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Applied Research Brief: Fitness

Television Viewing: Moderator or Mediator of an
Adolescent Physical Activity Intervention?
Dan J. Graham, MA; Margaret Schneider, PhD; Dan M. Cooper, MD

Abstract

Purpose. To determine whether the amount of television (TV) watched by participants
enrolled in a physical activity intervention mediates or moderates program effectiveness.

Design. Nine-month, controlled, school-based physical activity intervention.
Setting. Public high school.
Participants. One hundred twenty-two sedentary adolescent females (mean 6 standard

deviation age 5 15.04 6 0.79 years).
Intervention. Supervised in-class exercise, health education, and internet-based self-

monitoring.
Measures. Physical activity by 3-day physical activity recall; TV viewing by self-reports;

cardiovascular fitness by cycle ergometer.
Analysis. T-tests were conducted to examine between-group differences. Linear regression

equations tested the mediating or moderating role of TV watching relative to the intervention.
Results. TV viewing moderated the intervention’s effect on vigorous activity; the intervention

significantly predicted change in physical activity among high (b 5 2.45; p , .001), but not
among low (p . .05), TV watchers. TV viewing did not mediate the intervention effect.

Conclusions. Consistent with displacement theory, adolescents who watched more TV prior to
the intervention showed postintervention increases in vigorous physical activity and
concomitant decreases in TV viewing, whereas those who watched less TV showed no change in
physical activity or TV viewing. (Am J Health Promot 2008;23[2]:88–91.)

Key Words: Physical Activity, Television, Obesity, Adolescents, Intervention.
Manuscript format: research; Research purpose: relationship testing; Study design:
quasiexperimental; Outcome measure: behavioral; Setting: school; Health focus:
fitness/physical activity; Strategy: skill building/behavior change; Target population:
youth; Target population circumstances: fitness, age, body mass index

PURPOSE

Television (TV) has been implicated
in the growing epidemic of childhood
obesity in the United States.1 Results of
a nationally representative survey of 8-
to 18-year-olds in the United States

revealed that, on average, members of
this demographic group use some
form of media between 6 and 7 hours
daily, with TV accounting for approx-
imately half of this total.2 Since the
mainstream introduction of TV, dis-
placement theories have been pro-
posed that suggest that time spent

watching TV displaces time spent
engaging in other pursuits.3,4 Physical
activity (PA) is one pursuit that may be
displaced by TV viewing. Displacement
of PA by TV viewing could harm public
health by altering energy balance and
promoting weight gain. The present
study seeks to determine whether the
amount of TV watched by participants
in a PA intervention will mediate or
moderate program effectiveness.

TV viewing could behave as a mediator
if the intervention leads to decreased TV
viewing and then to increased PA. De-
creasing TV viewing was not an inter-
vention goal; however, the displacement
hypothesis implies that this mediation is
a possibility worthy of investigation.
Another possibility that will be investi-
gated is that TV viewing might act as an
intervention moderator. If TV viewing
functions as a moderator, high-TV view-
ers would show a different PA outcome
after the intervention than low-TV view-
ers. Based on the notions that TV viewing
might displace some PA time and that
adolescents who spend a lot of time
watching TV have a relatively larger
reservoir of potentially active time, we
hypothesize that participants who are
more prolific TV consumers at baseline
(i.e., those who have more available
minutes to potentially reallocate from
TV viewing to PA) will show a greater
increase in PA after the intervention
than those who watch less TV.

METHODS

Design

A 9-month, controlled, school-based PA
intervention was conducted at two Southern
California high schools. Intervention details
are presented elsewhere.5 The schools were
similar in size, demographics, and academic
achievement (i.e., the ethnic distributions,
Academic Performance Indicator scores, and
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percent of students qualified for meal sub-
sidies were very similar at the two schools).
Both schools offered physical education 5
days per week for one class period. All tests
were performed at a university-based general
clinical research center.

