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Abstract
Background While there is emerging research outlining the
physiologic cost of the physically interactive Nintendo Wii,
there are no evaluations of the relative reinforcing value
(RRV) of the Wii versus a sedentary alternative.
Purpose The purpose of this study is to evaluate the
physiologic cost, RRV, and liking of playing Wii Sports
Boxing (Wii) versus a traditional sedentary video game
(SVG) in 11 lean and 13 overweight/obese 8- to 12-year-
old children.
Methods Heart rate (HR) and VO2 were assessed during
rest, treadmill walking, and playing an SVG and Wii using
a counterbalance design. Liking was assessed during
treadmill walking and video game play. RRV was assessed
for Wii versus SVG.
Results Average HR, VO2, and liking were significantly
greater for Nintendo Wii (p≤0.001 for all) than all other
conditions. Lean children displayed a greater (p<0.001)
peak responding for access to Wii relative to the SVG while
overweight/obese children did not (p≥0.16).
Conclusion Wii was a well-liked activity of greater
physiologic intensity than both the SVG and treadmill
walking. Lean children were more motivated while over-
weight/obese children were equally as motivated to play
Wii relative to the SVG.

Keywords Exertainment . NintendoWii . Reinforcing
value . Liking . Hedonics

Introduction

Eight- to 18-year-old children reportedly spend 1.1 hday−1

playing video games and up to 6.1 hday−1 of total screen
use (television, computers, video games) [1]. Participation
in these sedentary screen activities has been negatively
associated with physical activity participation and positive-
ly associated with measures of adiposity in children [2–7].
The development of video games such as Dance Dance
Revolution (DDR) [8–10], EyeToy [8, 9], and XaviX [11]
has created the opportunity for children to play video
games while simultaneously expending greater amounts of
energy than traditional sedentary screen use. The more
recently developed Nintendo Wii is, based upon sales
figures (Nintendo, Consolidated financial highlights), argu-
ably the most popular physically interactive video gaming
system to date. Like its predecessors, the Nintendo Wii also
appears to be more physiologically challenging than a
sedentary video game (SVG) in adolescents [12, 13], adults
[14], and children [15]. However, while the physiologic
cost of playing Wii versus a physical activity has been
evaluated in a single study focusing on adults [14], no such
comparison exists for children.

While there is mounting evidence that playing Wii is more
physiologically challenging than a sedentary alternative, there
is a dearth of information focusing on the likelihood
individuals would play the Wii versus a traditional sedentary
video game. If theWii is not engaging enough to elicit a desire
to play it, then its efficacy as a substitution for sedentary video
games is limited. Presently, only a single investigation has
attempted to examine the likelihood that individuals would
choose the Wii over a sedentary alternative [14]. In this
previous investigation, adults indicated a greater liking for
Wii play versus a sedentary video game alternative. While
liking has been shown to be positively associated with
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physical activity participation [16–19], it is a separate
construct from and not as strong a predictor of behavior as
measurements of relative reinforcing value (RRV) or
motivation [19–24].

The purpose of the current study was twofold. First, to
evaluate the physiologic cost of playing the popular
Nintendo Wii Sports Boxing game in a population of lean
and overweight/obese boys and girls relative to a traditional
video game and a physical activity (treadmill walking). We
hypothesized that Wii play would elicit a greater VO2 and
heart rate than treadmill walking. The second purpose was
to examine the RRV and liking (hedonics) of playing
Nintendo Wii Sports Boxing versus a traditional sedentary
video game. We hypothesized that lean children would be
more motivated to play Wii than a traditional video game,
and overweight/obese children would be more motivated to
play a traditional video game than the Wii.

Methods

Participants

Children between the ages of eight and 12 years and had no
contraindications to physical activity including cardiovas-
cular, neuromotor, cognitive, and orthopedic disorders were
eligible for participation. Eligibility was determined by a
trained exercise physiologist via phone screen with the
child’s parent or guardian. A total of 24 lean (body mass
index (BMI) <85th percentile) and overweight/obese (BMI
≥85th percentile) boys overweight/obese and girls partici-
pated in this study (Table 1). Participants were recruited
from flyers posted in the local community and from a
database of individuals who had previously contacted the
Applied Physiology Laboratory at Kent State University to
participate in separate unrelated studies. Prior to participa-
tion, children read and signed informed assent while their
parent or legal guardian read and signed informed consent
forms. This study was approved by the Kent State
University Institutional Review Board.

