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Abstract

Background Variation in affective response to exercise
partially explains high levels of inactivity. Examining
ways to improve affective responses to physical activity
is, therefore, an important direction for research aiming
to promote exercise behavior.

Purpose This study compares three strategies: mindful-
ness, distraction, and an associative focus comparison
group as potential strategies to improve affective re-
sponse to exercise and promote exercise behavior.

Methods Seventy-eight insufficiently active individuals
(M age 26.82, 74% female) were randomly assigned to
one of the following three conditions: (a) mindfulness,
(b) distraction, or (c) associative attentional focus. The
study was divided into two phases, a laboratory session
in which participants learned their assigned strategy and
completed a 30 min supervised exercise bout and an
at-home intervention in which participants used their as-
signed strategy while exercising on their own for 2 weeks
and filled out daily surveys.

Results Seventy-five participants completed the study.
The central hypotheses were partially supported.
Participants in the mindfulness and distraction condi-
tions maintained more positive affective response to
exercise over time compared to participants in the asso-
ciative focus condition, whose affect became less posi-
tive over time (p = .04). Participants in the distraction
condition experienced lower perceived exertion during
exercise (p = .01). There were no condition differences
in self-reported minutes exercised during follow-up, but
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participants in the mindfulness condition reported exer-
cising for more days during the follow-up compared to
the associative focus condition (p = .01).

Conclusions These findings suggest individuals wishing
to increase their cardiovascular exercise could engage in
mindfulness or distraction in order to make exercise feel
less difficult and/or more affectively pleasant.
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The World Health Organization, the U.S. Department
of Health and Human Services, and the American
College of Sports Medicine (ACSM) recommend that
adults aged 18-64 do at minimum 150 min of moderate-
intensity aerobic physical activity per week or at least
75 min of vigorous-intensity exercise (or an equivalent
combination thereof [1-3]) to prevent a wide range of
negative health outcomes [4]. Yet, only half of American
adults meet these minimum recommendations [5]. Some
of the most common reasons adults cite for not exer-
cising are lack of self-motivation, low self-efficacy for
physical activity, lack of self-regulation skills for phys-
ical activity, and the fact that they find exercise boring or
unenjoyable [6].

Physical Activity and Affect

Simply put, people are more likely to exercise if it feels
good while they are doing it. Studies have shown that
affective valence measured during a moderate-intensity
treadmill walk was associated with minutes per week
of physical activity [7] and that increases in positive af-
fect over the course of an exercise bout were associated
with more frequent exercise participation at follow-up
[8]. A review of existing research in this area suggests
that individual differences in the degree to which one
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experiences more positive affect while exercising is con-
sistently related to greater levels of future exercise be-
havior [9].

Affective response to exercise is strongly determined
by exercise intensity such that it tends to be positive
during low-to-moderate intensity exercise but, as in-
tensity increases, there is interindividual variability in
affective response. Researchers have identified the ven-
tilatory threshold (VT; or the point where the activity
becomes more anaerobic than aerobic, i.e., breathing
becomes labored and lactic acid accumulates) as the
physiological marker of a “turning point” for affective
response during exercise. Specifically, affect tends to be
positive on average during exercise at intensities below
VT but, as intensity approaches VT, there is individual
variability in the degree to which affect during exercise is
positive versus negative; finally, affective response tends
to be nearly universally negative at intensities that ex-
ceed VT [10, 11]. These findings suggest that affective re-
sponses at exercise intensities near VT may be malleable
via intervention [12, 13].

Thus, because (a) there are individual differences
in the degree to which people experience exercise near
the ventilatory threshold as pleasant versus unpleasant
and (b) these affective responses to exercise are a strong
predictor of future exercise behavior, research that illu-
minates ways to help individuals manage, or even de-
crease, their in-the-moment negative affective responses
to moderate-to-vigorous-intensity exercise may help to
promote higher levels of exercise behavior. However,
studies that attempt to manipulate experienced affect
during exercise are, at the current time, scarce [9, 14].
One recent study found that manipulating positive ex-
pectancies about exercise-related affect led to more
positive experienced affect while exercising [15]. Several
studies have also found that listening to music and/or
watching music videos is associated with more positive
affect while exercising at vigorous intensities compared
to control conditions [16—18]. Others have found that
exercising outdoors, rather than indoors, was associated
with more positive affect during exercise [19, 20]. Further
research examining additional ways to change in-task af-
fect during exercise, especially exercise at more vigorous
intensities, is needed; in a meta-analysis on the relation-
ship between affective response to exercise and future be-
havior, Rhodes and Kates note that “interventions with
sustained attempts to improve in-task exercise affect...
should be an aim of future research” [9].

To address this gap in the literature, this study exam-
ines two cognitive strategies to make experienced affect
during exercise more positive and, thereby, promote ex-
ercise behavior. The first strategy is the practice of mind-
fulness, a technique in which an individual continuously
monitors their present-moment experience, including
physical sensations, thoughts, and emotions/affect while

maintaining a sense of acceptance and nonjudgment of
that experience. The second strategy is distraction, in
which the individual consciously directs their attention
to something unrelated to the exercise experience in an
attempt to disengage from it.

