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Abstract

This study examined whether inactive, overweight/obese women experience consistent affective
responses to moderate-intensity exercise. Twenty-eight women participated in 3 identical (same
treadmill grade and speed within a subject), 30-minute exercise sessions. The Feeling Scale (FS),
Positive and Negative Affect Schedule and Subjective Exercise Experience Scale were
administered pre- and post-exercise and FS was also administered every 5 minutes during
exercise. All measures exhibited less than optimal agreement in pre-to post-exercise change within
an individual across the 3 sessions (ICCs=0.02-0.60), even after controlling for within-subject
variations in heart rate. Only FS exhibited ‘good’ consistency when controlling for pre-exercise
values (ICC=0.72). However, the mean FS score during exercise was highly consistent within an
individual (ICC=0.83). Thus an individual’s affective response to an exercise session does not
provide reliable information about how they will respond to subsequent exercise sessions. Taking
the average of FS measurements during exercise may yield more consistent findings.
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Introduction

Acute affective responses to exercise (e.g., pleasure or displeasure, tension or relaxation,
energy or tiredness (Ekkekakis, 2013)) have been increasingly studied over the last several
decades. Although affective responses have been shown to vary by exercise intensity,
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duration, and subject characteristics (Ekkekakis, Parfitt, & Petruzzello, 2011), countless
studies have reported positive shifts in hedonic valence in response to an acute bout of
moderate-intensity exercise (Ekkekakis et al., 2011; Ekkekakis & Petruzzello, 1999).
Further, investigators have also noted that affective responses during exercise may differ
from those following exercise (Backhouse, Ekkekakis, Bidle, Foskett, & Williams, 2007;
Ekkekakis, Hall, & Petruzzello, 2005; Rose & Parfitt, 2007), and thus it is important to
examine both pre- to post-exercise changes as well as changes in affect throughout the
exercise bout. Additionally, the overwhelming majority of findings from these studies stem
from examination of group level means. This is problematic because more recent research
has shown that acute affective responses to exercise are highly variable between individuals
(Backhouse, Ekkekakis, Bidle, Foskett, & Williams, 2007; K. L. Schneider, Spring, &
Pagoto, 2009; Unick, Michael, & Jakicic, 2012).

Van Landuyt, Ekkekakis, Hall, and Petruzzello (2000) was one of the first to examine inter-
individual variability in affective responses to exercise and found a striking disparity when
comparing group averages and individual affective responses during moderate-intensity
cycling exercise (using the Feeling Scale; FS [Hardy & Rejeski, 1989]) measured at 5-
minute intervals). At the group level there was no change in affective valence when
measured during exercise; however only 14% of participants actually had no change in
affect. Forty-five percent of participants reported improvements in affective valence and the
remaining 41% reported deterioration in affect following exercise. This individual
variability in affective response to exercise has been noted by others (Rose & Parfitt, 2007;
Welch, Hulley, Ferguson, & Beauchamp, 2007) and these individual responses have also
been linked to important health behaviors. For example, subjects with more favorable
affective responses during or following an acute exercise bout also exhibited greater short-
and long-term exercise adherence (M. Schneider, Dunn, & Cooper, 2009; D. M. Williams,
Dunsiger, Jennings, & Marcus, 2012; D.M. Williams et al., 2008) and consumed fewer
calories post-exercise compared to those who have less favorable affective responses to
exercise (K. L. Schneider, Spring, & Pagoto, 2009; Unick, Michael, & Jakicic, 2012).
However, these studies which have linked exercise-induced affective responses to important
health behaviors are limited in that they have relied on the measurement of affective changes
following a single exercise bout. This is of concern because it is not yet known whether an
individual’s affective response to exercise changes from day to day. For example, if
affective responses to exercise prove to be inconsistent, future studies may want to assess
affect at multiple time points at baseline and use that as a composite measure to predict
future health behaviors.

Similarly, there is a large body of research which seeks to understand how affect is
influenced by exercise and how these affective responses may differ by various
demographic variables, exercise intensities, or modes of exercise. To date, the
overwhelming majority of these studies have either utilized a single exercise session or a
within subjects cross-over design comparing affective responses between two different
exercise bouts (e.g., low vs. high intensity exercise). However again, the usefulness of these
study findings hinge on a question that has been unaddressed to date: if an individual
experiences a change in affect following a single bout of exercise on one occasion (as
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measured via the traditional laboratory paradigm), will this individual experience the same
change in affect if he/she engaged in an identical exercise bout at a later time point?
Understanding the consistency (or inconsistency) of affective response to exercise is not
only important for interpreting previous research findings, but also for designing future
studies. For example, if an individual’s affective response to a single exercise bout is not a
consistent characteristic, it may be less important to investigate who experiences positive or
negative changes in affect with exercise, and more important to investigate the
circumstances that facilitate pleasurable versus unpleasurable exercise experiences within an
individual.

