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Exercise Duration and Mood State: How Much Is Enough to Feel Better?

Cheryl J. Hansen, Larry C. Stevens, and J. Richard Coast
Northern Arizona University

The effects of exercise duration on mood state were examined. In a repeated-measures design, the Profile
of Mood States inventory (D. M. McNair, M. Lorr, & L. F. Droppleman, 1971) was administered before
and after 1 quiet resting trial and 3 exercise trials of 10, 20, and 30 min on a bicycle ergometer. Heart
rate levels were controlled at 60% of the participant's estimated VO2maj[ level. An overall analysis of
variance found improved levels of vigor with reduced levels of confusion, fatigue, and total negative
mood. Planned analyses revealed that the improvements in vigor, fatigue, and total mood occurred
after 10 min of exercise, with progressive improvements in confusion over 20 min and with no additional
improvement over longer periods. These results complement current recommendations, which suggest
that to experience positive fitness and health benefits, healthy adults should participate in a total of 30
min of moderate physical exercise daily, accumulated in short bouts throughout the day.

Key words: exercise duration, exercise and mood change, acute aerobic exercise,
mood, psychological states

The decline of physical fitness in America coupled with the
increase in lifestyle-related illnesses has spawned an upsurge of
research seeking to document the benefits of exercise as a deterrent
to illness. Most research conducted to date has suggested that the
benefits of regular physical activity can include improved cardio-
respiratory function, reduction in risk for coronary artery disease,
and significantly lower risk of chronic disease in general (Amer-
ican College of Sports Medicine, 1995).

Over the past 30 years, this increasing interest in the positive
physical benefits of exercise has resulted in a fitness movement,
the accompanying growth of a ubiquitous health and fitness in-
dustry, and increasing curiosity over the potential for psycholog-
ical well-being as an added benefit of exercise. Common sense
dictates that improved mental health is a natural outcome of
exercise (Glenister, 1996), and recent research has attempted to
identify potential psychological benefits that may be related to
regular exercise. Although a number of design problems have
arisen in this attempt to evaluate the effects of exercise on psy-
chological mood (Hinkle, 1992; Kirkcaldy & Shephard, 1990;
Yeung, 1996), recently published reviews of the research literature
have concluded that regular physical activity is beneficial to psy-
chological health. Specifically, exercise appears to be useful in the
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management of anxiety, depression, anger, tension, reaction to
stress, self-efficacy, and self-esteem (Biddle, 1996; Glenister,
1996; Hinkle, 1992; Kirkcaldy & Shephard, 1990; Yeung, 1996).

Although there is little doubt that exercise benefits mental
health, the mechanism by which this is accomplished remains
unclear and may ultimately defy parsimonious explanation. For
example, Kirkcaldy and Shephard (1990) noted that exercise may
contribute to increased levels of the mood-altering neurotransmit-
ters enkephalin and beta-endorphins. These neurotransmitiers may
to some extent decrease pain sensation and autonomic reaction to
stress as well as increase a sense of self-efficacy. However, at-
tempts to correlate a relationship between plasma endorphin levels
and mood improvement have been unsuccessful (Kirkcaldy &
Shephard, 1990; Yeung, 1996). Methodological problems may
account for the failure to demonstrate a connection between exer-
cise, endorphin levels, and mood improvement. It is also possible
that plasma neurotransmitter levels do not correspond to neuro-
transmitter levels in the central nervous system.

