study seeks to fill that gap in this study. The available literature suggests the hypothesis that
college students who engage in more physical activity overall will report greater perceived
executive function.
Sedentary behavior can displace physical activity and confound interpretations of
associations between physical activity and executive function because those associations may
reflect either insufficient activity or excessive inactivity. Examining these behaviors
simultaneously will increase the validity of conclusions about each of their associations with
executive function. One study has mixed results when discussing executive function and
sedentary behaviors. There was a positive association between directed sedentary behavior
(computer usage) and executive function. However, there was a negative association between
executive function and sedentary behavior if the sedentary behavior was television watching
(Kesse-Guyot et al., 2012). These results were surprising, as sedentary behavior in general was
expected to stunt executive function. Due to these mixed results, sedentary behavior and
executive function require further investigation. Based on the limited available literature, we
hypothesized that sedentary behavior would be associated with lower perceived executive
function.
Most of the past research studying the relationship between executive functioning and
physical activity or sedentary behavior has focused on differences in executive function between
more and less active people (i.e., between-person associations; Aha & Fedewa, 2011; Colcombe
& Kramer, 2003). Such between-person associations are important because they inform our
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understanding of the effects of chronic behavioral differences (Mroczek, Avron Spiro, & Almeida
2003). Associations between daily fluctuations in behavior and executive function are equally
important for revealing the effects of acute behavioral differences. College students’ schedules
are characterized by a variable schedule of academic, extracurricular, and interpersonal demands.
Consequently, physical activity and inactivity varies at the daily level. Previous research focused
on between-person associations has not been sensitive to that daily variation in behavior so we
will examine both between- and within-person associations between physical activity, sedentary
behavior, and executive function in this study. In the absence of literature on within-person
associations between behavior and executive function, our hypotheses were identical at the
between- and within-person levels of analysis.
Methods
Participants
Participants were college students enrolled in undergraduate courses that participated in a
daily diary study as part of a class project. All but one participant indicated that they were capable
of performing normal physical activity. Another participant did not give permission to use his
data for research purposes. Those two participants were excluded from analyses, resulting in a
sample of 75 women and 53 men. The sample consisted of predominately White (87%), nonHispanic (96%) women (58%) in their third (16%) or fourth (78%) year or schooling.
Procedures
Participants provided informed consent and permission to use their data for research
purposes, and then completed a questionnaire to provide demographic information. Research
assistants instructed participants on how to access a secure website at the end of every day (7pm4am) over the course of the 14-day study. They were instructed to complete a brief questionnaire
about their daily physical activity, sedentary behaviors, and perceived executive function as close
to bedtime as possible. The local institutional review board approved all study protocols.
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Measures
Executive functioning. Executive functioning was assessed using an abbreviated fouritem subscale from the Patient Reported Outcomes Measurement Information System (PROMIS)
adapted for daily subjective use. PROMIS is an initiative of the National Institutes of Health
(NIH), and is designed to validate self-reported participant outcomes by using a computerized