It is reasonable to hypothesize that individuals may not respond uniformly in terms of
affective responses to the same repeated exercise stimulus. This could be due to several
factors. First, researchers have suggested that perception of exercise is not a passive process,
but an active one where internal (e.g., ventilation, muscular strain) and external (e.g.,
environment, distractions) factors can interact to influence how one feels (Rejeski, 1985).
Second, theory suggests that affective responses to a stimulus or behavior may shift with
repetition. For example, according to the mere exposure effect (Zajonc, 2001), affective
responses to exercise may become more positive over time as a participant becomes more
familiar with the exercise stimulus, as well as the physical and social setting of the exercise
laboratory. Conversely, participants may become bored with repetition of the exercise
protocol which could lead to negative shifts in affective response.

Therefore, this study examined whether affective responses during exercise and following a
single exercise session result in consistent and similar responses within an individual if
assessed at a later time point. To answer this question, participants completed 3 identical
(i.e., same duration, treadmill speed, and treadmill grade per individual) moderate-intensity
exercise sessions, each separated by at least 1 week. This study focuses on overweight and
obese, inactive women, a population who may be more likely to experience displeasurable
responses to exercise (Ekkekakis & Lind, 2006; Ekkekakis, Lind, & Vazou, 2010), but also
a subset of individuals who may be most likely to benefit from regular exercise. Further, few
studies have investigated the affective responses to exercise in overweight/obese sedentary
individuals, despite these individuals being most representative of the ‘average’ adult
population (Ekkekakis, Parfitt, & Petruzzello, 2011). While the best measurement methods
for assessing affect remain controversial (Ekkekakis, 2013; Ekkekakis & Petruzzello, 2001;
Lox, Jackson, Tuholski, Wasley, & Treasure, 2000), a handful of questionnaires and
measurement methods continue to be widely utilized (Ekkekakis, Parfitt, & Petruzzello,
2011). This paper focuses on three of these commonly used measures: 1) Feeling Scale (FS),
2) Positive and Negative Affect Schedule (PANAS), and 3) Subjective Exercise Experience
Scale (SEES). Further, we examine whether individuals can be reliably classified based
upon their pre- to post-exercise or during exercise changes in affect (e.g., increase, decrease
or no change in affect).
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Individuals responded to flyers for the parent study, which was advertised as “a study to
examine how exercise and eating affect the way one thinks and feels”. To be eligible,
participants had to be female, between the ages of 18 and 45, and have a BMI of 25 to
<35kg/m2. All participants reported being inactive (<60 min/wk of moderate-intensity
exercise), weight stable (x 10 Ibs over past 6 months) and relatively healthy (e.g., free of
heart disease and diabetes, not taking any medications that would alter heart rate (HR) or
metabolism, and no reported orthopedic conditions that would impact exercise). Subjects
provided written consent and study procedures were approved by the site’s Institutional
Review Board.

Study Overview

The current paper presents a secondary analysis from the parent study, which examined the
consistency in compensatory eating responses to exercise. All participants completed an
initial assessment visit, 3 exercise testing days, and 3 resting testing days. Study details have
been published previously (Unick et al., 2015). Only methods and measures relevant to the
current research question are described below.

During the initial assessment visit, height and weight were measured, body composition was
assessed using bioelectrical impedance (RJL Systems, Clinton Township, M), and subjects
completed a submaximal graded exercise test (GXT) to 75% of age-predicted maximal HR.
The American College of Sports Medicine’s prediction equations for the energy expenditure
of walking were used to estimate the exercise workload [i.e., metabolic equivalent (MET)
value] at each stage and at test termination (American College of Sports Medicine, 2010).
Maximal fitness (measured in METS) was estimated by extrapolating the HR/MET
relationship to the person’s age-adjusted maximal HR. Heart rate data collected during the
GXT was used to approximate the starting treadmill grade for each individual’s first exercise
session. Further, the GXT served as a means of acclimating participants to walking on the
treadmill in a laboratory setting.

Following the assessment visit, participants reported to the laboratory for 3 exercise testing
sessions, all consisting of identical study procedures. Each exercise session was separated by
1-2 weeks and all exercise sessions were performed at the same time of day (30 min) and
in the morning hours (08:15 to 10:15). Prior to each exercise session, subjects were
instructed to fast overnight and upon arrival at the laboratory, they were provided with a
standardized meal replacement bar (210 kcals, 47% CHO, 26% fat, 27% protein) which was
consumed 45 minutes prior to exercise. Participants completed the SEES and PANAS
approximately 30 minutes prior to the start of exercise and immediately following each
exercise bout. The FS was assessed before, during (at 5 minute intervals), and 5 minutes
following the cessation of exercise (see descriptions below).
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Exercise Sessions