Mindfulness and Exercise

In recent years, the concept of mindfulness has been pro-
moted as a strategy for individuals to reduce negative
affect across many contexts. Mindfulness is commonly
discussed as a state of enhanced attention, awareness,
and nonjudging acceptance of one’s current experience
in the present moment [21]. A large body of research
has shown that mindfulness is associated with greater
pleasant affect and less unpleasant affect [21]. The lit-
erature illuminating the mechanisms through which
mindfulness influences affect informs the prediction that
being mindful while engaging in physical activity could
improve affective response during exercise. Mindfulness
has been demonstrated to increase willingness to experi-
ence negative sensations and acceptance of discomfort
or distress [22], which may help individuals cope with un-
pleasant sensations that accompany increases in exercise
intensity.

Cross-sectional studies have provided initial sup-
port for the assertion that mindfulness practice is as-
sociated with higher levels of physical activity [23], and
meta-analytic work shows small-to-moderate effects of
mindfulness on increasing physical activity in obesity
interventions [24]. Interventions, such as Acceptance and
Commitment Therapy (ACT) [25, 26], that contain com-
ponents of mindfulness have also been found to increase
exercise behavior [27, 28]. In sum, this literature suggests
that engaging in mindfulness during exercise may help
individuals increase positive affect and decrease nega-
tive affect during exercise, which may encourage exercise
maintenance.

Attentional Focus and Exercise

Literature on attentional focus during exercise compli-
cates theories about the relationship between mindfulness
and enhanced experience of exercise. Attentional focus
during exercise was originally described by Morgan and
Pollock [29], who studied distance runners. They identi-
fied two attentional focus strategies: (a) association, in
which the runner focuses attention on bodily sensations,
usually related to performance, or (b) dissociation, in
which the runner actively and purposefully blocks out
sensations related to physical effort (i.e., distraction)
[30, 31]. Research in this area typically finds that, while
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elite athletes on average perform better through associa-
tive strategies, nonelite or recreational exercisers (i.e.,
the population for which exercise adherence is arguably
most important) benefit from dissociating during exer-
cise. Specifically, recent reviews found that being dis-
tracted during exercise was related to improved exercise
adherence, greater enjoyment and less boredom, reduced
effort perceptions, and more feelings of tranquility and
positive mood change [32] and resulted in lower ratings
of perceived exertion and, in some cases, improved af-
fect/mood [31].

Theoretical Proposal: Mindfulness Over Distraction

Based on the current synthesis of the literature, it was
hypothesized that recommending a mindful approach
to exercise behavior may prove to be the best overall
strategy to improve affective response to exercise.
Mindfulness embodies the beneficial components of
both associative and dissociative attentional focus that
have been supported in the literature as beneficial to
exercisers in some way. The monitoring of sensations in
the body involved in both mindfulness and attentional
focus has been shown to improve exercise performance.
At the same time, the mindfulness approach to viewing
ones’ bodily experience with acceptance, nonjudgment,
and psychological distance aligns partially with a dis-
sociative approach to exercise (in that it involves in-
ternal regulation of ones’ perception of their immediate
sensory experience), which has benefits for nonathletes
and leads to greater maintenance of exercise behavior
over time [32]. The literature on mindfulness strongly
links being mindful with increases in positive affect [21,
22, 33]. While it has not been extensively tested in an
exercise context, being mindful during exercise should
increase positive affect through the same mechanisms
that it does in other contexts. Improving affect during
exercise through mindfulness should, directly and indir-
ectly, lead to the maintenance of exercise behavior [7,
34, 35].

The Current Study

Both mindfulness and distraction (dissociative focus)
during exercise have potential merits as cognitive strat-
egies to improve affective response during exercise,
though, based on the above review and synthesis of the
literature, we purport that mindfulness may be the better
strategy of the two. No study has directly compared
these strategies with one another and examined their ef-
fects on psychological response to exercise either acutely
or over the longer term.

In a randomized experiment, the current study exam-
ined which cognitive strategy better helps individuals
manage unpleasant affect associated with exercise.
Specifically, we aimed to target our intervention condi-
tions toward a dismantling of the theoretical compo-
nents of mindfulness as being comprised of (a) attention
to the present moment (exercise-related feelings) and (b)
nonjudgment/acceptance of the exercise experience (see
Fig. 1). The mindfulness condition, clearly, targeted both
of these constructs. In contrast, the distraction condition
was an attempt to guide participants to, unlike mindful-
ness, (a) bring their attention away from exercise-related
feelings, but similar to mindfulness, (b) accept and not
judge that experience (because attention to the experi-
ence is dampened/removed through distraction). Finally,
we compared both of these conditions to an associative
focus control condition, which contained the mindful-
ness component of (a) attention to exercise-related feel-
ings, but in contrast to mindfulness and distraction, (b)
encouraged judgment of those feelings. Using this asso-
ciative focus condition as a comparison group allowed us
to provide a full dismantling of the essential components
of mindfulness. Further, we speculated that the thought
pattern it aims to invoke is reflective of the kinds of cog-
nitions (a focus on physical sensations and a perception
of being “slow”) that might result in findings that exer-
cise is associated with a less positive affective response
for nonregular exercisers (c.f., [34]).