A variety of other views may complement the neurotransmitter
approach. For example, Estivill (1995) hypothesized that exercise
enthusiasts achieve temporary relief from daily stress and that any
sense of depression they may feel is replaced by a pleasant and
calm state of awareness similar to that found in spiritual practices.
She also noted that aerobic exercise may provide a sense of
virtuousness similar to the work ethic demanded by traditional
religion. In another hypothesis, the extent to which one experi-
ences improved positive affect during exercise may be related to
the cohesiveness of the group in which one participates (Courneya,
1995). Yet another explanation is the possibility of a strong pla-
cebo or expectancy effect that enhances the perceived improve-
ment in one's sense of well-being (Desharnais, Jobin, Cote,
Levesque, & Godin, 1993). This array of hypotheses suggests that
the effects of exercise on mental health may be more complex than
conceptualized in the individual studies cited above and may
involve multiple pathways.
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In an effort to identify the components that contribute to im-
proved mood, many researchers have examined the effects of a
single bout of exercise. These studies have suffered from method-
ological flaws and design differences and have consequently pro-
duced some contradictory results. Yeung (1996) presented a re-
view of the literature on single-session studies published between
1976 and 1995; of the 23 studies reviewed and classified as having
an experimental design (which required a control group composed
of randomly assigned participants), 18 showed mood improvement
of the experimental group as compared with the control group on
at least one measure, and 5 studies reported no change in mood
state. Yeung also reviewed 18 quasi-experimental studies and
reported results showing improvement on at least one measure of
mood state in 17 of the studies. The remaining study (Berger &
Owen, 1992) reported no change other than an increase in fatigue,
perhaps due to an artifact of testing immediately after a high-
intensity swim session and prior to the recommended heart rate
cool-down period. The studies reviewed by Yeung compared nu-
merous forms of aerobic activity with a variety of nonaerobic
pursuits. Mood changes reported in the majority of these studies
included reduction of anxiety on the State Trait Anxiety Inventory
(STAI; Spielberger, Gorsuch, & Lushene, 1970); reduction of the
negative moods of tension-anxiety, depression-dejection, anger-
hostility, fatigue-inertia, and confusion-bewilderment; and in-
crease in the positive state of vigor-activity on the Profile of Mood
States Inventory (POMS; McNair, Lorr, & Droppleman, 1992).

Other recent studies not included in Yeung's (1996) review also
found significant changes in mood state after one bout of aerobic
exercise. For example, running and bicycling produced decreases
in anxiety and negative mood disturbances as well as an increase
in mental vigor (McGowan, Pierce, & Jordan, 1991; Roth, 1989;
Steptoe, Kearsley, & Walters, 1993; Tooman, 1982, as cited in
Harris, 1987), and participants in step and dance aerobics enjoyed
increases in positive mood and decreases in negative mood (Bara-
basz, 1991; Choi, Van Horn, Picker, & Roberts, 1993; Kennedy &
Newton, 1997; Maroulakis & Zervas, 1993).

Confounds that influence postexercise mood state have also
been examined in contemporary research. A participant's history
of exercise frequency has not appeared to be a relevant factor in
significant mood improvement (Choi et al., 1993; Roth, 1989;
Steptoe et al., 1993). However, those with higher pretest levels of
anxiety may have experienced a greater reduction in that measure
(O'Connor, Petruzzello, Kubitz, & Robinson, 1995). The time of
day in which a participant exercises also has not appeared to be
significant (Maroulakis & Zervas, 1993). With regard to differ-
ences between men and women, however, results have been con-
tradictory. Some research reported no difference (Roth, 1989),
whereas other studies found a stronger association between exer-
cise and mood state in women than in men (Hansen, Moses, &
Gardner, 1997; Morris & Salmon, 1988, and Stephens, 1988, as
cited in Choi et al., 1993).

An additional interesting finding has been that, in general, mood
states appear to be most positive 10-15 min after completion of
exercise (Dyer & Crouch, 1988). However, positive residual ef-
fects have been found after 30 min (Steptoe et al., 1993) and even
after 24 hr (Maroulakis & Zervas, 1993).

In summary, the results of a majority of studies evaluating the
effects of exercise on mood state suggest a positive impact on
one's feefing of well-being. Individuals participating in exercise at

an aerobic level between 50 and 85% of their VO2max (maximum
oxygen consumption in 1 min, calculated as heart rate [HR]
reserve = 220 - age - resting HR; 50 to 85% X HR reserve +
resting HR = target VO2max; American College of Sports Medi-
cine, 1995) may experience reduction in one or more negative
moods, identified as anxiety, depression, anger, fatigue, or confu-
sion. In addition, they may feel an energizing effect from an
increase in vigor. It appears that an exerciser feels this positive
impact beginning 10-15 min after cessation of exercise and re-
gardless of previous exercise history or workout time of day.