During the first of three exercise sessions, subjects walked on a treadmill for 30 minutes at
3.0 mph and at a grade that elicited a HR between 70-75% of age predicted maximal HR.
This exercise duration and intensity was chosen because it is consistent with the American
College of Sports Medicine’s exercise guidelines, it is feasible and often prescribed for
inactive and overweight/obese individuals (Carnero et al., 2014; Donnelly et al., 2013), and
it is at the upper end of the moderate-intensity range and thus likely to result in greater
changes in cardiorespiratory fitness if continued over time (American College of Sports
Medicine, 2010). The starting treadmill grade for each participant was estimated using HR
data from the GXT. Heart rate was monitored every minute via Polar HR monitors and the
grade of the treadmill was adjusted appropriately if the subject’s HR fell outside the target
HR range for two consecutive minutes. If the subject’s HR was above the target HR range at
a 0% treadmill grade, the speed of the treadmill was also reduced. Any adjustments made to
the grade or speed of the treadmill were noted so that an identical exercise protocol could be
employed during the second and third exercise sessions (i.e., changes in speed/grade from
session 1 were duplicated in sessions 2 and 3, regardless of HR response). Ratings of
perceived exertion (RPE) were assessed every 5 minutes during exercise using Borg’s 6-20
RPE scale and 15 seconds prior to the end of the exercise bout (Borg & Linderholm, 1967).

Measures of Affective Response

Numerous questionnaires and measures exist for assessing affective responses to exercise.
Previously, investigators have discussed the strengths and weaknesses of each of these
measures, including those used within the present study (Ekkekakis, 2013; Ekkekakis &
Petruzzello, 2001). Although each measure has limitations, we chose to use three of the most
widely used measures (FS, PANAS, SEES), each of which are described in detail below.

Feeling scale—The FS is a single measure of the valence dimension of affect (Hardy &
Rejeski, 1989) and was administered immediately prior to the start of exercise, every 5
minutes during exercise, and 5 minutes post-exercise. Participants rated how they felt “at the
present moment” using the 11-point FS which ranges from -5 (very bad) to +5 (very good).
The FS has been used as a measure of affective valence in a number of physical activity
studies (for a review, see [Ekkekakis, 2003]), has been shown to be related to other
measures of affective valence (Hall, Ekkekakis, & Petruzzello, 2002), and is distinct from
ratings of perceived exertion (Hardy & Rejeski, 1989). Pilot testing by other researchers
demonstrates correlations ranging from 0.51 to 0.81 with the Valence scale of the Self
Assessment Manikin and from 0.41 to 0.59 with the Valence scale of the Affect Grid (Van
Landuyt, Ekkekakis, Hall, & Petruzzello, 2000). In the current study, pre- to post-exercise
changes in FS scores were calculated for each exercise bout, as well as the mean FS
response throughout the exercise session.

Positive and negative activated affect—Positive activated and negative activated
affect (Feldman Barrett & Russell, 1998; Watson, Wiese, Vaidya, & Tellegen, 1999) were
measured pre- and post-exercise using the PANAS (Watson, Clark, & Tellegen, 1988),
which is a 20-item measure that lists affect-related adjectives and asks participants to relate
how they are feeling “right now”. The responses cluster into two, 10-item subscales for
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positive activated affect and negative activated affect, with scores ranging from 10-50 for
each subscale. Positive activated affect reflects affective states that are positive in valence
(i.e., good) and high in activation, such as enthusiastic and alert, whereas negative activated
affect includes affective states that are negative in valence (i.e., bad) and high in activation,
such as distressed and irritable. Higher scores indicate greater positive activated affect and
greater negative activated affect. The PANAS has been shown to exhibit excellent reliability
with Cronbach’s alpha coefficients ranging from 0.86-0.90 for the positive affect scale and
0.84-0.87 for the negative affect scale (Watson, Clark, & Tellegen, 1988).

Subjective exercise experience—The Subjective Exercise Experience Scale (SEES) is
a 12-item questionnaire that was specifically designed to assess subjective responses to
exercise (McAuley & Courneya, 1994). Participants were asked to indicate “how they are
feeling right now”, using a 7-point Likert scale, pre- and post-exercise. Responses cluster
into 3 subscales: positive well-being (e.g., great or positive), psychological distress (e.g.,
miserable or discouraged), and fatigue (e.g., tired or exhausted). Scores for each subscale
range from 4-28, with higher scores indicating more positive well-being, greater
psychological distress, and greater feelings of fatigue. The positive well-being subscale has
been shown to be highly correlated (r=0.71) with PANAS-positive affect and the
psychological distress subscale is correlated (r=0.61) with PANAS-negative affect
(McAuley & Courneya, 1994). All three subscales of the SEES have demonstrated excellent
reliability (0.84-0.92).

Statistical Analyses

Random intercept linear mixed effects models estimated via restricted maximum likelihood
(REML) as implemented in the Splus 8.2 statistical software package (TIBCO Software Inc,
2010) were used to test whether mean HR and mean RPE during exercise differed across the
3 exercise sessions. Intraclass correlation coefficients (ICC) were used to examine whether
mean HR or mean RPE during one exercise session produced a consistent response within
an individual across the other exercise sessions.