adaptive test for quantitative analysis (Cella et al., 2007). Participants reported how much they
agreed with statements such as “Today I have been able to keep track of what I am doing, even if
I was interrupted” on a slider scale ranging from 1 (not at all) to 100 (very much). Along with this
question, content from the other three items focused on cognitive flexibility, working memory
and inhibition, which are all components of executive functioning evaluated by the PROMIS
measure.
Physical activity. The International Physical Activity Questionnaire (IPAQ; Booth,
2000) was used to self-report daily physical activity. Items were adapted to focus on physical
activity that day instead of over the previous week; Craig et al. (2003) validated IPAQ as an
appropriate measure for adult physical activity. An example from the questionnaire would be
“Think about all the vigorous activities which take hard physical effort that you did today.
Vigorous activities make you breathe much harder than normal and may include heavy lifting,
digging, aerobics, or fast bicycling. Think only about those physical activities that you did for at
least 10 minutes at a time. How much time did you spend doing vigorous physical activity today?
“ (IPAQ; Booth, 2000). The other questions focused on the moderate physical activity efforts,
walking efforts, and time spent sitting. Physical activity was measured by using a standard data
processing procedure of the IPAQ to convert duration of activities into metabolic equivalents.
Activity times were weighted by standard MET estimates (vigorous PA=8, moderate PA=4,
walking=3.3) and summed to create a daily physical activity MET*minutes/day score (Sjöström
et al., 2002, 2005).
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Sedentary behavior. Sedentary behavior was measured using the sitting item from the
IPAQ (Booth, 2000). The IPAQ-based weekly measure of sedentary behavior was found a
reliable measure by Rosenberg et al. (2008). That item from Booth (2000) was adapted for daily
administration in this study by modifying it to read. “Think about the time you spent sitting
today. Include time spent at work, while doing course work, and during leisure time. This may
include time spent sitting at a desk, visiting friends, reading or sitting or lying down to watch
television. How much time did you spend sitting today?”. Participants recorded the amount of
sitting based on total amount of time for that day in hours and minutes; responses were
transformed into the total number of minutes.
Data Analyses
Study hypotheses were tested with a hierarchical linear regression model implemented in
SAS 9.2 PROC MIXED (Littell, Milliken, Stroup, & Wolfinger, 1996) to account for the nested
data structure (days nested within people). Maximum likelihood was used to handle the small
amount of missing data. Data was missing for 67 (4%) of the total possible 1,664 person days;
94% of participants provided data for at least 10 days. To estimate both the overall (betweenperson) and daily (within-person) effects, physical activity and sedentary behaviors variability
was separated into between- and within-person components (Snijders & Bosker, 1999). Scores for
overall physical activity and sedentary behavior were calculated as the within-person mean score
across the 14 days between lab visits. Scores for daily physical activity and sedentary behavior
were calculated as the daily deviations from the within-person means. For example, a positive
daily physical activity score means that the person was more physically active on that day than
their average physical activity levels across the study, and a negative daily physical activity score
means that the person was less physically active than usual on that day. In the model, daily
ratings of perceived executive functioning were regressed on overall and daily physical activity
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and sedentary behaviors, and interaction terms between physical activity and sedentary behaviors
at the overall and daily levels. The model is presented in equations 1-5.