None of the studies referenced above addressed the issue of
minimal duration of acute exercise required to achieve significant
positive psychological effects, a question that appears to have been
largely ignored, particularly for aerobic exercise. Yeung's (1996)
extensive review found only four studies that referenced minimal
duration. Hobson and Rejeski (1993, cited in Yeung, 1996) found
no differential mood effects at 10, 25, or 40 min of exercise.
However, three other studies that used less restrictive controls
found that brisk walks of only 5-10 min were sufficient to increase
energy and reduce tension (Thayer, 1987a, 1987b; Thayer, Peters,
Takahashi, & Birkhead-Flight, 1993).

In assessing the changes in mood state before and after exercise,
one must consider many confounds. Factors that may influence the
effects of exercise on mood include gender, age, individual bio-
mechanical differences, fitness status prior to participation, mood
level prior to participation, attitude, expectancy, time of year, time
of day, day of the week, temperature, humidity, weather (if re-
search is conducted outside), participation as a group compared
with participation alone, duration of each session, number of
exercise sessions per week, potential accumulative physical and
psychological effects over time, and the inventory used for
measurement.

Purpose of the Study

As noted above, scant research has been conducted attempting
to determine what length of time in one session of physical activity
may be sufficient to show a positive mood improvement. Recently,
the Centers for Disease Control and Prevention and the American
College of Sports Medicine have shifted their emphasis away from
high levels of aerobic exercise and now recommend that to obtain
beneficial health and fitness effects adults should accumulate 30
min or more of moderate-intensity physical activity daily (approx-
imately 200 calories per day) and that this accumulation may be
accomplished in short bouts of activity throughout the day (Pate et
al., 1995). Moderate-intensity exercise has been defined by the
American College of Sports Medicine (1995) as 60-75% of
HRmax or 50-74% of VO2max. Research that could establish a
minimal duration that may be required to also experience psycho-
logical benefits from a single bout of exercise would also be
helpful to the public. The health psychologist, knowing a minimal
length of time needed to experience positive mood changes, along
with the latest exercise recommendations referenced above, could
then use this information as the basis for exercise prescriptions that
maximize both physical and psychological effects.

Consequently, the intention of this study is to examine the
effects of single bouts of moderate exercise (i.e., 60% of estimated
VO2max) of increasing duration on various mood states in a college
population. In addition, this study corrects for some potential
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deficits of earlier research, including controls for level of exertion,
time of day, and day of week. Additionally, because of suggested
gender differences (Hansen et al., 1997; Morris & Salmon, 1988,
Stephens, 1988, as cited in Choi et al., 1993), only female partic-
ipants were examined in this study. We hypothesized that in all
exercise trials, the participants would show a significant decrease
in negative mood states compared with the resting control trial. In
addition, we hypothesized that as the length of exercise time
increases, the degree of mood improvement also increases.

Method

Participants

Twenty-one college students 20-26 years of age volunteered to partic-
ipate and went through the initial phase of evaluation. To control for gender
effects, we included in the final analysis only the 14 female students who
completed the trials.1 As an incentive to participate, a physical fitness
assessment was conducted for each person prior to testing, and each
participant who completed the study was given a $10 gift certificate. All
participants were enrolled in undergraduate course work and received
course credit for participating in the experiment. Participants were screened
with a health risk questionnaire to assure that participation in exercise
posed no potential physical risk.

Materials

The Physical Activity Readiness Questionnaire (PAR-Q; Thomas, Read-
ing, & Shephard, 1992) was used to screen participants for any history of
physical problems that would contraindicate aerobic exercise. The PAR-Q,
developed by the British Columbia Ministry of Health, is a simple checklist
of symptoms commonly used by fitness centers to screen enrollees in
exercise classes or by other organizations that conduct exercise fitness
testing. The PAR-Q is also useful for screening research participants
(Thomas et al., 1992), and has been effective in detecting the gross
contraindications to exercise that would be revealed by a brief medical
examination (Shephard, Cox, & Simper, 1981).

As an additional screening measure, participants also were asked to
complete a health and exercise history questionnaire (Appendix A), devel-
oped by Cheryl 1. Hansen, prior to testing. It included a request for recent
life events that may have had an emotional impact on the participant.