Paired samples t-tests were used to examine whether the FS, PANAS, and SEES measures
changed from pre- to post-exercise for each exercise session. Random intercept linear mixed
effects models were used to assess whether any FS, PANAS, or SEES subscales differed
across the 3 exercise sessions. To examine the consistency in affective responses to exercise,
pre- to post-exercise changes in all six measures (FS, PANAS-positive activated affect,
PANAS-negative activated affect, SEES-positive well-being, SEES-psychological distress,
and SEES-fatigue) were computed and ICCs were calculated to examine whether the pre- to
post-exercise change on one exercise session was consistent within an individual across the
other exercise sessions, with and without controlling for pre-exercise affective level, mean
HR, and mean RPE. To examine the consistency in FS during exercise, the mean FS
throughout each 30-minute exercise session was computed and an ICC was calculated. For
this analysis, a higher ICC value (range 0.0-1.0), indicates greater reliability of the measure.

Of note, reliable measurement is usually associated with ICC>0.75 (Streiner & Norman,
1995), a level that may be hard to reach with a single observation. However, reliability
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increases in a predictable manner with repeated measurement according to the Spearman-
Brown prophecy formula: ICC(N)=N*ICC(1)/[1+(N-1)*ICC(1)], where ICC(N), is the
reliability of the average of N measurements (Stanley, 1971). Hence, if the reliability of a
single measurement falls short of the 0.75 threshold, one can at least calculate how many
additional observations would be needed to either meet or exceed this threshold.

For each of our measures, individuals were additionally classified based upon whether they
experienced an increase (e.g., affectye < affectpysy), decrease (e.g., affectyye > affectyogy), or
no change (e.g., affectpre = affectyost) from pre- to post-exercise. For FS, participants were
also classified into one of three categories (i.e., increase, decrease, no change) based upon
their FS response at 5, 15, and 25 minutes into the exercise bout, in relation to pre-exercise
levels. A Fleiss kappa coefficient (range 0.0 — 1.0) was calculated for each measure to
indicate the degree to which individuals fell into the same category (e.g., ‘increase’,
‘decrease’, ‘no change’) across the three exercise sessions (Fleiss, 1971). Kappa values
<0.40 indicate "poor" agreement, values between 0.40 and 0.59 indicate “fair” agreement,
values between 0.60 and 0.74 indicate "good" agreement and values between 0.75 and 1.00
indicate “excellent” agreement (Cicchetti, 1994). Based on these guidelines, we will assume
that kappa coefficients >0.60 indicate that a particular categorization is consistent within
persons across the three pairs of trials (Cicchetti, 1994). All values are reported as means +
SD. Statistical significance was set at p<0.05.

Twenty-eight women completed all 3 exercise sessions and thus were included in the
analyses. On average, participants were 33.1 + 9.6 years of age, had a BMI of 30.3£2.9
kg/m2, had a body fat percentage of 37.9 + 5.4%, and 61% were Caucasian. Maximal fitness
was estimated to be 8.4 + 1.6 METS.

Exercise Session Details

Each subject completed 3 identical exercise bouts in which the treadmill speed (between-
subjects mean = 2.92+0.14 mph), treadmill grade (between-subjects mean = 2.16+1.98%),
and estimated energy expenditure (between-subjects mean = 172.6+39.8 kcals) were held
constant within individuals across the 3 trials, with the goal of achieving a HR of 70-75% of
age-predicted maximal HR (HRmax). While the study was designed to ensure that
participants exercised at the same absolute intensity (i.e., same treadmill grade and speed)
across the three sessions, this meant that that there was a possibility that the relative exercise
intensity (i.e., HR) could vary within an individual. Analyses revealed that averaged across
participants, the mean HR for Sessions 1 through 3 was 72.3+1.8%, 70.0+3.6%, and
70.6+5.4% of age predicted HRax respectively, with Sessions 1 and 2 differing
significantly from one another (p=0.001). The ICC for the mean HR within an individual
across the 3 exercise sessions was 0.69. Similar analyses were repeated for RPE. Averaged
across participants, the mean RPE for Sessions 1 through 3 was 12.0£2.0, 11.3£2.0, and
11.3£2.3 respectively, with Session 1 being statistically different from the other two sessions
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(p<0.05). Further, there was ‘excellent’ agreement (ICC = 0.77) in RPE within an individual
across the 3 exercise sessions.

Group-level Affective Responses to Exercise

Table 1 presents the pre- and post-exercise FS, PANAS, and SEES scores for each exercise
session. These group-level means suggest that PANAS-positive activated affect increased
from pre- to post-exercise on Sessions 2 and 3 (p’s<0.05) and there was a trend for SEES-
positive well-being to also increase from pre- to post-exercise (p’s = 0.06-0.08). There was
no pre- to post-exercise change for the remaining measures. Further, there was no evidence
of between-session differences in pre- to post-exercise change scores across the 3 exercise
sessions for all measures assessed (p’s>0.05). In addition to examining pre- to post-exercise
changes, participants reported their FS response every 5 minutes during exercise and
responses are shown in Table 2. In general, FS scores decreased following the start of
exercise and began to rise again nearing the end of the exercise bout.