Level-1 Model:
Executive Functioningdi = β0i + β1i(Daily Physical Activitydi) + β2i(Daily
Sedentary Behaviordi) + β3i(Daily Physical Activityi × Daily Sedentary

(1)

Behaviori) + edi

Level-2 Model:
β0i = γ00 + γ01(Overall Physical Activity) + γ02(Overall Sedentary Behavior) +
(2)
γ03(Overall Physical Activity × Sedentary Behavior) + u0i
β1i = γ10 + u1i

(3)

β2i = γ20 + u2i

(4)

β3i = γ30 + u3i

(5)

Equation 1 represents the within-person model of daily perceived executive function and
it is constrained by the between-person models expressed in equations 2-5. Equation 2 tests if
people’s typical level of perceived executive functioning is related to their usual levels of
physical activity or sedentary behavior (γ01, γ02) or the interaction between the usual level of those
behaviors. Equation 3 tests if daily deviations in perceived executive functioning are associated
with daily deviations in physical activity. Equation 4 tests if daily deviations in perceived
executive functioning are associated with daily deviations in sedentary behavior. Equation 5 tests
if within-person associations between daily executive functioning and daily deviations in physical
activity vary as a function of daily deviations in sedentary behavior. The residual within- and
between-person variance terms are represented with the e and u terms.
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Results
Table 1 presents descriptive statistics, intraclass correlations, and bivariate correlations
between perceived executive functioning, physical activity and sedentary behavior scores.
Correlations were estimated using overall scores which disregard daily fluctuations in scores
within people (above the diagonal) as well as daily scores which disregard the nesting of scores
across occasions (below the diagonal). Because of the limitations of each correlation coefficient,
these estimates are interpreted descriptively rather than inferentially. Physical activity and
sedentary behaviors exhibited weak correlations in the expected direction with executive
functioning at the within-person but not at the between-person level of analysis. Intraclass
correlations suggested that variance in perceived executive functioning, physical activity and
sedentary behaviors was distributed both between- and within-people in similar proportions; this
finding reinforced the need to test for both between- and within-person associations between
these variables.
Table 2 shows the results of the hierarchical linear model testing the study hypotheses.
On days when participants were more active than usual (γ10), they reported greater perceived
executive function. Additionally, on days when participants were more sedentary than their
average (γ20), they reported worse executive function. Random effects show significant residual
variability in daily perceived executive function as well as in the associations that physical
activity and sedentary behavior exhibited with perceived executive function.
Discussion
This study investigated the association between daily physical (in)activity and perceived
executive function. Consistent with study hypotheses, people reported greater executive function
on days when they were more active and less inactive than usual. Contrary to study hypotheses,
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neither activity nor inactivity was associated with differences between people who reported
greater and worse executive function.
Between-Person Associations between (In)Activity and Executive Function
Previous research has shown that people who engage in more physical activity exhibit
greater executive function (Aha & Fedewa, 2011; Colcombe & Kramer, 2003), but this effect was
not replicated in this study. A past study found a positive association between physical activity
(self-reported) and faster reaction time and response accuracy on a flanker task as a means of
evaluating executive function (Hillman et al., 2006). The decreased reaction time and increased
response accuracy on a flanker task indicates an increase in attention. The present study did not
observe a similar between-person association. Both studies used self-reports to evaluate physical
activity, but differed in the measures used to assess executive function. The objective measures
may have found a between-person association because of task specificity. While the present study
certainly evaluated the same form of executive functioning (attention) it did so using a selfreported PROMIS measure, which also assessed participants’ perceived functional abilities
including cognitive flexibility and memory. The objective test used in previous research was a
narrower measure of a specific executive function so it will be important to evaluate whether the
between-person differences are specific to particular executive functions.
Another study found that an acute bout of moderate to intense exercise might facilitate
memory storage in students aged 11-12 years old (Pesce, Crova, Cereatti, Casella, & Bellucci,
2009). The study administered a 20-item word list that was given to the students on three separate
occasions. Memory was assessed via free-recall of a 20-item word list that participants reviewed
for 1 minute and 40 seconds. Memory was tested in three conditions: 12 minutes of inactivity, 20
minutes of team sport physical activity, and 20 minutes of aerobic physical activity. Participants’
recalled more words following the two physical activity conditions than in the baseline test. The
unexpected result from the present study may also reflect the use of repeated assessments of
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executive function over a 2-week period whereas previous research has typically focused on
cross-sectional differences in executive function during a single day. Executive function may
only provide evidence of a between-person association when dealing with acute bouts of physical
activity. Assessing and modeling daily variation in perceived executive function in the present
study clarified that a robust within-person association existed between (in)activity and perceived
executive function.
Within-Person Association between (In)Activity and Executive Function
To the best of our knowledge, the present results are the first evidence of a within-person
association between (in)activity and perceived executive function. One study found that following
a 20-minute bout of physical activity, children exhibited greater response accuracy and stimulus
related processing on an adapted flanker task (Pontifex, Saliba, Raine, Picchietti, & Hillman,
2013). In addition to an increase in response accuracy, greater performance in reading and
arithmetic were observed following physical activity, showing improved comprehension
(working memory) and concentration (inhibition). It concluded that single bouts of moderately
intense aerobic exercise might have positive implications for executive function in children. The
present study extends those findings by demonstrating that daily fluctuations in physical activity
volume are associated with perceived executive function and that those acute benefits of physical
activity exist over the course of a 14-day period, instead of just at different times of day. These
findings also provide the first evidence that sedentary behavior is linked with daily perceived
executive function. It would be beneficial to extend this within-person finding by using objective
measures of (in)activity and executive function, and by manipulating physical activity and
inactivity to test whether the association with executive function is causal in nature. Another
interesting extension of this finding would involve applying this study to similar sample
populations like working and older adults who engage in limited activity or excessive inactivity
on selected days due to the constraints of their roles (e.g. employment). In addition to the adult
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population, the findings could be examined in the elementary school student population, to see if
there are greater gains in acute executive function in the youth or adult populations.