A standardized physical fitness evaluation using the protocol recom-
mended by the Young Men's Christian Association (YMCA) (Golding,
Myers, & Sinning, 1989) was conducted on the Friday prior to the start of
testing, and the results were provided to the participant after completion of
all testing sessions. Cheryl J. Hansen conducted evaluations with assistance
from advanced exercise physiology students and their professor. The
evaluation included a resting blood pressure and pulse reading and a
measurement of height and weight. It also included an estimate of body fat
composition using the skinfold caliper method measuring three sites (ab-
domen, ilium, and triceps), the total of which was used to calculate percent
fat estimates as indicated in tables prepared by the YMCA (Golding et al.,
1989). Target weight at 23% body fat for women and 16% for men was
also calculated using YMCA tables (Golding et al., 1989). In addition, a
flexibility test was conducted using the modified sit-and-reach method, and
a cardiovascular endurance test was implemented using the YMCA Bike
Test (Golding et al., 1989) protocol, which established the participant's
estimated VO2max level. This fitness evaluation was used only as an
additional incentive to participate; outcomes were not variables in the
present study.

Mood state was measured before and after each test session with the
self-report POMS inventory developed by McNair, Lorr, and Droppleman
(1971), historically the most frequently used measure in exercise and mood
state studies (Yeung, 1996). This test contains 65 adjectives rated on a

5-point scale designed to measure tension-anxiety (T), depression-
dejection (D), anger-hostility (A), vigor-activity (V), fatigue-inertia (F),
and confusion-bewilderment (C). Scale V is negatively related to the other
scales. Internal consistency of the POMS inventory ranges from .84 to .95,
and test-retest reliability coefficients range from .65 to .74. Validity studies
report that high tension scores correlate well with measures of anxiety (r =
.80). Other factors also correlate well with like constructs (Lorr, Klett,
McNair, & Lasky, 1963, and Lorr & McNair, 1963, as cited in McGowan
et al., 1991; McNair et al., 1971).

Prior to the start of research testing, an exercise survey (Appendix B)
designed by Cheryl J. Hansen was administered in introductory psychology
and exercise physiology courses from which participants were recruited for
the study. The questionnaire included statements designed to evaluate an
individual's expectancy of physical and emotional change relating to
participation in exercise. A reliability test of this instrument indicated an
internal consistency coefficient of .84.

To control for socially desirable responses on the POMS, a 20-item
version of the Marlowe-Crowne Social Desirability Scale was adminis-
tered after the last testing session. The reliability of this scale as well as its
internal consistency have been found to closely parallel the original inven-
tory (Fischer & Pick, 1993; Strahan & Gerbasi, 1972). Internal consistency
reliability of the original 33-item Marlowe-Crowne Social Desirability
Scale is reported to be .88 (Crowne & Marlowe, 1960).

Apparatus

The YMCA Bike Test and experimental testing were conducted using
Monark (Monark Ergomedic 818E, Stockholm, Sweden) bicycle ergome-
ters, which provide a selection of workload adjustments in kilograms.
Target heart rate monitors consisted of a transmitter with an elastic strap
worn around the chest of the participant and a wrist receiver that displayed
current heart rate. A standard metronome was used to assist participants in
maintaining a rate of pedaling at 50 r/min during the YMCA Bike Test
protocol.

Procedure

The PAR-Q, Health and Exercise History Questionnaire, and physical
fitness assessment were administered on the Friday prior to testing as part
of the prescreening process. A repeated measures design was implemented
wherein each participant performed in each of the four test conditions.
Immediately before each test, the participant was asked to complete the
POMS inventory, responding to each question exactly as he or she felt at
that moment. Participants exercised either alone or isolated in separate
parts of the exercise facility where they could not see or talk to one another.
Each participant was tested at the same time and on the same day of each
week for 4 consecutive weeks. The four treatment conditions consisted of
the following; Test 1—sitting quietly for 30 min facing a third-floor
window; Test 2—a warmup on the bicycle to bring HR to 60% of estimated