Sample

Participants were sedentary adolescent
females (N 5 122; mean 6 standard deviation
(SD) age 5 15.04 6 .79 years) who were
recruited via flyers at two public high schools.
Sedentary was defined as not meeting Centers
for Disease Control and Prevention PA
criteria6 (i.e., three vigorous or five moderate
exercise sessions per week). Sedentary status
was confirmed by excluding volunteers who
scored in the top 25th percentile for their age
of the baseline cardiovascular fitness test.
Parents/guardians provided informed con-
sent, and adolescents assented to the proce-
dures. The study was approved by the in-
stitutional review board at the University of
California, Irvine. Adolescent females are of
special concern because they engage in less
PA compared with boys and are therefore at
greater risk for the negative health conse-
quences of inactivity7; 72% of high school
girls do not meet current Centers for Disease
Control and Prevention PA recommenda-
tions8; and, during high school, females move
from active to sedentary status at a dispropor-
tionately high rate.9 Participants were as-
signed to the intervention (n 5 63) or the
comparison (n 5 59) group based on the

school attended. The participants’ average
VO2max was mean 6 SD 5 23.6 6 4.4 ml/
min/kg, and the average BMI was 23.0 6 4.2.
Table 1 includes the participants’ ethnic
distribution.

Measures

Cardiovascular Fitness. Cadiovascular fit-
ness was measured via cycle ergometer. A
ramp-type, progressive exercise test on the
electronically braked ergometer was con-
ducted to determine each participant’s
peak oxygen consumption (VO2peak; L/
min). Participants warmed up by cycling for
3 minutes with no resistance (i.e., 0 W),
after which they pedaled at a rate of 70
revolutions per minute (rpm) while the
power output increased progressively by
15 W per minute. The test ended after 8 to
12 minutes when the participant became
too fatigued to pedal at 70 rpm. The
SensorMedics Vmax 229 metabolic cart
(SensorMedics, Yorba Linda, CA) measured
VO2peak by using a method designed for
children and adolescents.10

Body Mass Index. Body mass index (BMI;
weight/height2) was assessed by using stan-
dard, calibrated scales and stadiometers.

Activity Level. Activity level was assessed via

3-day PA recall (3DPAR). Activities were
converted into metabolic equivalents
(METs) with the compendium published by
Ainsworth et al.11 and were aggregated to

calculate average daily minutes spent en-
gaging in moderate (3–6 METs) and vigor-
ous (.6 METs) activity.

TV Viewing. TV viewing, assessed via self-
report methods, included hours spent
watching both TV programming and vi-
deos. A median split divided the partici-
pants into high- and low-TV groups.

Intervention
Participants attended supervised exercise

sessions 4 days per week throughout the
school year (approximately 40 minutes of PA
per session). Health education was provided
during class on the fifth day. The supervised
PAs were determined in part by participant
preferences and included both aerobic (three
times per week, including aerobic dance,
kickboxing, and brisk walking) and strength-
building (one time per week, including
weightlifting and yoga) activities. The inter-
vention effectively increased average levels of
PA and cardiovascular fitness among the
participants.5 Participants at the comparison
school were given no special instructions
regarding physical activity; many participated
in standard physical education.

Analysis
Three participants were removed from

data analyses because of outlying (.3 stan-
dard deviations from the mean) data values
on time spent watching TV or engaging in
vigorous PA. Student’s independent-sample t-
tests were used to test for participant differ-

Table 1

TV Viewing, Physical Activity, and Participant Ethnicity*

All Participants Intervention Participants Only Comparison Participants Only

Low TV High TV Low and High Low TV High TV Low and High Low TV High TV Low and High

Sample size 62 57 119 25 35 60 37 22 59

TV viewing, h/d (SD)�

Baseline 0.98a (0.49) 3.20a,k (1.56) 2.04 (1.59) 1.11b (0.40) 3.10b,l (1.69) 2.27 (1.65) 0.89c (0.53) 3.35c (1.36) 1.81 (1.51)

9 months 1.19d (0.86) 2.37d,k (1.98) 1.76 (1.61) 1.31e (0.98) 2.26e,l (1.49) 1.86 (1.37) 1.10f (0.77) 2.56f (2.62) 1.65 (1.83)

Vigorous PA, METS/d (SD)`

Baseline 0.59 (0.73) 0.57m (0.68) 0.58 (0.70) 0.63 (0.73) 0.71n (0.70) 0.68 (0.71) 0.57 (0.73) 0.35 (0.61) 0.49 (0.69)

9 months 0.70 (0.60) 0.84m (0.55) 0.77 (0.58) 0.79 (0.57) 1.03g,n (0.39) 0.93h (0.48) 0.64 (0.62) 0.55g (0.63) 0.61h (0.62)

Ethnicity, No. (%)

Caucasian 35 (57) 32 (56) 67 (56) 18 (72)i 21 (60) 39 (65) 17 (46)i 11 (50) 28 (48)