Thus, this study involved random assignment to one
of the following three “cognitive strategy” conditions:
(a) mindfulness; (b) distraction (no different theoretically
from dissociative attentional focus but called distraction
hereforth); and (c) associative focus/“self-monitoring”.
Affective response and perceived exertion were meas-
ured during a supervised exercise bout, and exercise
behavior was measured during an at-home self-guided
intervention. It was hypothesized that participants in
both the mindfulness and distraction conditions would
report more positive affective valence, lower felt arousal,
and lower perceived exertion (RPE) than the associative
condition, while participants in the mindfulness condi-
tion would report more positive affective valence, lower
felt arousal, and lower RPE than those in distraction
condition during exercise just below VT. It was further

Attention to
exercise-related Associative
feelings Focus

Nonjudgment/
acceptance of
exercise experience

Mindfulness  Distraction

Fig. 1. Conceptual overlap and distinctions between the three
study conditions.
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hypothesized that participants in the mindfulness and  inclusion criteria, as assessed on the screening measure,
distraction conditions would exercise more than the as-  were that participants were 18-40 years of age, physically
sociative focus condition during the 2 week follow-up. capable of and willing to engage in moderate-vigorous-
intensity exercise, willing to fill out daily online survey
measures for 2 weeks after the intervention, willing to

Methods accept random assignment, and had a smartphone or

comparable device that could be used to play podcasts
Design (should they be assigned to the distraction condition).

Exclusion criteria were health contraindications for safe
This study had two phases. In the first phase, partici-  engagementin moderate-vigorous-intensity exercise (e.g.,
pants came into the lab, completed baseline measures  diabetic, pregnant, and family history of cardiovascular
and a fitness test, and were randomly assigned to condi- ~ disease) as assessed via the Physical Activity Readiness

tion. Acute psychological response to cardiorespiratory ~ Questionnaire (PAR-Q) on the online screening measure
exercise was examined before and after participants were ~ [36]. Of .the 78 participants enrolleq n the §tudy, 78 were
trained to utilize their assigned strategy. In the second ~ randomized to condition. One participant in the associa-

phase, participants completed a 2 week at-home exer-  tive focus condition dropped out of the study part way
cise intervention, involving exercising on their own using ~ through the exercise bout due to illness and an additional
their assigned strategy, and reported their exercise be- ~ two participants, one in the mindfulness and one in the
havior via online daily diary measures. distraction condition, did not complete any of the daily

survey measures during follow-up, leaving 75 partici-
Participants pants for analyses.

Seventy-eight participants were recruited from the greater Power analysis
Boulder, Colorado community through flyers, online = Power was estimated using G*Power, based on a within-
advertisements, and word-of-mouth. As can be seen in  between repeated-measures analysis comparing group
Table 1, participants were 26.8 years of age (SD = 6.62)  means on repeated measures of psychological constructs
and 74% were female, and the majority (79.5%) were (i.e., affect) during the 30 min exercise bout. Power was
white. Participants were recruited on the basis of insuf-  estimated using standard procedures following Cohen
ficient (less than 150 min/week) cardiovascular exercise [37]. Power was estimated to detect a small-to-moderate
for the past 3 months as reported on an online study  effect (f = .20) with alpha of .05 and power of .95 for
screening measure. Enrolled participants had engaged in ~ the difference between three groups using four repeated
an average of 73.70 min of moderate-intensity exercise =~ measurements during the exercise bout and estimating
(SD = 52.62) per week for the past 3 months. Additional  a correlation of .5 between repeated measures and

Table 1 Demographics and descriptive statistics

Overall Min  Max Mindfulness Distraction  Self-monitoring Test statistic ~ p
(N =178) (n=28) (n=23) n=27) for condition
M (SD) M (SD) M (SD) M (SD) differences
Gender (% female) 74% 81% 70% 60% YY) =121 547
Race/ethnicity (% white) 78% 79% 83% 78% x(8)=6.44 598
Age (years) 26.82 (6.62) 18 40 28.79 (7.56) 25.43(5.32) 25.92(6.29) F,,=2.03 .140
Body mass index (kg/m?) 2422 (4.56) 18.16 40.23 23.98(4.49) 2348 (4.14) 25.10(5.23) F,, =080 .452
Baseline mod-vig intensity exercise ~ 77.70 (52.62) 0 240°  74.63 (48.08) 83.04 (51.60) 64.81 (58.04) F,,,=0.75 471
minutes® '
Number of follow-up surveys com- 12.06 (3.85) 0 14 13.11(1.73) 12.13(3.79) 10.93(5.11) F, ;=229 109
pleted '
Number of withdrawn participants 2 1 1 1

Table 1 presents descriptive statistics for demographic variables, both overall and by condition.

“Moderate-vigorous-intensity exercise minutes were computed by adding reported moderate intensity minutes and 2X reported vigorous-
intensity minutes, c.f. [3].

®Seven individuals reported more minutes of moderate-vigorous-intensity exercise at the baseline session than they did in the screening
measure for the study, where eligibility criteria for the baseline visit included that potential participants were participating in <150 min of
moderate-vigorous-intensity exercise per week. These participants are still included in all analyses.
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nonsphericity correction € = 1.0. The sample size needed
to achieve power of .95 was 69 participants. Seventy-
eight participants were enrolled in the study to account
for possible attrition.

Procedures

Recruitment

Recruitment materials described the opportunity to par-
ticipate in a research study examining strategies people
can use to change their experience of cardiovascular ex-
ercise. The advertisements noted the main eligibility cri-
teria, a summary of the assessments involved in study
participation, and the opportunity to earn up to $29 for
participation.