In the present study, 8- to 12-year-old children were
examined as this age group is among those most likely to
play video games, including the Wii [1]. Because of the

popularity of video game play among this age group, it is
logical that 8- to 12-year-old children would be among
those targeted for a physical activity intervention that
includes Wii play, should such an intervention be devel-
oped. Therefore, a better understanding of the motivation of
8- to 12-year-old children to play Wii is essential for the
development of potential physical activity interventions.

Procedures

Children meeting the entry criteria were invited to the
Applied Physiology Laboratory at Kent State University.
After obtaining informed assent from the child and consent
from their parent or legal guardian, children’s height and
weight were determined. Height was measured with
children not wearing footwear and standing erect against a
vertical backboard, and measurements were taken to the
nearest 0.1 cm using a stadiometer (Health O Meter, Alsip,
IL, USA). Weight was measured with children not wearing
footwear and wearing minimal clothing; measurements
were to the nearest 0.25 kg using a balance beam scale
(Health O Meter, Alsip, IL, USA). BMI percentile was
calculated for each child using the Center for Disease
Control’s BMI Percentile Calculator for Child and Teen
[25].

Children were then familiarized with the heart rate
monitor, metabolic cart, liking, and ratings of perceived
exertion (RPE) scales to be utilized during the protocol.
After familiarization, all children completed four 10-min
activity conditions: resting, treadmill walking, traditional
SVG play, and physically interactive video game play
(Wii). For the duration of the resting condition, children sat
in a recumbent position in a quiet room. Resting was
always performed first, and the order of remaining
conditions (treadmill walking, SVG, and Wii) was counter-
balanced. Three minutes of instruction was provided prior
to participation in the treadmill walking, SVG, and Wii
conditions. During the instruction period for each video
game condition, children were asked (yes, no) if they had
previously played either the SVG (Nintendo PunchOut!
(Nintendo Co. Ltd., Minami-ku Kyoto, Japan)) or Wii
(Nintendo Wii Sports Boxing (Nintendo Co. Ltd., Minami-
ku Kyoto, Japan)) games they were about to. After this

Boys (N=12) Girls (N=12)

Variable Lean (N=4) Overweight/obese
(N=8)

Lean (N=7) Overweight/obese
(N=5)

Age (years) 10.8±1.5 10.3±1.8 10.1±1.8 10.4±1.3

Height (cm) 146.3±14.5 144.6±8.5 143.7±11.4 142.4±13.4

Weight (kg)a 41.0±11.5 47.0±8.0 38.3±8.4 51.9±11.0

BMI percentilea 71.0±14.0 92.3±4.3 66.1±20.4 95.4±3.6

Table 1 Participant physical
characteristics

Data are mean ± SD
a Significant difference between
lean and overweight/obese
children (p<0.02). There were
no main or interaction effects of
gender (p≥0.35)
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instruction period, each child rested in a seated position for
a period of 5 min before completing the next condition.
Heart rate (beats per minute) was monitored throughout
each rest period, and this 5-min period successfully
allowed each participant’s heart rate to return to resting.
Throughout each of the four 10-min conditions, heart rate
and oxygen consumption (VO2 ml kg−1min−1) were
recorded. Heart rate was recorded via a telemetry monitor
(Polar FS1, Kempele, Finland). VO2 was recorded via
indirect calorimetry using a calibrated metabolic cart
(Parvo Medics, Truemax 2400 Metabolic System, Sandy,
UT, USA), a mouthpiece, and nose clips. Upon completion
of the treadmill walking, SVG, and Wii conditions,
children were asked to indicate their RPE and liking for
each 10-min condition. RPE was assessed using the undiffer-
entiated pediatric OMNI walk/run scale [26]. Liking was
assessed using a visual analog scale consisting of a 10-cm
line anchored by “do not like it at all” on the left side and
“like it very much” on the right side. Liking, or hedonics, is
an affective rating of a behavior that directly correlates with
physical activity participation [16–19]. This specific scale
has previously been shown to successfully predict physical
activity behavior in 8–12-year-old children [19].