Consistency in Affective Responses to Exercise within an Individual

Table 3 presents the ICCs for pre- to post-exercise changes in all measures of affect, with
and without controlling for pre-exercise values. Unadjusted ICC’s ranged from 0.02-0.60,
thus all falling below the threshold for ‘excellent consistency’ (ICC = 0.75). This suggests
that for most individuals, using a single session to examine pre- to post-exercise changes
will not result in consistent affective responses if assessed at a later time point when the FS,
PANAS, and SEES are used. The ICCs were relatively unaltered after adjusting for mean
HR and RPE during the exercise bout (results not presented). However, after adjusting for
pre-exercise values in the analyses, the ICC increased for all measures of affect.
Nonetheless, ICCs remained well-below the threshold for ‘excellent’ consistency, with only
the ICC for the FS (ICC=0.72) nearing this threshold.

In addition to assessing the consistency in pre- to post-exercise change scores, the FS also
assessed affective valence in 5-minute increments during exercise. Findings reveal that the
mean FS score averaged across the entire exercise session exhibited ‘excellent’ consistency
within an individual across all 3 sessions both with (ICC=0.76) and without controlling for
pre-exercise scores (ICC=0.83).

Classification of an Individual Based Upon Their Affective Response to Exercise

Individuals were characterized based upon whether they reported an increase, decrease, or
no change on the FS, PANAS, and SEES measures from pre- to post-exercise or at
intermediate time points (e.g., 5 min, 15 min, etc.) during exercise. The percentage of
participants falling into these categories for each exercise session is displayed in Table 4.
Although there was ‘no change’ at the group level for the majority of affect measures (Table
1), a large proportion of individuals reported an ‘increase’ or ‘decrease’ for PANAS-
negative activated affect (45.3%), SEES-psychological distress (41.7%), SEES-fatigue
(82.2%), and FS (59.5%); thus not following the pattern of the mean.

An additional aim was to examine the consistency in this classification structure (i.e., if an
individual reported an increase in positive affect from pre- to post-exercise on Session 1, did
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she also report an increase in positive affect on Sessions 2 and 3). As shown in Table 4,
there was a lack of consistency for all measures of affect, as indicated by low Kappa
coefficients (Kappa range = 0.03 — 0.48). In fact, the percentage of participants classified
into the same category on all 3 sessions was low for PANAS-positive activated affect
(28.6%), PANAS-negative activated affect (35.7%), SEES-positive well-being (28.6%), and
SEES-fatigue (14.3%), but slightly higher for SEES-psychological distress (46.4%) and the
FS (50.0%).

Similar analyses were conducted to examine whether individuals consistently fell within the
same category (i.e., increase, decrease, no change) across all 3 exercise sessions when
assessed using the FS at 5, 15, and 25 minutes into the exercise bout. Again, the low Kappa
coefficients (range: 0.15 — 0.40) suggest little consistency in this classification structure. The
percentage of participants classified into the same category on all 3 sessions was also low:
32% at 5 minutes, 29% at 15 minutes, and 43% at 25 minutes.

Discussion

This study assessed affective responses to exercise in inactive, overweight and obese women
using three, moderate-intensity exercise bouts that were identical, in that they were
performed at the same absolute intensity within an individual, for the same duration and at
the same time of day. Study findings indicate that an individual’s affective response to a
single exercise session does not provide reliable information about how they will respond to
subsequent exercise sessions. This lack of consistency was also observed even after
controlling for within-person variability in pre-exercise affect levels as well as the relative
intensity and perceptual response to the exercise bouts (i.e., HR and RPE). Further, these
data suggest that using a single exercise session to classify an individual based upon their
pre- to post-exercise change in affect (i.e., increase, decrease, or no change) will not result in
a similar classification if assessed at a later time point. In fact, at most, half of all
participants fell into the same category for all 3 exercise sessions.

Although there is some debate in the field regarding the best measurement tool to assess
changes in affect (Ekkekakis, 2013; Ekkekakis & Petruzzello, 2001; Lox, Jackson, Tuholski,
Wasley, & Treasure, 2000), there is evidence to suggest that the examination of pre- to post-
exercise changes may elicit biased results given that some participants may feel very
different following exercise (e.g., relieved) versus how they felt during exercise (Backhouse,
Ekkekakis, Bidle, Foskett, & Williams, 2007; Ekkekakis et al., 2005). Thus, it is also
important to examine whether affective responses during exercise are consistent within an
individual. Findings from the current study indicate that the mean FS score throughout the
exercise session exhibited “excellent” consistency within an individual. This suggests that
taking the mean FS response during a single exercise session would likely result in a similar
response if that individual were assessed again at a later time point using the same exercise
stimulus. Additionally, FS responses at any given 5-minute interval during exercise also
exhibited ‘good’ to ‘excellent’ consistency (ICCs ranging from 0.69-0.85) within an
individual.
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The current findings also demonstrate that one's affective state prior to exercise may
influence the consistency in the pre- to post-exercise change within an individual. For
example, when pre-exercise affect was controlled for in the analyses, the ICC substantially
increased for the FS, SEES, and PANAS measures. This finding is consistent with previous
studies demonstrating the importance of controlling for baseline affect when assessing
affective response to exercise (Ekkekakis, 2013). However in the current study, even after
controlling for pre-exercise levels, only the FS exhibited decent agreement within an
individual across the 3 exercise sessions, with the remaining measures exhibiting poor
agreement.