Laboratory session

In order to reduce experimenter demand, all study proced-
ures for the laboratory appointment were fully scripted,
standardized, and administered by trained research assist-
ants blind to the study’s hypotheses. Prerandomization,
the same script was used for all participants (for the in-
formed consent, baseline survey, and Talk Test proced-
ures). Postrandomization, the research assistant used a
script for the assigned intervention condition. The con-
tent of these scripts is available from the first author. At
the beginning of the laboratory session, participants com-
pleted informed consent. Next, they completed the base-
line survey measures on a laboratory computer.

Talk Test

After completing the baseline measures, participants
were fitted with a heart rate monitor and then underwent
a Talk Test [38] in order to determine an exercise inten-
sity near the participant’s VI. The Talk Test has been
shown to reliably approximate VT across several studies
[38-40]. A masters-level exercise physiologist trained re-
search assistants to administer the Talk Test protocol.
After reaching the intensity determined by the Talk Test,
participants exercised for 5 min at that intensity and
completed baseline measures of subjective response to
exercise. At this point, the treadmill was stopped and
participants began the intervention.

Randomization and intervention outline

The research assistant consulted a random numbers list
to assign the participant to their study condition. All
participants were told that their condition was a “tech-
nique for improving our emotional response to everyday
life experiences that we are examining as a strategy to en-
hance the experience of exercise.” Participants were told
that, when people exercise at a moderate-to-vigorous

intensity, their internal experience might feel unpleasant
and that their assigned strategy would be used to address
that feeling.

Next, the skills to be used under each condition were
explained. Participants were given specific examples of
the types of negative thoughts or feelings that might
come up while exercising and told how they might apply
their assigned strategy when these thoughts arise. These
skills were practiced with a demonstrative exercise, de-
veloped for an ACT exercise intervention, and modified
for each condition in the current study [41]. Participants
were asked to hold their legs out in front of them and
not put them down until they were told that they could
(about 60 s). The research assistant then guided the
participant toward applying their assigned strategy to
the experience of holding their legs out as a parallel to
negative sensations one might experience during cardio-
vascular exercise. At the end of this brief intervention,
participants were told that they would apply the strategy
they just learned while exercising.

Mindfulness condition In the mindfulness condition, par-
ticipants were told to bring their attention to the present
moment while exercising, including noticing how their
body feels, focusing on their breathing, or being aware
of the thoughts that arise. Participants were told to do
their best to experience these sensations and feelings
without judging them through the process of observing
their thoughts with distance while exercising rather than
distracting away from them. They were taught that they
could label their thoughts, feelings, and sensations while
exercising (e.g., “Part of me is noticing the urge to slow
down”). During the “legs up” exercise, participants were
guided to notice without judgment their thoughts, sensa-
tions, and urges. It was emphasized that having similar
negative thoughts and sensations while exercising was
normal, but that it does not mean that one has to stop
exercising.

Distraction condition In the distraction condition, parti-
cipants were told that their strategy was to bring their at-
tention away from their experience while exercising and
that they would be doing so by listening to podcasts while
exercising. Podcasts were chosen as a method of distrac-
tion for this study because they are portable with a mo-
bile device and, therefore, could be used while exercising
both indoors or outdoors (compared, e.g., to watching
television), and are free to access. Participants were told
that if they begin to feel fatigued during exercise, they
should remind themselves to focus on the distraction in-
stead. During the “legs up” demonstration, the research
assistant played a song on a study iPod and told the par-
ticipant to pay attention to the song and focus their at-
tention away from the experience of holding out their
legs. Participants were then asked to choose from one of
three preselected podcast episodes on the study iPod to
listen to while exercising.
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Associative focus condition Participants were told that
the name of the strategy for the associative focus condi-
tion was “self-monitoring.” Similar to the mindfulness
condition, participants in this condition were told to
bring their attention to their experience while exercising.
However, in this condition, participants were encour-
aged to immerse themselves in their affective experience
rather than simply observe the experience. Participants
were told to “turn up [their] internal monologue of sen-
sations and desires” while exercising, including saying to
themselves “I want to stop” or “My legs are burning” if
fatigue sets in during exercise.

Exercise bout

Once participants finished learning their assigned inter-
vention, they began the 30 min exercise bout. Participants
warmed up on the treadmill until they reached the heart
rate that was determined during the Talk Test. The point
at which they reached this heart rate was designated as
minute 0 and the 30 min timing began. Participants’ heart
rates were observed by the research assistant during the
bout, and speed and incline were adjusted if needed to
ensure that their heart rates remained in the prescribed
range. After participants were finished cooling down
from the exercise session, they completed the manipula-
tion check items.

Explanation of 2 week intervention

The laboratory session ended with an explanation of
the 2 week self-administered exercise “assignment.”
Participants were all given the same instructions, except
those specific to their condition assignment. Participants
were told that they should try to exercise at least 150 min
per week for the next 2 weeks because it represents na-
tional guidelines for minimum cardiovascular exercise
engagement. Participants were told to try and exercise
at the same intensity as they did during their exercise
session in the lab. To keep their form of exercise con-
sistent with their supervised exercise session in the lab,
participants were told that they should walk, jog, run,
or hike as exercise. Participants in the mindfulness and
associative focus conditions were told to avoid distrac-
tions like music, podcasts, or television while exercising,
while participants in the distraction condition were told
to listen to a podcast every time they exercised for the
next 2 weeks.