During the treadmill walking condition, children walked
at a speed of 1.5 miles h−1 (67.1 mmin−1) without holding
the rails on the treadmill (Quinton, Medtrack ST 65,
Bothell, WA, USA). This speed has previously been
identified as a comfortable, self-selected walking pace for
children [27] and has been utilized when assessing the
relative energy expenditure of sedentary and physically
interactive screen time and traditional physical activity in
children [9].

During the SVG condition, children played Nintendo
PunchOut! which is a boxing simulation game. The game
was played with the child in the seated position using a
game controller. While children were not instructed against
moving their arms during SVG play, none of the children
did so. During the Wii condition, children played Nintendo
Wii Sports Boxing which is also a boxing simulation game.
Wii Sports Boxing was played with the child in a standing
position as previously described [13]. Children were given
no direction as to the amount of effort they should exert
during the SVG or Wii conditions.

Finally, after completing the four activity conditions,
children performed a computer task designed to assess the
RRV of the SVG condition versus the Wii condition.
Determining the RRV of the SVG versus the Wii was
accomplished by asking children to perform work, in the
form of button presses on a computer mouse, to earn access
to either of the two video games. Children had the option to
work on two separate computer screens; one screen was
associated with earning points towards the SVG and the
other with Wii. Children could work to earn points for the

SVG or Wii, and they could switch from one screen to the
other at any time. Each screen consisted of a series of three
different shapes which changed whenever the computer
mouse button was pushed. Children received one point for
one of the two video games whenever the shapes matched
on the screen that corresponded to that particular video
game. For each point earned, children were given one
minute of access to the corresponding video game. The
RRV computer task was performed until a child accumu-
lated a total of seven points from which they earned seven
minutes of video game play. The reinforcement schedule
for both the SVG and Wii was initially set to a fixed ratio
(FR) 4 (children earned one point for every four button
presses) for the first point earned. The FR level then
doubled with every point earned for each game (complete
FR schedule; 4, 8, 16, 32, 64, 128, 256). The schedules for
the two video game alternatives were independent in that
the FR level for one video game did not increase to the next
FR level until the child had completed the necessary
number of presses to earn a point for that video game.
Once children compiled a total of 7 points, they then played
the SVG and Wii in the amount of time they earned for
each.

Total participation time was approximately 90 min per
child. Each child was given a $10.00 gift certificate to a
local store upon completion of the above protocol. While
each child meeting the entry criteria successfully completed
the entire protocol, if a child had been unable to complete
the protocol, they would have still received the $10.00 gift
certificate.

Statistical Analysis

The primary outcome measures of this study were RRV, heart
rate, and VO2. The RRV of one behavior versus another can
be measured as the amount of motivated responding (work)
an individual will engage in to earn access to one of two
behaviors [28–30]. The outcome measure for the RRV task
in the present investigation was the output maximum (Omax)
for the SVG and Wii. Omax for SVG and Wii is the
maximum amount of responding for 1 min of access to each
activity [31]. This RRV computer task has previously been
shown to be a valid predictor of sedentary versus physical
activity participation in children [19, 32].

Differences in participant physical characteristics (age,
height, weight, BMI percentile) were assessed using two-way
analysis of variance (ANOVA) with gender (boys, girls) and
weight category (lean, overweight/obese) both as between-
subjects variables. Because the analysis of physical character-
istics revealed no significant main (F(1, 20) <0.60, p>0.60
for all) or interaction (F(1, 20) <0.90, p>0.40 for all) effects
for gender and because no specific gender effects were
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hypothesized, the remaining analyses did not include gender
as a between-subjects variable. Chi-squared analysis was
performed to determine if there was a difference in the
number of lean and overweight/obese children indicating
prior Wii experience. Because Chi-squared analysis reviled
no differences (χ2 (3, N=24)=4.33, p=0.23) in the number
of lean (six out of 11) and overweight/obese children (ten
out of 13) with prior Wii experience, prior Wii experience
was not included as an independent variable or covariate
in any of the analyses. No children reported previously
playing Nintendo PunchOut!; therefore, these data were
not analyzed.