1 Fifty-five lower division undergraduate Introduction to Psychology
and Exercise Physiology students were solicited within their respective
classes and were offered incentives to participate during one summer term.
Of these 55 potential participants, 26 initially volunteered; 5 of these failed
to appear for the scheduled fitness evaluation; 2 dropped out during the
exercise trials; 2 of the remaining 19 participants were screened out for
medical reasons; 1 of the remaining participants failed to complete the
POMS; and 2 of the remaining participants were male and were excluded
because of recent studies showing gender effects on the relationship
between exercise and mood state (Hansen et al., 1997; Morris & Salmon,
1988, and Stephens, 1988, as cited in Choi et al., 1993). Only the partic-
ipants who completed all phases of the study were included in the final
analysis.
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Table 1
Mean Pre-Post POMS Differences (SDs) and F Ratios

Duration of aerobic exercise (min)

Mood

Tension
Depression
Anger
Vigor
Fatigue
Confusion
Total mood

0

-2.86 (4.19)
-1.21(1.67)
-0.07(1.00)
-4.64 (4.22)

0.50 (2.44)
-0.07 (2.20)

1.36(7.62)

10

-3.21 (3.85)
-0.29 (0.99)
-0.93 (2.70)

1.21 (6.47)
-3.85 (4.57)
-1.07(1.33)

-12.00(12.63)

20

-4.57 (3.99)
-1.93(2.40)
-1.29(2.16)

1.86(4.44)
-3.79 (3.95)
-2.86 (2.68)

-15.79(13.80)

30

-4.29 (4.60)
-1.86(2.19)
-1.21(1.63)

0.57(8.13)
-2.79 (3.36)
-2.07 (2.64)

-11.50(16.41)

F(3, 39)

0.86
2.60
1.27
3.99*
4.05
5.05**
5.62**

Note. Negative mood scores reflect a decrease in the respective mood from pre- to posttreatment. POMS =
Profile of Mood States.
*p < .05. **p < .005.

VO2m« and maintaining that level while pedaling the bicycle ergometer
for 10 min; Test 3—a warmup to bring HR to 60% of estimated VO2max

and maintaining that level while pedaling the bicycle ergometer for 20 min;
and Test 4—a warmup to bring HR to 60% of estimated VO2max and
maintaining that level while pedaling the bicycle ergometer for 30 min.
During each warmup, the work load was gradually increased to a level that
allowed the participant to comfortably maintain HR at 60% of maximum
during the testing period. To allow for HR reduction, to avoid the possi-
bility of a state of tension and fatigue that may initially follow cessation of
exercise and thus negatively impact mood state, and to be consistent with
the recommended cooldown period following a workout (Dyer & Crouch,
1988), we followed each bicycle testing period with a 10-min cooldown on
the bicycle using a lower workload. During each testing period, the
participant wore an HR monitor and was instructed to maintain estimated
60% target HR within five beats by adjusting the speed of pedaling.
Current HR was recorded at the end of the 10-min cooldown. After the
cooldown, participants were again given the POMS inventory with a
request to answer each question exactly as they felt at that moment. After
the POMS had been completed during the last testing session, each par-
ticipant was asked to complete the Marlowe-Crowne inventory. To control
for possible order effects, we randomly assigned participants to a test order.
After completion of all testing sessions, each participant was given an
interpretation of the results of his or her physical fitness assessment
together with a $10 gift certificate. Questions about the nature of this study
were addressed at that time.

Results

Planned, separate, within-subject factorial analyses of variance
(ANOVAs) were used to analyze the scale differences in pre- to
posttesting for each of the seven mood categories. An alpha level
of .05 was used for all statistical tests.2 Results are reported in
Table 1 and Figures 1-7.

No significant improvement in mood state across levels of
testing was found for tension, depression, or anger. With regard to
the remaining variables, however, a significant decrease in fatigue
was observed, F(3, 39) = 4.05, p = .013; a significant improve-
ment in vigor was found across levels of testing, F(3, 39) = 3.99,
p = .014; and a decrease in confusion was also significant, F(3,
39) = 5.05, p = .005.

The sum of the scores of five of the scales from the POMS
inventory (tension, depression, anger, fatigue, and confusion) mi-
nus vigor also yields a total mood score. ANOVA results of the

total mood score were found to be significant, F(3, 39) = 5.62,
p = .003 (see Table 1).