2 week intervention period

During the 2 week intervention, at 6 AM each morning,
participants were sent a short email with a reminder and
tip about using their assigned strategy if they exercise that
day. This email also included a link to the daily survey
measure and instructions to fill it out at the end of the

day, whether they exercised or not. All study procedures
were approved by the relevant institutional review board.

Measures

Baseline survey measures

Study data were collected and managed using REDCap
electronic data capture tools hosted at the institution
where this research was conducted [42]. Participants
completed the following measures via REDCap at base-
line. Demographics: participants reported their gender,
age, height and weight, ethnicity, race, relationship
status, level of education, employment status, and in-
come. Frequency of exercise behavior: participants com-
pleted The Godin Leisure-Time Exercise Questionnaire
(GLTEQ) [43], a self-report assessment of the quantity,
frequency, and intensity of exercise participation for an
average week. Participants reported both the number
of exercise sessions per week and minutes per week of
mild-, moderate-, and vigorous-intensity exercise.

Acute exercise measures

Participants first responded to the measures described
below during the Talk Test. During the experimental
exercise bout, participants responded to these measures
at 10 min intervals: at O (i.e., when participants reached
the appropriate heart rate range after the warm-up and
30 min timing began), 10, 20, and 30 min. For the base-
line measure at the conclusion of the Talk Test, parti-
cipants rated how they felt in the past 5 min. For the
experimental bout, participants rated how they felt in
the past 10 min. Feeling Scale (FS): the FS [44] was used
to measure affective valence during exercise [11, 45].
Participants were asked to “Please choose the number
that best describes how you were feeling on average in
the past (five/ten) minutes.” This single item, 11-point
measure ranges from -5 to + 5 (+5 = very good,
3 = good, 1 = fairly good, 0 = neutral, —1 = fairly bad,
—3 = bad, —5 = very bad). Felt Arousal Scale (FAS):
the FAS was used to measure affective arousal during
exercise [11, 45]. Participants were asked to “Please in-
dicate how aroused (“worked up”) you felt on average
in the past (five/ten) minutes.” This single item measure
ranges from 1 to 6 (1 = low arousal, 6 = high arousal)
[46]. Rate of Perceived Exertion (RPE): lastly, partici-
pants were asked to “Please rate the average intensity
of the past five/ten minutes.” Ratings were reported on
a scale from 6 (no exertion) to 20 (maximal exertion)
from Borg [47].

Supervised exercise manipulation check

After the supervised exercise session, participants self-
reported their agreement with the statements, “I observed
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the exercise experience closely”; “I paid close attention
to the physical sensations caused by exercise”; “I tried to
stay focused on something other than my exercise experi-
ence”; and “I concentrated on other things rather than
the exercise experience” on a 7-point Likert scale from 1
(Never did that) to 7 (Always did that). These items were
adapted from Arch et al. [48].

Duaily exercise diary measures

For the 14 days following the baseline appointment, par-
ticipants were first asked if they exercised that day. If
participants did not exercise that day, then the survey
ended. If participants did exercise that day, they were
asked how many minutes they exercised, and what type
of exercise they did.

Results
Talk Test and Baseline Affect

The average heart rate range determined by the Talk
Test was 145.1 beats per minute (bpm; SD = 19.52).
Predicted maximum heart rate for the average age in
the sample is 193.2 bpm (using the formula 220-age to
estimate maximum heart rate), and moderate-intensity
exercise corresponds to 50%—70% of maximum heart
rate or 96.6-135.2 bpm, while vigorous-intensity ex-
ercise corresponds to 70%-80% of maximum heart
rate or 135.2 to 154.56 bpm [49]. Thus, the Talk Test-
determined heart rate corresponded to, on average, a
vigorous-intensity exercise intensity for most parti-
cipants. However, given the substantial variability in
heart rate across participants, heart rate is included as
a covariate in analyses as the goal of this study was to
examine variation in subjective response to physical ac-
tivity as the result of the manipulations, holding objective
intensity constant. There were no significant differences
in Talk Test heart rate by condition, F, ,, = 0.80, p = .45
and no significant condition differences were observed
in the subjective response measures (FS, FAS, and RPE)
measured during the Talk Test (FS: F,,, = 0.64, p = .38,
FAS: F,,, =024, p=.79, RPE: F, , = 0.83, p = .42).
Thus, random assignment was successful with regard to
these measures.

Manipulation Check

An average for the first two items of the manipulation
check was computed to create an average “observed”
score, where higher scores represent greater attention to
the feelings and sensations caused by exercise. The second
two items of the manipulation check were averaged to

create a “distracted” score, where higher scores represent
attention to something other than exercise. Differences
in these two averages by condition were examined in two
one-way analysis of variances. As expected, participants
in the mindfulness and associative focus conditions re-
ported that they observed the exercise experience signifi-
cantly more, #(74) = 7.67, p < .001, and were distracted
significantly less, #(74) = —9.65, p < .001, than those in
the distraction condition.