Differences in heart rate (beats per minute) and VO2

(ml kg−1min−1) were assessed using separate two weight
category by four activity condition (resting, SVG, treadmill
walking, Wii) ANOVAs, with weight category as the
between-subjects variable and activity condition as the
within-subjects variable. Two additional two weight cate-
gory by three activity condition (SVG, treadmill walking,
Wii) ANOVAs were utilized to assess differences in liking
and RPE, with weight category as the between-subjects
variable and activity condition as the within-subjects
variable. Finally, a two weight category by two game
option (Wii, SVG) ANOVA, with weight category as the
between-subjects variable and game option as the within-
subjects variable, was used to examine differences in Omax

achieved during the RRV computer task. Post hoc analysis
for significant main effects of condition and significant
interaction effects were performed using T tests with the
Benjamini and Hochberg False Discovery Rate correction
for multiple comparisons [33].

The primary hypotheses of this investigation were that
VO2 would be significantly greater in children playing Wii
than the SVG and that Omax for Wii would be greater than
SVG for the lean but not the overweight/obese children.
Average VO2 during Wii play and SVG play was 11.9±
3.4 ml kg−1min−1 and 5.4±1.2 ml kg−1min−1, respectively.

When analyzed with a paired-samples T test, the difference
between the Wii and SVG play yielded an effect size of 2.1
which requires five participants to achieve a statistical
power of ≥0.8. Average Omax for Wii for lean children was
183.3±105.0 presses and 6.9±12.7 presses for the SVG.
This difference yielded an effect size of 1.5 which requires
six participants to achieve a statistical power of ≥0.8.
Average Omax for Wii for overweight/obese children was
83.7±108.2 presses and 121.2±130.0 presses for the SVG.
This difference yielded an effect size of 0.17 which requires
282 participants to achieve a statistical power of ≥0.8.
Based upon these analysis of power, the current sample size
of N=24 was deemed to be sufficient to demonstrate effects
where hypothesized.

Results

Physical Characteristics

All participants completed the protocol and tolerated the
various conditions well and, therefore, were included in the
final analysis. While children were not different for height
(F(1, 20) =0.10, p>0.80) or age (F(1, 20) =0.03, p>0.80),
overweight/obese children had a significantly greater
body weight (F(1, 20) =6.15, p<0.03) and BMI percentile
(F(1, 20) =21.32, p<0.001) than lean children (Table 1).

Heart Rate and VO2

A significant main effect of activity condition (F(3, 66) =67.32,
p<0.001) was noted for heart rate (Table 2). Post hoc
analysis revealed that the main effect of activity condition
was due to a significant incremental increase in heart rate
from resting to the SVG condition (t(23) =4.51, p<0.001),
from the SVG condition to treadmill walking (t(23) =7.33,
p<0.001), and from treadmill walking to the Wii condition

Table 2 Physiologic and perceptual effects of participating in the resting, sedentary video game, treadmill walking, and Wii Sports Boxing
conditions

Variable Restinga Sedentary video game Treadmill walking (67.1 mmin−1) Wii Sports Boxing

VO2 (ml kg−1min−1) 5.1±1.2 5.4±1.2b 10.2±2.4b,c 11.7±3.4b,c,d

Heart rate (beats min−1) 84.4±10.4 91.1±11.0b 105.9±12.7b,c 121.4±20.3b,c,d

Liking (cm) – 6.9±2.6 6.0±3.1 8.5±1.8c,d

RPE – 1.7±1.5 2.7±2.4 3.4±2.5c

p<0.05 for all
a Liking and RPE were not assessed during the resting condition
b Significantly different from the resting condition
c Significantly different from the sedentary video game condition
d Significantly different from the treadmill walking condition
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(t(23) =4.14, p<0.001). There were no significant main
(F(1, 22) =0.52, p>0.40) or interaction (F(3, 66) =1.09,
p>0.30) effects of weight category on heart rate.

Similarly to heart rate, there was a significant main effect
of activity condition (F(3, 66) =92.78, p<0.001) for VO2

(Table 2). Post hoc analysis demonstrated a significant
incremental increase in VO2 from resting to the SVG
condition (t(23) = 2.06, p<0.05), from the SVG condition
to treadmill walking (t(23) = 13.39, p<0.001), and from
treadmill walking to the Wii condition (t(23) = 2.59,
p<0.03). There were no significant main (F(1, 22) =0.44,
p>0.80) or interaction (F(3, 66) =0.43, p>0.70) effects of
weight category on VO2.