Possible Mechanisms for the Within-Person Association
Overall, there is very limited research that exists about biological mechanisms that can
explain why physical activity is influential for executive function. Perhaps the most studied
relation would be with measurement of P3 amplitudes and latency periods. Higher-fit individuals
compared to lower-fit individuals exhibited increases in P3 amplitude and shorter P3 latency
periods, which indicates more flexibility of cognitive control and processing to meet task
demands (O’Leary, Pontifex, Scudder, Brown, & Hillman, 2011; Pontifex et al., 2011). There
was also a positive association with increases in local gray matter volume in prefrontal and
cingulated cortex, and BDNF levels with an increase in total physical activity (Ruscheweyh et al.,
2011). These biological results may provide some reasoning for increased daily-perceived
executive function in association with increased daily physical activity and inactivity.
Based on the observed variation in executive function and coefficients from this model, a
large change in executive function can be realized by modifying one’s usual physical activity to
include either (a) an additional 20 minutes of vigorous activity, (b) an additional 40 minutes of
moderate physical activity, or perhaps most realistically, (c) an additional 50 minutes of walking.
A medium-sized change in executive function and physical activity would require adding either
(a) 10 minutes of vigorous activity, (b) 20 minutes of moderate physical activity, or (c) 25
minutes of more walking. In contrast, changes in sedentary behavior must be considerably larger
to have similar impacts on executive function (5 hrs 20 min less than usual for a large effect, 2 hrs
40 min less than usual for a medium effect). Increasing physical activity seems to be the simpler
solution to improve executive function.
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Limitations and Future Directions
The present study was conducted with a sample that was largely White, young adults
enrolled in college. Studies with more diversity in terms of race, ethnicity and educational
attainment are necessary before these conclusions can be generalized to a broader population.
Additionally, the research design was non-experimental and did not manipulate physical activity
or inactivity so it is not possible to draw causal conclusions from these data. We measured
executive function, physical activity and inactivity using self-reported subjective data. In the
future, objective measures may prove beneficial for ruling out concerns that participants may
have limited awareness of their behavior or executive function (or both). Future research on
associations between perceived and actual executive function is necessary to improve our
understanding of executive functioning and activity levels.
In summary, this study revealed that physical activity has a positive within-person
association with executive functioning and inactivity has a negative within-person association
with executive functioning. Although knowledge of these benefits (i.e., outcome expectations)
will not be sufficient to influence behavior directly, increasing awareness of these benefits may
be another route for facilitating intention formation. Additionally, these findings reinforce the
benefits of increasing daily physical activity and limiting sedentary time for college students who
require strong executive functions to succeed academically.
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APPENDIX
Table 1

Descriptive Statistics and Correlations of Executive Functioning, Physical Activity and
Sedentary Behavior

M

SD

ICC

1

2

3

1. Executive function

71.07

20.74

.51

--

.05

-.06

2. Physical activity (MET•min/day)

648.13

504.70

.47

.05

--

-.29

3. Sedentary time (min/day)

365.21

154.64

.48

-.06

-.29

--

Note. Between-person correlations are on the top half of the matrix. Between-person
correlations were calculated between the within-person mean of daily intentions and daily
physical activity
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Table 2
Coefficients of Hierarchical Linear Model Testing the Moderating Influence of Physical Activity
and Sedentary Behavior have on Executive Functioning

Variables

Fixed Effects

Random Effects

Estimate

SE

Estimate

SE

Intercept, γ00

0.02*

0.07

0.52*

0.07

Overall Physical Activity, γ01

0.06

0.08

--

--

0.004

0.07

--

--

0.08

0.06

--

--

0.10*

0.02

0.02*

0.007

-0.05*

0.02

0.02*

0.007

Sedentary Behavior, γ30

0.03

0.02

--

--

Residual Variance

0.44*

0.02

--

--

Overall Sedentary Behavior,
γ02
Overall Physical Activity ×
Sedentary Behavior, γ03
Daily Physical Activity, γ10

Daily Sedentary Behavior, γ20
Daily Physical Activity ×

Note. Unstandardized estimates based on 100 posterior simulations, * p < .05
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