Acute Exercise Response During Laboratory Session

Analyses to examine the effect of the three conditions
on affect, arousal, and RPE during the laboratory ex-
ercise bout involved one within-subjects factor (time:
four repeated measures of affect, arousal, or RPE within
each session) and one between-subjects factor (condi-
tion). Condition was contrast coded to compare (a) the
mindfulness and distraction conditions to the associative
focus condition and (b) the mindfulness and distraction
groups to each other. As noted above, heart rate (mean
centered) during the exercise session was included as a
covariate. Means for FS, FAS, and RPE at each time
point are presented in Fig. 2.

Affective valence: FS

In the mixed-effects model predicting FS scores, the con-
trast comparing the mindfulness and distraction condi-
tions to the associative focus condition was significant,
1(73) =2.93, p = .004, such that affective valence was more
positive in the mindfulness and distraction conditions
compared to the associative focus condition. The mind-
fulness and distraction conditions were not significantly
different from each other, #(73) = —0.37, p = .71. There
was a significant condition by time interaction: the linear
slope of affect was more positive in the mindfulness and
distraction conditions compared to the associative focus
condition, #(74) = 2.06, p = .043. When examining simple
linear effects by condition, affect significantly decreased
over time in the associative focus condition, #(74) = —2.5,
p = .02, but not in the mindfulness nor distraction condi-
tions (see Fig. 2a). The effect of heart rate was significant
in this model such that, as heart rate increased, affect was
more negative, #(73) = 2.03, p = .046.

Affective arousal: FAS

Linear and quadratic effects of time were observed
such that arousal increased over the course of the bout,
t(74) = 5.79, p < .001; this linear increase was qualified
by a significant quadratic effect such that arousal was
higher in the middle of the bout, #(74) = 4.32, p < .001.
There were no significant effects of condition or the
covariate (see Fig. 2b).
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Rate of Perceived Exertion

The mixed-effects model for RPE also controls for heart
rate; thus, it models changes in perceived or subjective ex-
ercise intensity while controlling for objective intensity of
exercise. Significant linear and quadratic effects of time
were observed such that RPE increased significantly
over the course of the 30 min exercise bout, #(74) = 9.37,
p < .001, and this increase was larger from the begin-
ning to the middle of the bout, #(74) = 8.22, p < .001.
Significant condition differences in perceived exertion
were also observed. The contrast comparing the mind-
fulness and distraction groups to the associative focus
group was significant, #(73) = —2.8, p = .006, although
this difference seems to have been driven by the lower
average RPE in the distraction group relative to the other
two groups. The contrast comparing the mindfulness
to the distraction group was also significant such that
perceived exertion was higher in the mindfulness group
compared to the distraction group, #(73) = 2.6, p = .01.
No significant Condition X Time interactions were ob-
served in this model. As expected, heart rate significantly
predicted RPE such that higher heart rate was associated
with greater RPE, #(73) = 4.82, p < .001 (see Fig. 2c).

Response Over the 2 Week Intervention: Exercise
Frequency and Quantity

The second phase of the study assessed the longer-term
effect of the three conditions on exercise volume during
the 2 week at-home exercise intervention. Mixed-effects
models were used to address this aim, with exercise
volume and frequency as dependent variables, including
a within-subjects factor coding the linear day effect and
between-subjects contrasts (as above) coding condition.
All participants who completed at least some of the
daily measures (N = 75) were included in analyses. If a
participant did not complete the survey on a particular
day, it was conservatively assumed that the participant
had not exercised that day and their behavior was coded
as 0 (M nonresponse days per participant: mindfulness
group = 0.93, distraction group = 1.36, associative focus
group = 2.12, F, ,, = 1.10, p = .34). Participants reported
running 9% of the time, jogging 22% of the time, walking
45% of the time, hiking 7% of the time, and another
form of exercise 18% of the time. Exercise sessions that
were not running, jogging, walking, or hiking (per in-
structions to participants) were excluded from analyses;
when these sessions were included, the pattern of results
did not change.

The primary follow-up outcome of interest was the
number of minutes participants reported exercising
during the 2 week exercise intervention. In the linear
mixed effects model with minutes of exercise as a de-
pendent variable, the number of self-reported minutes

did not increase significantly over time. There were no
significant condition differences in the average minutes
reported (mindfulness vs. associative focus comparison,
1[72.82] = 1.63, p = .11), although at a mean level, the
mindfulness condition (M = 155.33, SD = 115.95)
reported exercising more minutes than the distrac-
tion (M = 117.85, SD = 81.29) and associative focus
(M =110.84, SD = 92.60) conditions (Cohen’s d: mind-
fulness vs. distraction = 0.37, mindfulness vs. associa-
tive focus = 0.43, distraction vs. associative focus = 0.08;
when “other” forms of exercise were included, the
means for condition minutes were: mindfulness con-
dition M = 172.28, SD = 104.86; distraction condition
M = 163.5, SD = 150.21; associative focus condition
M = 139.32, SD = 97.80). There were no significant
Condition X Time interactions. On average, across con-
dition and time, the model estimated intercept for min-
utes exercised per day was 18.43 min, corresponding to
129 min per week.