Liking and RPE

There was a significant main effect of activity condition
(F(2, 44) = 7.00, p<0.002) for liking (Table 2). Post hoc
analysis demonstrated that liking was not different (t(23) =
1.13, p>0.20) between the treadmill and SVG conditions.
Liking was greater during the Wii condition than the
treadmill (t(23) = 4.06, p<0.001) and SVG (t(23) = 3.42,
p<0.002) conditions. There were no significant main
(F(1, 22) = 1.19, p>0.30) or interaction (F(2, 44) = 0.33,
p>0.70) effects of weight category on liking.

There was also a significant main effect of activity
condition (F(2, 44) = 6.14, p<0.004) for RPE (Table 2).
Post hoc analysis demonstrated that RPE from the treadmill
condition was not different from either the Wii (t(23) =
1.61, p>0.12) or SVG (t(23) = 1.84, p>0.08) conditions.
RPE during Wii play was greater than the SVG (t(23) =
3.78, p<0.002) condition. There were no significant main
(F(1, 22) = 0.03, p>0.90) or interaction (F(2, 44) = 1.59,
p>0.20) effects of weight category on RPE.

RRV

Response patterns from the RRV computer task for access
to Wii versus the SVG alternative are presented in Fig. 1.
There was a significant weight category by game option
interaction (F(1, 22) = 8.12, p<0.009) for differences in
Omax. Post hoc analysis demonstrated that lean children
exhibited a significantly greater (t(10) = 5.02, p<0.001)
Omax for Wii (183.3±105.0 presses), relative to the SVG
option (6.9±12.7 presses) while overweight/obese child-
ren’s Omax (Wii 83.7±108.2 presses, SVG 121.2±130.0
presses) was not different (t(10) = 0.60, p>0.50) from one
video game option to the other. Further analysis demon-
strated that lean children achieved a significantly greater
(t(22) = 2.28, p<0.04) Omax for Wii than overweight/obese
children, while the overweight/obese children achieved a
significantly greater (t(22) =2.90, p<0.01) Omax for SVG
than lean children. There were no significant main effects

of game option (F(1, 22) = 3.42, p>0.07) or weight
category (F(1, 22) = 0.17, p>0.60) for differences in Omax.

Discussion

Previous studies have demonstrated that playing Wii Sports
Boxing significantly increases heart rate and VO2 relative to
an SVG in adolescents (11–17 years old) [12, 13], children
[15], and adults [14]. The present study was the second to
demonstrate this effect in a group of children (8–12 years
old). This was also the first study to demonstrate that playing
Wii Sports Boxing elicited a significantly greater heart rate
and VO2 relative to treadmill walking in children. The
metabolic equivalent (MET) levels (VO2 ml kg−1min−1/3.5=
1 MET) achieved by children during Wii Sports Boxing play
in the present study (3.3±1.0) were very similar to those
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Fig. 1 Average response patterns across the seven fixed ratio (FR)
levels to gain access to Wii Sports Boxing and sedentary video game
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panel). Data presented are means±SE
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previously achieved in adolescents (3.2±1.4) [12, 13] and
somewhat less than what was achieved in adults (4.4±1.3)
[15]. This suggests that the average MET level associated
with playing Wii Sports Boxing is great enough to be
considered moderate physical activity [34] in adolescents,
children, and adults. Therefore, time spent playing Wii
Sports Boxing would count towards the 60 min day−1 of
physical activity that is recommended for children [35, 36].
Because the majority of American children allocate substan-
tial amounts of time to daily video game play [1],
substituting Wii Sports Boxing for a traditional sedentary
video game could increase the amount of daily physical
activity children accumulate.