To evaluate the possibility that the participants' desire to re-
spond in a socially appropriate manner affected postexercise
scores, we computed a Pearson product-moment correlation be-
tween Marlowe-Crowne scores and all pre-post inventory differ-
ence scores and found no significant correlations.

To test our hypothesis that with each increasing duration of
exercise, negative mood states would decrease significantly, we
conducted planned comparisons using paired / tests to evaluate the
scale differences from one time level to the next. An increase in
vigor, r(13) = -3.04, p = .01, a decrease in fatigue, f(13) = 2.88,
p = .013, and a decrease in total negative mood, f(13) = 3.19, p =
.007, were significant when comparing testing between 0 and 10
min. A trend toward a decrease in confusion from 0 to 10 min,
r(13) = 1.90, p = .08, reached significance from 10 to 20 min,
f(13) = 2.83, p = .014. A comparison of 10 min with 20 min or 20
min with 30 min indicated no additional significant improvements
in mood state.

By comparison, Figures 1, 2, and 3 present the nonsignificant
mood changes for tension, depression, and anger, respectively.
Figure 4 demonstrates the rather dramatic and significant increase
in vigor in a comparison of 0 min with 10 min. Figure 5 presents
a similarly strong and significant decrease in fatigue in a compar-
ison of 0 min with 10 min. Figure 6 shows the consistent decrease
in confusion from 0 min to 20 min. Finally, total mood score
comparisons between 0 and 10 min, as indicated in Figure 7, also
showed a significant decrease in total negative mood.

To determine whether the significant results obtained above
were related to participants' expectations of exercise, we computed
correlations between expectations (Questions 1-4 on the exercise
survey), how exercise makes an individual feel (the fifth question),

2 The alpha level for significance was not adjusted for potentially ex-
cessive familywise error rate because of the presence of planned orthog-
onal analyses and the relatively small number of tests conducted (Hays,
1988; Rosenthal & Rosnow, 1984). Nonetheless, the familywise error rate
obtained from these analyses was an acceptable .035, suggesting a low
likelihood of capitalizing on chance outcomes in these analyses.
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10 20

Minutes

30

Figure 1. Pre- to postexercise changes in tension by duration of exercise.
Negative scores indicate a decrease. The vertical lines represent ± 1 SE.
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10 20
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30

Figure 3. Pre- to postexercise changes in anger by duration of exercise.
Negative scores indicate a decrease. The vertical lines represent ± 1 SE.

and the difference scores in total mood for 0, 10, 20, and 30 min.
We found no significant relationships among these variables.

To rule out the potential effects of participants' fitness levels
and heart rate recoveries on mood state, we examined correlations
between estimated VO2max levels (which ranged from 24.83
to 61.80 with a mean of 36.55) and HRs after cooldown (which
ranged from 84 to 130), with total mood score differences at 0,
10, 20, and 30 min. We found no significant correlations, suggest-
ing that fitness level and heart rate recovery after exercise were not
related to the amount of improved mood state.

Average room temperature was correlated with each mood cat-
egory as well as with total mood score differences at 0, 10, 20,
and 30 min. A significant correlation was found between room
temperature after 30 min of exercise and tension, fatigue, and total
mood score (r = .68, p < .001; r = .74, p < .001; and r = .69,
p < .001, respectively). These results suggest that although room
temperature may not be a significant factor in the amount of
improvement in negative mood state during short periods of exer-
cise, it may become a factor that negatively affects the degree of
improvement in tension, fatigue, and total mood during longer
periods of exercise.

,
-6

-8
10 20 30

Minutes

Figure 2. Pre- to postexercise changes in depression by duration of
exercise. Negative scores indicate a decrease. The vertical lines represent
±1 SE.

Additionally, potential effects of the order of presentation of
exercise conditions were examined through separate multivariate
analyses of variance (MANOVAs) for each of the four exercise
conditions across the seven POMS variables. None of these anal-
yses revealed significant order effects.