While the instructions given to participants were to
exercise for at least 150 min per week and did not spe-
cify frequency of exercise to reach that number, given the
mean level differences we observed in this variable, we
were also interested in exploring whether the total number
of exercise sessions differed across participants. Thus, an
exploratory outcome of interest was the frequency of ex-
ercise behavior over the 2 week at-home exercise inter-
vention. This dependent variable was coded as 0 if the
participant did not exercise and 1 if the participant did
exercise on a particular day. This outcome variable was
examined as a function of condition and linear day using
a mixed effects logistic regression model. Participants in
the mindfulness (M = 6.78 days, SD = 3.41) and dis-
traction (M = 5.5 days, SD = 3.92) conditions reported
exercising significantly more often than those in the as-
sociative focus condition (M = 4.2 days, SD = 3.42),
z=2.32, p =.02. There was no difference in exercise fre-
quency between the mindfulness and distraction condi-
tions, z = 1.25, p = .21. Pairwise differences demonstrated
that participants in the mindfulness condition were more
likely to exercise on a given day than participants in the
associative focus condition, z = 2.72, p = .01, but that the
distraction condition was not different from the associa-
tive focus condition, z = 1.35, p = .17. Condition X Time
interactions were not significant.

Discussion

This study examined strategies to improve subjective re-
sponses to moderate-to-vigorous-intensity exercise and
to help individuals increase and maintain their cardiovas-
cular exercise behavior over the long term. Mindfulness
and distraction were compared to an associative “self-
monitoring” condition. It was hypothesized that both
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mindfulness and distraction would improve subjective
response to exercise (both during the acute exercise bout
and over the long term) relative to associative focus but
that the mindfulness group would have better subjective
response to exercise, as well as more exercise behavior
during the 2 week intervention, compared to the distrac-
tion group. Consistent with hypotheses, participants in
the mindfulness and distraction groups maintained a
higher level of positive affect during the laboratory ex-
ercise bout relative to the associative focus group, which
significantly decreased in affect over the course of the
bout. However, contrary to hypothesis, the mindful-
ness group did not have significantly more positive af-
fect compared to the distraction group, nor did the three
groups differ in arousal during the bout. In partial sup-
port of hypotheses, the distraction group reported lower
perceived exertion compared to both the mindfulness
and associative focus groups.

While these outcomes were in some ways contrary
to the hypothesis that mindfulness would lead to the
most positive subjective response to exercise, it is not
surprising that distraction was an effective technique
to improve subjective response as this has been previ-
ously demonstrated in the literature [32]. Additionally,
it is noteworthy that mindfulness led to greater stability
of positive affect during exercise compared to associa-
tive focus, yet these conditions did not differ in their
perceived exertion. This suggests that the key aspects of
mindfulness involving acceptance and nonjudgment of
the present moment experience might help individuals
reappraise or tolerate the discomfort associated with ex-
ercise and, thus, experience it as less emotionally or af-
fectively negative even if it feels difficult.

The second set of hypotheses concerned the
longer-term effects of the three strategies. For the pri-
mary outcome, the number of minutes participants re-
ported exercising, there were no observed significant
differences across conditions, contrary to hypotheses. In
partial support of hypotheses, the exploratory outcome,
frequency of exercise, showed that participants in the
mindfulness and distraction conditions reported exer-
cising more times during the 2 week follow-up than par-
ticipants in the associative focus condition. Examining
these differences pairwise, participants in the mindful-
ness condition reported they exercised significantly more
frequently than those in the associative focus condition,
while the reported frequency of exercise was not signifi-
cantly different between the distraction and associative
focus conditions.

Participants in the mindfulness and distraction con-
ditions reported that they exercised most frequently,
and participants in the mindfulness condition reported
exercising the most number of days overall. This was
consistent with expectations as it was theorized that
mindfulness might be a useful strategy to use during

exercise over the long term. However, there were no sig-
nificant condition differences in self-reported minutes of
exercise during the follow-up, though we note that parti-
cipants in the mindfulness condition exercised for more
minutes on average than those in the other two condi-
tions. This could be explained by the fact that partici-
pants were given a specific goal to meet for their exercise
behavior (150 min per week, minimum) and that partici-
pants, regardless of condition, may have striven to meet
that goal but not to exceed it.

In sum, when comparing mindfulness to distraction
and associative focus as strategies to improve subjective
response to exercise, the evidence suggested that both
mindfulness and distraction may be effective strategies
to improve subjective response to exercise behavior. Both
mindfulness and distraction had similar effects on af-
fective valence during exercise. Distraction also appeared
to reduce effort perceptions over time. Perhaps this add-
itional “benefit” of distraction reducing perceived effort
may lead to the conclusion that distraction is the best
strategy overall. Yet increased perceptions of effort in
the mindfulness condition did not seem to translate to
a more negative affective response (compared to distrac-
tion). Thus, mindfulness may be similarly beneficial to
affect, even if effort perception is higher. Given the in-
creased popularity and general public interest in mind-
fulness in recent years, as well as technological advances
that allow for a variety of accessible distractions indi-
viduals can use during exercise (e.g., television streaming
services, virtual reality, and exercise games in mobile ap-
plications [50]), these results suggest that it may be ef-
fective to recommend both mindfulness and distraction
as ways to manage negative affect during moderate-to-
vigorous exercise.