Whenever affective responses to exercise are assessed, especially in a laboratory setting,
there is always the possibility that participant responses to the initial exercise session are
influenced by either the novelty of the exercise itself or the novelty of exercising in a foreign
environment. However in the current study, it is important to note that all participants
attended an initial assessment visit in which they underwent a graded exercise test to 75% of
their HRnax, prior to Session 1. Thus, this should have familiarized participants with
walking on the treadmill in a laboratory setting, prior to the start of the testing sessions.
Further, we conducted several exploratory analyses to rule out the possibility that Session 1
was more of an 'acclimation trial', particularly given that mean HR and RPE during Session
1 were found to be slightly higher than that observed in Sessions 2 or 3. When ICCs were
computed, controlling for within subject differences in HR and RPE, the results were
unaltered. Moreover, we examined the ICCs for Sessions 2 and 3 only to rule out the
possibility that Session 1 served as an ‘acclimation trial’. When Session 1 was removed
from the analyses, ICCs ranged from 0 to 0.54, with the ICCs for all measures still falling
well below the threshold for 'excellent' consistency. For these reasons, we do not believe that
Session 1 served as an ‘acclimation trial' in the current study. Nonetheless, when designing
future studies researchers should always consider whether the use of an ‘acclimation trial’ is
appropriate.

An important clinical application to consider is how the current findings may impact the
interpretation of previous studies or the design of future studies in this area of research.
Based upon our data, it may still be appropriate to utilize a single exercise bout to examine
affective responses to exercise when the research question at hand is primarily focused on
understanding group-level differences. However, for studies which seek to examine the
individual variability in affective responses to exercise or to explore characteristics of
individuals who respond in one manner (e.g., increase in positive affect from pre to post-
exercise) versus those who respond in the opposite manner (e.g., decrease in positive affect),
the current data suggest that an individual’s affective response to a single exercise session
does not provide reliable information about how they will respond if assessed at a later time
point using an identical exercise stimulus. This may suggest that future studies should also
begin to investigate the circumstances that lead to pleasurable versus unpleasurable affective
states within a person. However, for researchers who remain interested in understanding the
differences between individuals who generally experience favorable vs. unfavorable changes
in affect in response to exercise, an alternative approach would be to measure individuals on
several occasions and take the average across sessions, which will result in more reliable
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estimates. Appendix 1 (which can be viewed online as a Supplementary file) can be used to
calculate the number of exercise sessions that would be needed, dependent upon the
assessment tool used. For example, the average of two exercise sessions would be needed to
ensure that the pre- to post-exercise change score for the FS was reliable (Appendix 1, Table
b, ICC=0.84 after controlling for pre-exercise values). However, for PANAS-negative
activated affect, three sessions would be needed (Appendix 1, Table ¢, ICC=0.81 after
controlling for pre-exercise values).

This study also provided a unique opportunity to examine the between-subjects variability in
affective response to a moderate-intensity exercise bout in overweight/obese women,
significantly contributing to the scant body of literature in this area. While group-level data
revealed that PANAS-positive activated affect and SEES-positive well-being were modestly
increased from pre- to post-exercise, with no change in any of the other measures assessed,
individual-level findings seem to suggest that a different conclusion may be in order. Take
for example the pre- to post-exercise change in the FS as measured during Session 1. At the
group level, there was no change from pre- to post-exercise; however further examination of
the individual data revealed that 32.1% of participants reported an increase in the FS while
39.3% reported a decrease. Thus, the smallest proportion of individuals (28.6%) followed
the pattern described by the group mean (i.e., no change from pre- to post-exercise), which
is similar to Van Landuyt et al. (Van Landuyt et al., 2000), despite the very different subject
sample utilized by both studies (normal weight, university students who exercised regularly
vs. inactive, overweight/obese women).