Discussion

One of the purposes of this study was to attempt to establish a
minimal duration of exercise from which positive psychological
benefits may accrue. In general, the results suggest that in this
population, exercising for 10 min at an aerobic level of 60% is
sufficient for increasing vigor, decreasing fatigue, and decreasing
total negative mood state. In addition, the results suggest that
confusion may improve as well but be slower to diminish, with
significant changes occurring only after 20 min. It appears that
with this female college sample, estimated level of physical fit-
ness, amount of heart rate recovery during a 10-rnin cooldown, and
expectations of the benefits of exercise can be ruled out as con-
tributory factors in mood improvement. These results, then, com-
plement recommendations by the Centers for Disease Control and
Prevention and the American College of Sports Medicine for 30
min or more of daily moderate physical activity carried out in short

4

2

c
BJ
5 -2\

i
2 -4

-6

10 20 30

Minutes

Figure 4. Pre- to postexercise changes in vigor by duration of exercise.
Negative scores indicate a decrease. The vertical lines represent ± 1 SE.
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Figure 5. Pre- to postexercise changes in fatigue by duration of exercise.
Negative scores indicate a decrease. The vertical lines represent ± 1 SE.
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Figure 7. Pre- to postexercise changes in total mood by duration of
exercise. Negative scores indicate a decrease. The vertical lines represent
±1 SE.

bouts throughout the day, as a means of obtaining improved
physical fitness and positive health benefits (Pate et al., 1995).
This study suggests that 10-min bouts may provide some measure
of psychological benefit as well, at least to a college-age popula-
tion, with little improvement from longer workouts, with the
exception of diminished confusion. These results offer initial,
tentative guidelines for the prescription of aerobic exercise toward
the enhancement of psychological health.

As noted above, no significant improvement in mood state
across levels of testing was found for tension, depression, or anger.
This finding may have resulted from the low scores found at
pretest assessment, which averaged 7.06, 2.07, and 1.45, respec-
tively. Norms for female college students and for female adults
between the ages of 18 and 65 are reported to be 8.5 and 12.8 for
tension, 5.9 and 10.2 for depression, and 5.6 and 9.7 for anger
(McNair et al., 1992). Pretest scores found in this research sample
are low enough for one to assume that there was little or no room
for improvement in these mood dimensions. In future research it
would be of interest to explore duration and the effects of exercise
on tension, depression, and anger with a sample having higher
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Figure 6. Pie- to postexercise changes in confusion by duration of
exercise. Negative scores indicate a decrease. The vertical lines represent
±1 SE.

pretest mood scores, assuming, of course, that such positive effects
would result from aerobic exercise.

The remaining results of this study contribute to 2 decades of
research indicating that the acute effects of exercise include "the
alleviation of negative mood states . . . [as well as] the enhance-
ment of positive mood" (Yeung, 1996, p. 124). As in the present
study, Tooman (1982, as cited in Harris, 1987) and Maroulakis and
Zervas (1993) also found less confusion in participants after a
single bout of exercise. In addition, Maroulakis and Zervas found
a significant increase in vigor, and both they and Barabasz (1991)
found a significant decrease in total negative mood score. When
one is evaluating statistical significance in research, it is often
useful to consider what importance the results may have when
applied outside of the laboratory setting. When we reviewed the
total negative mood score at the 10-min testing level in the current
study, the pretest mean was 4.67 and the posttest mean was —5.20.
McNair et al. (1992) indicated that norms for total mood were 16.3
for college females and 33.4 for adult females between the ages
of 18 and 65. It is apparent that this sample of college women was
significantly below the norm for negative mood initially. Addi-
tionally, the remarkable drop in negative mood to -5.20 implies
that for a sample already very low in negative mood, a meaningful
benefit may accrue after only 10 min of exercise.

Of course, other variables could affect an individual's mood
state after exercise. Some of those considered in this study in-
cluded the participant's estimated VO2max level, HR after
cooldown, and the temperature of the room during the biking
session. We found no correlation between estimated VO2max and
HR when compared with total mood score across all four testing
levels. However, a correlation between room temperature during
the 30-min exercise session and tension, fatigue, and total mood
was found to be significant. Mean room temperatures at each
duration of exercise were 75.6°F at 10 min, 74.TF at 20 min,
and 74.25°F at 30 min. With such a narrow difference in mean
temperatures, it is possible that the correlation between room
temperature and 30 min of exercise indicates that ambient temper-
ature becomes a more important factor affecting tension, fatigue,
and total negative mood during longer periods of exercise.