Asian 10 (16) 11 (19) 21 (18) 3 (12) 7 (20) 10 (17) 7 (19) 4 (18) 11 (19)

Latina 13 (21) 10 (18) 23 (19) 3 (12) 4 (11) 7 (12)j 10 (27) 6 (27) 16 (27)j

Other 4 (6) 4 (7) 8 (7) 1 (4) 3 (9) 4 (7) 3 (8) 1 (5) 4 (7)

* TV viewing and physical activity reported at baseline and at 9 months.
� SD indicates standard deviation; PA, physical activity; METS, metabolic equivalents.
` METS were log-transformed because of skewness in the distribution.
a–n p , 0.05 for pairwise differences between corresponding lettered values.
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ences (i.e., age, ethnicity, VO2max, BMI, TV
viewing time, and amount of vigorous
activity) between groups (i.e., high- and low-
TV groups overall, intervention and com-
parison groups overall, and high- and low-
TV groups within the intervention and
comparison groups) at baseline. Regression
analyses were conducted using SPSS soft-
ware version 13.0 (SPSS, Chicago, Illinois).
In a hierarchical equation that predicted
postintervention vigorous activity, baseline
vigorous PA and ethnicity were entered on
the first step. Group (intervention vs. com-
parison) and TV viewing (high vs. low) were
added on the second step; the group by TV
viewing interaction was entered on the third
step to determine whether the effect of the
intervention was moderated by the level of
TV viewing. The three-step regression test
for mediation described by Baron and
Kenney12 was also employed.

McClelland and Judd13 suggest adopting
an alpha greater than .05 as one way
researchers can ‘‘improve their chances of
detecting interactions.’’ Accordingly, the
possibility of moderation was examined for
any interaction that trended towards con-
ventional levels of significance at the p ,

.10 level.

Following the hierarchical regression test
of moderation, separate regression models
of postintervention PA were fit for high-
and low-TV groups. Baseline vigorous ac-
tivity and ethnicity were again entered as
control variables.

Post hoc analyses were conducted to
examine change over time in PA and TV
viewing. Paired t-tests examined the changes
in vigorous activity and TV viewing over time
within each of the four subgroups: high-TV
intervention, low-TV intervention, high-TV
comparison, and low-TV comparison.

RESULTS

Group Comparisons

Table 1 presents the between-group
comparisons for ethnicity, TV viewing,
and vigorous PA. Comparisons were
also made for age, VO2max, and BMI,
but this data is not included in Table 1,
as there were no significant differences
between any of the groups for these
variables. The only significant differ-
ence between intervention and com-
parison groups at baseline was in
ethnic distribution. The intervention
group had a smaller proportion of
Latina participants (t[117] 5 22.16; p
, .05) than the comparison group.

There were no significant differ-
ences between high-TV viewers at the
intervention and the comparison
schools. The low-TV group at the
intervention school included a higher
percentage of Caucasian students than
the low-TV group at the comparison
school (t[60] 5 2.07; p , .05); this was
likely because of the greater propor-
tion of Caucasian students enrolled in
the intervention school compared with
the comparison school.

As expected, t-tests that compared
the high- and low-TV groups within
each school revealed significant differ-
ences in TV viewing time. At the in-
tervention school, high-TV group
members watched an average of mean
6 SD 5 3.1 6 1.7 hours of TV per day at
baseline, and the low-TV group watched
1.1 6 0.4 hours per day (t[58] 5 25.8; p
, .001). At the comparison school, the
high-TV group watched 3.4 6 1.4 hours
of TV per day at baseline versus .9 6

.5 hours for the low-TV group (t[57] 5

29.9; p , .001). There were no other
differences between the high- and low-
TV groups within either school.

Test for Moderation
Based on the hierarchical multiple

regression analysis, the interaction
between intervention condition and
TV viewing approached conventional
levels of significance (p , .08), which
suggests that the intervention’s impact
on vigorous PA depended upon base-
line TV viewing (Table 2). Therefore,
the association of the intervention with
exercise behavior was examined sepa-
rately in the high- and low-TV groups.

The regression model for the high-
TV group revealed that the interven-
tion was a significant predictor of PA
among high-TV watchers (b 5 2.45; p
, .001). The regression model for the
low-TV group did not reveal a signifi-
cant effect of the intervention on PA
for low-TV watchers (p . .05).