This study was strengthened by the use of a rigorous methodology which utilized 3 identical
exercise sessions (as opposed to 2), a tightly controlled laboratory design which assessed
changes in affect both pre- and post-exercise as well as during exercise, and the use of three
commonly employed measures for assessing affective responses to exercise (versus using
just one measure). However, it is not without limitations. First, given that the study sample
consisted of inactive, overweight/obese women, it is unclear whether these findings would
generalize to other populations, especially given that previous studies have demonstrated
that overweight and inactive individuals experience more displeasure in response to acute
exercise compared to more active and normal weight samples (e.g., college students)
(Ekkekakis & Lind, 2006; Hulens, Vansant, Claessens, Lysens, & Muls, 2003; Petruzzello,
Hall, & Ekkekakis, 2001; Welch, Hulley, Ferguson, & Beauchamp, 2007). Further, the lack
of familiarity with exercise in this population could have contributed to the lack of
consistency in affective responses observed. It is possible that if this study were repeated
after several weeks or months of exercise training (i.e., when the novelty of exercise was no
longer present), that the affective responses to exercise may have been more or less
consistent within an individual across sessions. Second, previous research has suggested that
there is greater individual variability in affective responses to exercise between individuals
when the exercise intensity is near one’s ventilatory threshold (Ekkekakis et al., 2005).
However, the current study did not assess the ventilatory threshold and the exercise intensity
was set relative to an individual’s age-predicted HRpmax (Which has some inherent
limitations). Therefore, it is possible that these inactive participants were exercising at or
near their ventilatory threshold, particularly given that the exercise was performed at the
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upper end of the moderate-intensity range (i.e., 70-75% HRmax), and this may have
contributed to the large degree of inter-individual variability observed. Further, it is unclear
whether there may have been less or greater consistency within an individual if the exercise
were performed at a different intensity (e.g., below or above one’s known ventilatory
threshold). This should be examined in future studies. Third, there is the possibility that the
differences observed in the ICCs between the SEES, PANAS, and FS may have been due to
scaling differences between measures. For example, the FS consists of a smaller range of
potential values (i.e., integer steps in the range from =5 to +5) whereas the PANAS scores
may fall within a relatively larger range (e.g., integer steps in the range of 10-50 for
PANAS-positive affect). Hence, it is possible that the considerably higher ICC observed for
the FS is an artifact of having fewer options to choose from in regards to rating affective
responses and that an incremental change of 1-point on the FS may be more ‘consequential’
than a 1-point change on PANAS-activated affect. Given this possibility, we conducted
exploratory analyses that examined whether rounding the larger scales (e.g., PANAS-
positive activated affect rounded to the nearest multiple of ten [i.e., 10, 20, 30, 40, 50])
significantly changed the ICC, compared to when these values were not rounded. Results
suggest that the magnitude of bias due to the range of possible integer values in the scale
(e.g., 10-50 vs. =5 to +5) is likely very small. Finally, given previous criticisms of several of
the affect measures used in this study (Ekkekakis, 2013; Ekkekakis & Petruzzello, 2001), we
cannot rule out the possibility that measurement error, not true variability within a person,
was responsible for the lack of consistency observed in pre- to post-exercise changes in
affect within an individual.

In conclusion, this study demonstrates that affective responses to moderate-intensity
exercise are not consistent within inactive, overweight/obese women when assessed using
three identical exercise bouts. This suggests that even when using a tightly controlled
laboratory paradigm (e.g., all sessions were performed at the same time of day, in the same
exercise facility, using identical exercise protocols, and with prior energy intake controlled
for, etc.), an individual’s affective response to exercise varied from session to session.
Therefore, if individual-level (not group-level) responses to exercise are of greatest interest
to an investigator, it may be advantageous to consider using multiple exercise sessions so
that the average of these sessions can be utilized to characterize an individual’s affective
response to exercise. Further, the inconsistency in affective responses observed in the
current study suggest that it may not be as important for future research to investigate who
experiences positive or negative changes in affect, but rather an additional focus of research
should be on understanding which circumstances may facilitate pleasurable versus
unpleasurable exercise experiences within an individual, as this may help to improve rates of
exercise adherence and favorably impact other health behaviors.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1

Description of Group-level, Affective Responses to Exercise

Pre-exercise  Post-exercise Pre- to post-
exercise change

p-value for pre-to
post-exercise

Session effect

change
Feeling Scale 0.06
Session 1 2.64+15 1.93+1.8 -0.71+2.1 0.75
Session 2 2.25%15 2.14%1.9 -0.11+1.7 0.63
Session 3 2.23+1.7 2.21+2.0 -0.11+1.2 0.71
PANAS - positive activated affect 0.28
Session 1 24.8+9.5 26.9+£9.7 2275 0.14
Session 2 21.448.1 25.5+10.7 4.1+6.5 0.002
Session 3 21.7¢10.2 24.0+11.1 2.3%5.2 0.03
PANAS - negative activated affect 0.96
Session 1 11.2+1.8 11.3+2.5 0.1+2.0 0.71
Session 2 11.0+1.5 11.3+2.5 0.3x2.1 0.47
Session 3 11.2+2.4 11.4+2.7 0.2+2.1 0.60
SEES - positive well-being 0.93
Session 1 15.0+5.3 17.0+£5.5 2.0+5.8 0.08
Session 2 13.6+5.4 15.2+6.2 1.6+4.3 0.06
Session 3 12.7+6.6 14.4+7.1 1.7+4.6 0.06
SEES - psychological distress 0.77
Session 1 7.7¢5.8 6.5+4.2 -1.2+5.7 0.27
Session 2 6.6+4.0 5.8+4.0 -0.8+4.82 0.35
Session 3 6.6+4.8 6.2+4.3 -0.4+3.6 0.56
SEES - fatigue 0.96
Session 1 10.5+6.4 10.8+5.2 0.3+7.5 0.84
Session 2 10.3+5.9 10.1+6.0 -0.2+5.6 0.87
Session 3 9.246.5 9.3#6.5 0.1+4.4 0.93

Repeated measures ANOVAs assessed whether the pre- to post-exercise change scores differed across the 3 sessions (‘Session effect’).
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Table 2