Strengths and Future Directions

This study has several strengths. First, this is the first
study that the authors know of that compares multiple
cognitive strategies to improve affective response during
exercise, selected for theoretically driven reasons, to one
another directly. This was done in the context of strong
study design, utilizing random assignment to condition
and comparing the two conditions of interest (mindful-
ness and distraction) to an associative focus group. The
research assistants who interacted with participants were
blind to the study hypotheses, reducing experimenter de-
mand characteristics. Interventions were designed to be
both relevant to the study population and scalable—for
example, in the distraction condition, participants lis-
tened to podcasts, which are easily accessible and free to
anyone with a smartphone or a similar portable device.
Finally, the study population was made up of individuals
for whom the research questions are most relevant—since
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the ultimate goal of this research program is to find
strategies to promote increased exercise behavior, testing
hypotheses among individuals who were currently insuf-
ficiently active was critical.

In terms of future directions, it is clearly important to
examine whether these strategies work over periods of
time longer than 2 weeks. This is relevant to one of the
potential theoretical moderators of the effectiveness of
these strategies—exercise experience. For example, one
hypothesis might be that distraction is a useful strategy
to use when initiating an exercise routine but, in terms
of longer-term maintenance (>2 weeks), mindfulness
may help individuals continue exercise over the long
term. The novelty of distraction during exercise might
wear off after a few weeks, and strategies such as mind-
fulness might become more important and effective later
in the process of exercise maintenance. On the other
hand, it is equally possible that distraction techniques
have greater mass appeal than mindfulness as they are
simpler to engage in and are easier to understand and
communicate conceptually. Future studies should also
examine additional moderators of these effects. For ex-
ample, at especially high intensities of exercise, research
shows that maintaining thoughts unrelated to exercise
(e.g., focus on a distraction) might not be possible [51].
Perhaps mindfulness would be more effective under
those circumstances.

Limitations

One major limitation is the demographic makeup of
the sample. A more diverse sample with regard to race,
age, and economic background would be necessary for
improving the generalizability of these results. Due to
limited resources, we were unable to use a VO, max test to
estimate VT and so used the Talk Test procedure instead.
Based on heart rate ranges determined by this procedure,
the Talk Test estimated a moderate-to-vigorous-intensity
of exercise on average. However, the relative subjectivity
of this method to determine exercise intensity meant
that the intensities participants exercised at ranged from
the lower end of moderate intensity to the higher end of
vigorous intensity. While heart rate was statistically con-
trolled in analyses, tighter control of exercise intensity
may have allowed us to better observe the subjective ef-
fects of the manipulations. The self-report nature of the
2 week exercise intervention is another limitation of this
study. Again, given resource restrictions, obtaining an
objective measure (i.e., step count or heart rate monitor
data) was not feasible.

Another potential limitation of this paper is the fact
that the associative focus comparison condition may
have decreased affective response more than would be
expected under a no-intervention control, leading to a

larger difference between the mindfulness/distraction
conditions and this condition. While this may be a fair
point, we argue, with support from the associative/dis-
sociative focus literature, that focusing one’s attention on
effort-related somatic cues (and the resulting cognitive
appraisals) may be a “default” state for most individuals
engaging in moderate-to-vigorous-intensity cardiovas-
cular exercise and a thought pattern recreational exer-
cisers typically attempt to disengage from [52]. Without
prescribing a specific associative strategy, we would not
know if participants were engaging in their own forms
of distraction (e.g., daydreaming) or mindfulness, cre-
ating less distinction between our conditions. Second,
the affective response literature demonstrates that it is
common for nonregular exercisers, such as the current
sample, to experience negative affect during exercise [34];
thus, we believe that it is not unexpected that affective
response would be relatively more negative in this condi-
tion, given no strategy to mitigate that negative affective
response.

A final set of potential limitations regards the acute
measurements of exercise behavior. The acute measure-
ments of exercise behavior during the study session asked
participants to rate how they felt in the past 5/10 min of
exercise. These measures were originally designed as state
measures and, therefore, asking about their experience
in the past 5/10 min may introduce measurement error
or create difficulty in making comparisons between this
study and others. However, a meta-analysis by Rhodes
et al. [14] found that measures of affective judgments
during exercise seem to be highly robust to a variety of
methods used to assess it; thus, this is unlikely to be a
major limitation of the study. Second, the measure of
RPE asked participants to “please rate the average in-
tensity of the past five/ten minutes,” which departs from
recent recommendations that subjective effort be defined
in detail to participants before measuring RPE [53];
thus, it is possible that participants may not have clearly
understood the construct they were responding to for
this measure.

Summary and Conclusions

Half of American adults are insufficiently physically ac-
tive [5], and variation in affective response to exercise
may partially explain levels of inactivity [7, 8, 14]. This
study demonstrated that both mindfulness and distrac-
tion during exercise lead to improved subjective response
to exercise behavior and were associated with more fre-
quent exercise behavior during a brief follow-up. As
more positive affective response to exercise is associated
with greater maintenance over the long term, individuals
wishing to increase their cardiovascular exercise behavior



434

ann. behav. med. (2020) 54:423-435

would likely do well to either engage in mindfulness, or
find a method of distracting themselves while exercising,
to make the experience more affectively pleasant and/
or less subjectively difficult. Similarly, health providers
hoping to motivate insufficiently active individuals to in-
crease their exercise might wish to recommend mindful-
ness or distraction as techniques to use while exercising.
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