Test for Mediation
The first step of Baron and Kenny’s12

test of mediation (which regresses the
independent variable on the dependent
variable) revealed that intervention sta-
tus was a significant predictor of post-
intervention vigorous PA (b 5 2.28; p ,

.01). The second step of the mediation
test revealed that the potential mediator
(change in TV viewing) did not signif-
icantly predict PA (p . .05), which

suggests that TV viewing was not a me-
diator of the relationship between in-
tervention status and vigorous PA.

Post Hoc Analyses
The average hours spent watching

TV decreased significantly (from 3.1 6

1.7 h/d to 2.3 6 1.5 h/d) for the
intervention/high-TV group (t[34] 5

2.1; p , .05). For low-TV participants in
the intervention group, TV viewing
time did not change over the course of
the intervention (p . .05). TV viewing
time did not change for participants in
either the high- or low-TV group at the
comparison school (p . .05).

Vigorous PA increased significantly in
the intervention/high-TV group (from
12.0 6 14.7 to 13.1 6 7.3 METs; t[33] 5

22.1; p , .05). The intervention/low-TV
group did not show any significant
change in vigorous PA. Vigorous activity
did not change significantly for partici-
pants in the high- or low-TV group at the
comparison school (p . .05).

DISCUSSION

Summary
The regression results and the com-

parisons of pre- and post- activity levels
and TV viewing provide evidence that TV
viewing may be displacing some PA
among these adolescents. Analyses sup-
ported a moderating, but not a mediat-
ing, role of TV viewing in the relation-
ship between the intervention and PA.
Specifically, moderation was evidenced,
in that adolescents who were above the
median in TV viewing at baseline showed
postintervention increases in vigorous
PA and simultaneous decreases in TV
viewing, whereas those who were below
the median for TV viewing showed no
change in vigorous PA or in TV viewing.
These results suggest the possible dis-
placement of PA with TV viewing. The
displacement is not one-to-one (i.e., PA
did not increase as much as TV viewing
decreased), yet the increase in PA is
meaningful and, if sustained, would be
likely to translate into health benefits.

These results and a recent review
article14 that addressed the influence of
the media environment on PA and that
reported that the evidence for displace-
ment is mixed, suggest that further
investigation of the displacement hy-
pothesis is warranted. Indeed, although
displacement has been demonstrated in
individual studies of child and adult
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populations as well as in a recent meta-
analysis examining children’s media use
and PA, some of the most methodolog-
ically rigorous research in the area has
turned up only limited support for the
displacement hypothesis.14

Limitations

Participants in this study were not
randomly assigned to watch high or low
amounts of television. Although the
high- and low-TV groups were compara-
ble in key characteristics, it is possible
that another factor that differed between
these groups could have accounted for
the differential response to the inter-
vention. Further, although key compar-
isons were made between the high- and
low-TV groups within the intervention
school, it is important to note that
participants were not randomly assigned
to control and intervention conditions,
and the control school had a significantly
larger proportion of ethnic minority
students. The presence of a nonidentical
comparison sample may be a source of
bias in the findings. Future studies would
benefit from more nearly matching the
intervention and comparison groups,
ideally by randomly assigning partici-
pants to conditions. There may also have
been floor effects for indicators of fitness
and PA (because of the study selection
criteria) that resulted in the high- and
low-TV groups showing no differences
on these indicators. One might other-
wise expect to see lower fitness and PA
among high-TV viewers. Whether these
results generalize to populations other
than sedentary teenage girls has not yet
been tested. The present analyses relied
heavily upon self-reported data, which is

subject to many sources of potential
error. Consistent results from studies
that employ objective measures of PA
(e.g., an accelerometer) and TV viewing
(e.g., an automatic viewing log) would
strengthen our assertion of moderation.