Although a strength of the present study was the reduction of
error variance through application of a repeated measures design,
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Table 2
Power Analysis

POMS
Mood

Tension
Depression
Anger
Vigor
Fatigue
Confusion
Total mood

Observed
power

.220

.594

.312

.797

.803

.889

.921

-n2

.062

.167

.089

.235

.237

.280

.302

Estimated
effect
size

.253

.447

.310

.554

.557

.624

.657

Note. POMS = Profile of Mood States Inventory, rj2 = amount of
variability in mood state explained by exercise.

the relatively small number of participants could have created a
corresponding deficit in the reduction of power across the analy-
ses. To test this possibility, we conducted separate power analyses
for each initial POMS mood state analysis. Results of this power
analysis, including not only the observed power but also the
amount of variability in the respective mood state explained by
exercise (-rj2) and the estimated effect size (f), are reported in Table

2 (Cohen, 1988). This post hoc analysis indicates small effect sizes
and very low power for the number of participants used in this
study across the variables of tension and anger, with only 22% and
31% probabilities, respectively, of rejecting the null hypothesis.
Probability increases to nearly 60% for the variable of depression.
However, for the POMS variables of vigor, fatigue, confusion, and
total mood, probabilities of rejecting the null hypothesis increase
to 80%, 80%, 89%, and 92%, respectively, for the available
number of participants, with correspondingly large effect sizes.
For these latter measures, 24%-30% of the variability in mood
state is accounted for by exercise. Although a larger number of
participants, as well as higher base rates of tension, depression, and
anger, may well have increased power and allowed a demonstra-
tion of exercise effects on these variables, the relatively small
sample size and repeated measures design enabled an anticipated
moderate to large magnitude of effect of exercise to produce
significant increases in vigor and decreases in fatigue, in confu-
sion, and in total negative mood. These salubrious effects of
aerobic exercise on psychological mood now await replication and
extension into other affective as well as temporal dimensions.
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Appendix A

Health and Exercise History Questionnaire

Name
Telephone No..
Ethnicity

Birth Date. Date.
Sex. Occupation.

Are you a student?
Are you on any medications?.
Do you smoke?

Full time
Height
or Part time.

Weight
Grade level.

If yes, please identify type and how long.

Have you smoked in the past?.
If yes, how many cigarettes/cigars per day

How long has it been since you quit?
How often do you drink alcoholic beverages? Number of drinks.
Have you ever had

high blood pressure
injuries to back, neck, knee.

heart trouble.
diabetes

epilepsy.
asthma

swollen, stiff or painful joints.
In the past year have you experienced

chest pain back/neck pain
surgery if yes, what type?

Have any of your blood relatives had heart disease, heart surgery, or angina?
Have you engaged in some form of exercise regularly during the past year?
In the past six months? If so, what type?
Duration each session? Times per week?
Do you have any discomfort, shortness of breath, or pain with moderate exercise?_
In the past six months have you experienced any traumatic events which may have caused severe sadness, anxiety, or depression?.

If yes, please briefly describe

In the past six months have you experienced any extremely exciting or exhilarating events?
If yes, please briefly describe
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Appendix B

Exercise Survey

Your Initials. Your Birth Date.
Please respond to the following questions by rating each in the blank space as follows:

1—none; 2—a little; 3—a moderate amount; 4—quite a lot; 5—an extreme amount
1) To what extent do you expect aerobic exercise to improve your physical fitness?
2) To what extent do you expect aerobic exercise to improve your overall health status?.
3) To what extent do you expect aerobic exercise to reduce your level of stress?.
4) To what extent do you expect aerobic exercise to increase your sense of well-being?.
Please provide brief answers to the following:
On a scale of one to five, how does exercise make you feel (circle a number)?

1 (terrible) 2 3 4 5 (exhilarated)
Do you exercise regularly? On average, how many days per week?
Does exercise help you to feel better?
Does exercise make you feel worse?
If exercise helps you feel better, how long do you have to exercise each time you work out to feel better?.
If exercise makes you feel better, why do you think it has this effect on you?
If exercise makes you feel worse, why do you think it has this effect on you?
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