While a single study [37] did evaluate the RRV of the
physically interactive DDR video game versus a sedentary
alternative, the present investigation was the first to assess
RRV of playing Wii Sports Boxing versus a traditional
SVG. The results demonstrated that Wii was significantly
more reinforcing than the SVG condition in lean children
but not overweight/obese children. Furthermore, lean
children performed more work to gain access to Wii than
overweight/obese children, while the opposite is true for the
SVG condition. The previous evaluation of the RRV of the
physically interactive DDR did not demonstrate differences
between lean and overweight children. However, the
present finding that lean children exhibit a greater RRV
for a physical activity than overweight/obese children is
similar to research examining the RRV of cycle ergometer
exercise versus sedentary alternatives (watching a video)
[21]. These findings are important when considering the
use of Wii as a potential substitute for an SVG. The greater
RRV of Wii in the lean children suggests that if lean
children had access to both an SVG and Wii they would be
more motivated to play the Wii. Thus, the addition of Wii
to a lean child’s present SVG system may significantly
increase physical activity as lean children would likely
allocate more time for Wii play. Conversely, overweight/
obese children appear equally motivated to allocate time
towards SVG and Wii. Therefore, in overweight/obese
children, the removal of an SVG and subsequent substitu-
tion with Wii may be necessary to significantly increase
physical activity via game play.

As is the case with RRV, liking [16–19] has also been
demonstrated to be a predictor of physical activity behavior
in children. RRV, which is controlled by the dopamine
neurotransmitter system, is different from liking which is
controlled by the opioid neurotransmitter system [20].
Because of this difference, it is possible to find a behavior
reinforcing while simultaneously not liking the behavior or
vice versa [22–24]. In the present investigation, both lean
and overweight/obese children reported a greater liking for
Wii play relative to the SVG. The greater liking for Wii
without a greater RRV versus an SVG in the overweight/

obese children is further evidence of the discrepancy
between liking and RRV. Because RRV is considered a
better predictor of behavior [22], the overweight/obese
children’s indifferent RRV for Wii and the SVG could be
considered a better indicator of the likelihood that they
would choose to play Wii over an SVG in a free-living
setting. However, because both lean and overweight/obese
children reported greater liking and a greater or similar
RRV for Wii versus the SVG, it is reasonable to suggest
that both groups of children appear to be at least as
motivated to play the physically interactive Wii as they are
to play a sedentary alternative.

While these results indicate Wii as a potentially
motivating and physiologically challenging alternative to
an SVG, there are limitations to this study. Adequate
statistical power was present to test the current hypotheses;
however, the sample size was small and limited only to 8–
12-year-old children. Future research examining older
children/adolescents may be advisable as teenagers also
regularly play video games and may benefit from more
physically active game play [1]. The present investigation
also only evaluated a single Wii game and a single SVG.
Wii Sports Boxing was chosen as it is included with the
standard Wii system, likely making it one of the most
widely circulated Wii games. Additionally, Wii Sports
Boxing has been previously demonstrated to elicit the
greatest VO2 of the Wii games that have been evaluated
[12, 13]. Future research should examine physiologic
measures of effort, RPE, liking, and RRV in additional
games from the rapidly expanding Wii library. Nintendo
PunchOut! was chosen as the SVG as it, like Wii Sports
Boxing, is a boxing simulation. While it is unlikely that
alternate SVGs would differentially affect VO2, heart rate,
or RPE, it is possible that different SVGs may be more or
less liked or reinforcing. Finally, while the present results
indicate that children reported the greatest liking for the Wii
and were either more motivated or as motivated to play the
Wii versus the SVG, there is presently no research
evaluating the actual free-living patterns of Wii play in
children. Future research should seek to evaluate the effect
that the substitution of a Wii “gamming” system for a
traditional sedentary “gamming” system has on the time
children allocate for video game play in lean and
overweight/obese children.

In conclusion, Wii significantly increased physiologic
measures of intensity (VO2, heart rate) over an SVG,
treadmill walking, and resting. Wii was also significantly
more reinforcing than the SVG in lean children and equally
as reinforcing as the SVG in overweight/obese children.
Finally, Wii was the most liked activity condition for both
groups of children despite being perceived as requiring
greater effort to play than the SVG. Taken together, these
results suggest that Wii was a well-liked activity of greater
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physiologic intensity than an SVG and treadmill walking, and
lean children appear more motivated while overweight/obese
children appear as motivated to play Wii relative to the SVG.
While additional research is warranted, Wii appears to be a
viable candidate to substitute for a sedentary “gamming”
system in interventions designed to increase physical activity
in children who regularly play SVG. However, while the Wii

may be capable of increasing daily, moderate-intensity
physical activity, which has multiple health benefits [38], the
intensity of Wii play does not appear great enough to
substantially alter cardiorespiratory fitness in healthy chil-
dren. While it may be superior to sedentary video games, it is
likely not advisable to recommend Wii play in place of
traditional physical activity for children.