Significance

These results suggest that sedentary
adolescent girls who spend a lot of time
watching TV may derive a greater benefit
from a school-based PA intervention
than peers who watch less TV. An
implication is that specific types of PA
interventions could be more effective
among girls who watch more TV, and
other interventions would be more
effective among girls who watch less TV.
Matching individuals with appropriate
interventions would improve both pro-
gram effectiveness and cost effectiveness
(i.e., money would not be spent un-
successfully attempting to influence be-
havior of a group via means inappropri-
ate for that population).
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Table 2

Results of Hierarchical Regression Analyses for Variables Predicting Postintervention Vigorous PA� (N = 119)

Variable

Model 1 Model 2 Model 3

B SE B b B SE B b B SE B b

Baseline vigorous PA 0.047 0.076 0.057 0.027 0.074 0.033 0.012 0.074 0.015

Ethnicity 0.196 0.107 0.168* 0.157 0.105 0.135 0.177 0.105 0.153

Intervention condition 20.281 0.107 20.243** 20.103 0.146 20.089

Television viewing 0.097 0.105 0.084 0.280 0.146 0.242*

TV 3 intervention 20.375 0.210 20.252*

F(df,df) 2.078 (2,116) 3.435 (4,114)** 3.439 (5,113)***

DR 2 0.073 0.025

R 2
adjusted 0.018 0.076 0.094

� PA indicates physical activity.
* p , 0.08; **p , 0.05; ***p , 0.01 (two-tailed tests).

November/December 2008, Vol. 23, No. 2 91

For individual use only. 
Duplication or distribution prohibited by law.



A fusion of the best of science and the best of practice —

together, to produce the greatest impact.

Stay on top of the science and art of health promotion with
your own subscription to the American Journal of
Health Promotion.

“ The American Journal of Health Promotion provides a forum for that rare commodity
— practical and intellectual exchange between researchers and practitioners. ”

Kenneth E. Warner, PhD
Avedis Donabedian Distinguished University Professor of Public Health
School of Public Health, University of Michigan

“ The contents of the American Journal of Health Promotion are timely, relevant, and
most important, written and reviewed by the most respected researchers in our field. ”

David R. Anderson, PhD
Vice Programs and Technology, StayWell Health Management

Definition of Health Promotion
“Health Promotion is the art and science of helping people
discover the synergies between their core passions and optimal
health, enhancing their motivation to strive for optimal health,
and supporting them in changing lifestyle to move toward a state
of optimal health. Optimal health is a dynamic balance of
physical, emotional, social, spiritual and intellectual health.
Lifestyle change can be facilitated through a combination of
learning experiences that enhance awareness, increase motivation,
and build skills and most importantly, through creating
opportunities that open access to environments that make positive
health practices the easiest choice.”

(O’Donnell, American Journal of Health Promotion, 2009, 24,1,iv)

DIMENSIONS OF
OPTIMAL HEALTH

Subscribe today...
ANNUAL SUBSCRIPTION RATES: (Availalble 1/1/10. Good through 12/31/10)

Individual Institution Institution Institution
Print & Online Print Only Online Only Print & Online

U.S. $139 $177 $359 $359

Canada and Mexico $148 $186 $359 $368

Other Countries $157 $195 $359 $377

CALL 800-783-9913 (U.S. ONLY) or 818-760-8520
OR FIND US ON THE WEB AT
http://www.HealthPromotionJournal.com

Editor in Chief
Michael P. O’Donnell, PhD, MBA, MPH
Associate Editors in Chief
Margaret Schneider, PhD
Jennie Jacobs Kronenfeld, PhD
Shirley A. Musich, PhD
Kerry J. Redican, MPH, PhD, CHES

SECTION EDITORS
Interventions
Fitness

Barry A. Franklin, PhD
Medical Self-Care

Donald M. Vickery, MD
Nutrition

Karen Glanz, PhD, MPH
Smoking Control

Michael P. Eriksen, ScD
Weight Control

Kelly D. Brownell, PhD
Stress Management

Cary Cooper, CBE
Mind-Body Health

Kenneth R. Pelletier, PhD, MD (hc)
Social Health

Kenneth R. McLeroy, PhD
Spiritual Health

Larry S. Chapman, MPH

Strategies
Behavior Change

James F. Prochaska, PhD
Culture Change

Daniel Stokols, PhD
Health Policy

Kenneth E. Warner, PhD
Population Health

David R. Anderson, PhD

Applications
Underserved Populations

Ronald L. Braithwaite, PhD
Health Promoting Community Design

Bradley J. Cardinal, PhD
The Art of Health Promotion

Larry S. Chapman, MPH

Research
Data Base

Troy Adams, PhD
Financial Analysis

Ron Z. Goetzel, PhD
From Evidence-Based Practice to
Practice-Based Evidence

Lawrence W. Green, DrPH
Qualitative Research

Marjorie MacDonald, BN, PhD
Measurement Issues

Shawna L. Mercer, MSc, PhD

f
Online

subscriptionsnow available