Description of Group-level Feeling Scale Scores throughout Exercise

Pre-ex 5 min 10 min 15 min 20 min 25 min 30 min

Mean
during

.k
exercise

Session 1 mean+SD
Session 2 mean+SD
Session 3 mean+SD

ICC: Sessions 1 thru 3

2.64+15 211+#13 2.00+1.6 17119 1.64+2.0 1.86x2.1 2.11+2.2

2.25%15 207#15 2.00+1.6 2.04+1.6 1.82+21 1.96+2.1 211+24

2.23+1.7 2.04+18 1.89+1.8 1.93+21 1.86+22 1.79+25 1.96+2.4
0.60 0.72 0.77 0.69 0.81 0.85 0.85

1.90+1.6

2.00+1.8

1.91+2.0
0.76

*
Mean during exercise was computed as the sum of the FS scores measured at minutes 5, 10, 15, 20, 25, and 30 divided by 6.
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Examination of the Reliability of Pre- to Post-Exercise Change Scores

Table 3

(Across all 3 sessions)

Adjusted ICC”
(Across all 3 sessions)

ICC
Feeling Scale 0.60
PANAS — Positive Affect 0.38
PANAS - Negative Affect 0.27
SEES - Positive Well-Being 0.36
SEES - Psychological Distress 0.22
SEES - Fatigue 0.02

0.72
0.46
0.58
0.42
0.54
0.39

ICC = Intraclass correlations;

*
controlling for pre-exercise score
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Table 4

Increase Decrease No change Kappa

Pre- to post-exercise change
Feeling Scale

Session 1 9(32.1%) 11 (39.3%) 8 (28.6%)

Session 2 8(28.6%) 6 (21.4%) 14 (50%)

Session 3 8(28.6%) 8 (28.6%) 12 (42.9%)

Consistent across Sessions 1_31 3 (10.7%) 5 (17.9%) 6 (21.4%) 0.48
PANAS - positive affect

Session 1 14 (50%) 14 (50%) 0 (0%)

Session 2 19 (67.9%) 6 (21.4%) 3(10.7%

Session 3 18 (64.3%) 6 (21.4%) 4 (14.3%)

Consistent across Sessions 1_31 8 (28.6%) 0 (0%) 0(0%) 0.05
PANAS - negative affect

Session 1 8(28.6%) 7 (25.0%) 13 (46.4%)

Session 2 5(17.9%) 5 (17.9%) 18 (64.3%)

Session 3 8(28.6%) 5 (17.9%) 15 (53.6%)

Consistent across Sessions 1_31 2 (7.1%) 1(3.6%) 7(25.0%) 0.26
SEES - positive well-being

Session 1 16 (57.1%) 11 (39.3%) 1 (3.6%)

Session 2 14 (50.0%) 7 (25.0%) 7 (25.0%)

Session 3 14 (50.0%) 8 (28.6%) 6 (21.4%) 0.17

Consistent across Sessions 1_31 5(17.9%) 3 (10.7%) 6 (21.4%) 0 (0%) 0.17
SEES - psychological distress

Session 1 5(17.9%) 8 (28.6%) 15 (53.6%)

Session 2 4(14.3%) 10 (35.7%) 14 (50.0%)

Session 3 3(10.7%) 5 (17.9%) 20 (71.4%)

Consistent across Sessions 1_31 8 (10.7%) 0 (0%) 10 (35.7%) 0.35
SEES - fatigue

Session 1 15 (53.6%) 12 (42.9%) 1 (3.6%)

Session 2 10 (35.7%) 10 (35.7%) 8 (28.6%)

Session 3 12 (42.9%) 10 (35.7%) 6 (21.4%)

Consistent across Sessions 1—3:t 1(3.6%) 2 (7.1%) 1(3.6%) 0.03
During exercise change*
Feeling Scale (5 min)

Session 1 5 (17.9%) 14 (50%) 9 (32.1%)

Session 2 1(3.6%)  6(21.4%) 21 (75.0%)

Session 3 2 (7.1%) 7 (25%) 19 (67.9%)

T 0(0%) 1 (3.6%) 8 (28.6%) 0.15

Consistent across Sessions 1-3
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Increase Decrease No change Kappa
Feeling Scale (15 min)
Session 1 6 (21.4%) 16 (57.1%) 6 (21.4%)
Session 2 5(17.9%) 8 (28.6%) 15 (53.6%)
Session 3 4(143%) 9 (32.1%) 15 (53.6%)
Consistent across Sessions 1-3:t 1(3.6%) 3 (10.7%) 4 (14.3%) 0.21
Feeling Scale (25 min)
Session 1 8(28.6%) 14 (50.0%) 6 (21.4%)
Session 2 7(25.0%) 8 (28.6%) 13 (46.4%)
Session 3 6(21.4%) 10 (35.7%) 12 (42.9%)
I 2(71%)  6(21.4%) 4(14.3%) 0.40

Consistent across Sessions 1-3

n(%);
*
During exercise change was calculated at 5, 15, and 25 minutes into the exercise bout, in relation to the pre-exercise Feeling Scale value.

¢These data represent the n(%) of individuals who fell into the same category across all 3 sessions.
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