References

1. Roberts DF, Foehr UG, Rideout V. Generation M: Media in the
lives of 8–18 year-olds. Available at: http://www.kff.org/entmedia/
upload/Generation-M-Media-in-the-Lives-of-8-18-Year-olds-
Report.pdf. Accessed November 20, 2008

2. Epstein LH, Roemmich JN, Robinson JL, et al. A randomized trial
of the effects of reducing television viewing and computer use on

body mass index in young children. Arch Pediatr Adolesc Med.
2008; 162(3): 239–245.

3. Robinson TN. Reducing children's television viewing to prevent
obesity: A randomized controlled trial. JAMA. 1999; 282(16):
1561–1567.

4. Gortmaker SL, Must A, Sobol AM, Peterson K, Colditz GA,
Dietz WH. Television viewing as a cause of increasing obesity
among children in the United States, 1986–1990. Arch Pediatr
Adolesc Med. 1996; 150(4): 356–362.

ann. behav. med.

http://www.kff.org/entmedia/upload/Generation-M-Media-in-the-Lives-of-8-18-Year-olds-Report.pdf
http://www.kff.org/entmedia/upload/Generation-M-Media-in-the-Lives-of-8-18-Year-olds-Report.pdf
http://www.kff.org/entmedia/upload/Generation-M-Media-in-the-Lives-of-8-18-Year-olds-Report.pdf


5. Armstrong CA, Sallis JF, Alcaraz JE, Kolody B, McKenzie TL,
Hovell MF. Children's television viewing, body fat, and physical
fitness. Am J Health Promot. 1998; 12(6): 363–368.

6. Crespo CJ, Smit E, Troiano RP, Bartlett SJ, Macera CA, Andersen
RE. Television watching, energy intake, and obesity in US
children: Results from the third National Health and Nutrition
Examination Survey, 1988–1994. Arch Pediatr Adolesc Med.
2001; 155(3): 360–365.

7. DuRant RH, Baranowski T, Johnson M, Thompson WO. The
relationship among television watching, physical activity, and
body composition of young children. Pediatrics. 1994; 94(4):
449–455.

8. Straker L, Abbott R. Effect of screen-based media on energy
expenditure and heart rate in 9- to 12-year-old children. Pediatr
Exerc Sci. 2007; 19(4): 459–471.

9. Lanningham-Foster L, Jensen TB, Foster RC, et al. Energy
expenditure of sedentary screen time compared with active screen
time for children. Pediatrics. 2006; 118(6): e1831–e1835.

10. Sell K, Lillie T, Taylor J. Energy expenditure during physically
interactive video game playing in male college students with
different playing experience. J Am Coll Health. 2008; 56(5): 505–
511.

11. Mellecker RR, McManus AM. Energy expenditure and cardio-
vascular responses to seated and active gaming in children. Arch
Pediatr Adolesc Med. 2008; 162(9): 886–891.

12. Graves L, Stratton G, Ridgers ND, Cable NT. Energy expenditure
in adolescents playing new generation computer games. Br J
Sports Med. 2008; 42(7): 592–594.

13. Graves LE, Ridgers ND, Stratton G. The contribution of upper
limb and total body movement to adolescents' energy expenditure
whilst playing Nintendo Wii. Eur J Appl Physiol. 2008; 104(4):
617–623.

14. Barkley JE, Penko A. Physiologic responses, perceived exertion,
and hedonics of playing a physical interactive video game relative
to a sedentary alternative and treadmill walking in adults. J Exerc
Physiol Online. 2009; 12(3): 12–22.

15. Lanningham-Foster L, Foster RC, McCrady SK, Jensen TB, Mitre
N, Levine JA. Activity-promoting video games and increased
energy expenditure. J Pediatr. 2009; 154(6): 819–823.

16. Craig S, Goldberg J, Dietz WH. Psychosocial correlates of
physical activity among fifth and eighth graders. Prev Med.
1996; 25(5): 506–513.

17. Motl RW, Dishman RK, Saunders R, Dowda M, Felton G, Pate
RR. Measuring enjoyment of physical activity in adolescent girls.
Am J Prev Med. 2001; 21(2): 110–117.

18. DiLorenzo TM, Stucky-Ropp RC, Vander Wal JS, Gotham HJ.
Determinants of exercise among children. II. A longitudinal
analysis. Prev Med. 1998; 27(3): 470–477.

19. Roemmich JN, Barkley JE, Lobarinas CL, Foster JH, White TM,
Epstein LH. Association of liking and reinforcing value with
children's physical activity. Physiol Behav. 2008; 93(4–5): 1011–
1018.

20. Berridge KC. Food reward: Brain substrates of wanting and
liking. Neurosci Biobehav Rev. 1996; 20(1): 1–25.

21. Epstein LH, Smith JA, Vara LS, Rodefer JS. Behavioral economic
analysis of activity choice in obese children. Health Psychol.
1991; 10(5): 311–316.

22. Epstein LH, Truesdale R, Wojcik A, Paluch RA, Raynor HA.
Effects of deprivation on hedonics and reinforcing value of food.
Physiol Behav. 2003; 78(2): 221–227.

23. Robinson TE, Berridge KC. The psychology and neurobiology of
addiction: An incentive-sensitization view. Addiction. 2000; 95
(Suppl 2): S91–S117.

24. Hyman SE, Malenka RC. Addiction and the brain: The neurobi-
ology of compulsion and its persistence. Nat Rev Neurosci. 2001;
2(10): 695–703.

25. Centers for Disease Control. BMI percentile calculator for child
and teen. Available at: http://apps.nccd.cdc.gov/dnpabmi/.
Accessed September 1, 2008.

26. Utter AC, Robertson RJ, Nieman DC, Kang J. Children's OMNI
scale of perceived exertion: Walking/running evaluation. Med Sci
Sports Exerc. 2002; 34(1): 139–144.

27. Lanningham-Foster LM, Jensen TB, McCrady SK, Nysse LJ,
Foster RC, Levine JA. Laboratory measurement of posture
allocation and physical activity in children. Med Sci Sports Exerc.
2005; 37(10): 1800–1805.

28. Baum WM. On two types of deviation from the matching law:
Bias and undermatching. J Exp Anal Behav. 1974; 22(1): 231–242.

29. Baum WM. Matching, undermatching, and overmatching in
studies of choice. J Exp Anal Behav. 1979; 32(2): 269–281.

30. Pierce WD, Epling WF. Choice, matching, and human behavior:
A review of the literature. BehavAnalyst. 1983; 6: 57–76.

31. Bickel WK, Marsch LA, Carroll ME. Deconstructing relative
reinforcing efficacy and situating the measures of pharmacological
reinforcement with behavioral economics: A theoretical proposal.
Psychopharmacology (Berl). 2000; 153(1): 44–56.

32. Epstein LH KC, Consalvi AR, Paluch RA. Reinforcing value of
physical activity as a determinant of child activity level. Health
Psychol. 1999; 18(6): 599–603.

33. Benjamini Y, Hochberg Y. Controlling the false discovery rate: A
practical and powerful approach to multiple testing. J Roy Stat
Soc. 1995; 57(1): 289–300.

34. Trost SG, Pate RR, Sallis JF, et al. Age and gender differences in
objectively measured physical activity in youth. Med Sci Sports
Exerc. 2002; 34(2): 350–355.

35. Corbin CB, Pangrazi RP. Guidelines for appropriate physical
activity for elementary school children 2003 update. Reston:
NASPE; 2003.

36. Buchner DM, Bishop J, Brown DR, et al. 2008 physical activity
guidelines for Americans. Washington: United States Department
of Health and Human Services; 2008.

37. Epstein LH, Beecher MD, Graf JL, Roemmich JN. Choice of
interactive dance and bicycle games in overweight and nonover-
weight youth. Ann Behav Med. 2007; 33(2): 124–131.

38. Haskell WL, Lee IM, Pate RR, et al. Physical activity and public
health: Updated recommendation for adults from the American
College of Sports Medicine and the American Heart Association.
Circulation. 2007; 116(9): 1081–1093.

ann. behav. med.

http://apps.nccd.cdc.gov/dnpabmi/

	Motivation...
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Participants
	Procedures

	Statistical Analysis
	Results
	Physical Characteristics
	Heart Rate and VO2
	Liking and RPE
	RRV

	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


