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Abstract: Introduction: The prevalence of obesity in children has reached epidemic proportions with over 37% of children aged 6-11 years in the U.S. being classified as “at risk for overweight” or “overweight.” Utilization of active video
games has been proposed as one possible mechanism to help shift the tide of the obesity epidemic.
Purpose: The purpose of this study was to determine if riding a stationary bike that controlled a video game would lead to
significantly greater energy expenditure than riding the same bike without the video game connected.
Methods: Twenty children, 7-14 years old, with a BMI classification of “at risk for overweight” or “overweight” participated in this study. Following familiarization, energy expenditure was evaluated while riding a stationary bike for 20 minutes. One test was performed without the addition of a video game and one test with the bike controlling the speed of a car
on the video game.
Results: Oxygen consumption and energy expenditure were significantly elevated above baseline in both conditions. Energy expenditure was significantly higher while riding the bike as it controlled the video game (4.4 ± 1.2 Kcal·min-1) than
when riding the bike by itself (3.7 ± 1.1 Kcal·min-1) (p<0.05). Perceived exertion was not significantly different between
the two sessions (p>0.05).
Conclusion: Using a stationary bike to control a video game led to greater energy expenditure than riding a stationary bike
without the video game and without a related increase in perceived exertion.
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INTRODUCTION
The prevalence of obesity in children has continued to
increase in recent years. According to the Center for Disease
Control’s (CDC) classification system, the prevalence of
children in the United States, aged 6-11 years, classified as
“overweight” has reached 18.8%, while the prevalence of
those classified as either “overweight” or “at risk for overweight” is at 37.2% [1, 2]. Although there is some evidence
that the increased prevalence of obesity is leveling off in
children, the prevalence is still considered excessively high
[3]. This increased prevalence of overweight in children has
become a global epidemic [4-9] and has been shown to be
associated with multiple cardiovascular risk factors, including higher levels of cholesterol, triglycerides, systolic and
diastolic blood pressure, and fasting insulin [10].
Children spend a large amount of time watching television and playing computer games [11]. The time children
spend on these tasks has often been blamed for the increased
prevalence of overweight in children [12-19]. Previous efforts to reduce the amount of screen time (television and
video games) in children have proven to be successful in
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helping children decrease their weight and improve their
body composition [20, 21].
In recent years, interest has risen as to the efficacy of
interactive video games (exergaming). Several studies have
examined the level of energy expenditure while playing
these exergames [22-26]. The level of energy expenditure
has been shown to increase significantly above resting levels
[22-24], or above the level of energy expenditure while playing sedentary video games [25, 26] and watching television
[25]. Generally these studies have shown that energy expenditure will increase over resting levels to an intensity that is
similar to moderate intensity exercise, with a VO2 during
activity of approximately 14-24 ml·kg-1·min-1.
A study of wheelchair bound athletes found that utilizing
an arm ergometer to control a video game increased energy
expenditure compared to utilizing the same arm ergometer
without the video game interaction. This enhanced energy
expenditure was found without a corresponding increase in
perceived exertion [27]. No published research has compared
the energy expenditure of overweight children while performing a traditional exercise (e.g., stationary cycling) to
their energy expenditure while exercising on the same
equipment with interactive gaming. Therefore, the purpose
of this study was to determine if adding an interactive video
game component to traditional cycle ergometry would impact the energy expenditure and rating of perceived exertion
(RPE) in overweight children.
2009 Bentham Open

Energy Expenditure and Video Games

METHODS
Subjects
Twenty children (13 boys, 7 girls), between the ages of 7
and 14 years participated in this study. The participants were
recruited from a local weight management program and were
generally sedentary. Each participant’s height and weight
were measured with a portable stadiometer (SECA 214;
Hamburg, Germany) and calibrated digital scale (TANITA;
Arlington Heights, Illinois), to the nearest 0.5 cm and 0.1 kg
respectively. All participants had a Body Mass Index (BMI)
that put them at the 85th percentile or above for their age and
sex according to the CDC guidelines.[1] All participants
were free of diabetes, thyroid disorders, heart disease, or
hypertension. The research protocol was approved by the
Institutional Review Board (IRB) of the California State
University, San Bernardino. Child assent and written parental informed consent was obtained prior to participation.
Procedures
Each participant was scheduled for three appointments:
(1) familiarization with the equipment, (2) testing session #1,
and (3) testing session #2. At least one parent was required
to be in attendance at each session.
At the familiarization session, each participant was
shown the portable metabolic cart (Cosmed K4b2 – Rome,
Italy) including the mask and heart rate (HR) monitor that
they would be wearing during the two testing sessions. Each
participant was then allowed to ride on the cycle ergometer
(CatEyeTM Gamebike - USA) and play the games that would
be utilized in the study. Participants were allowed to play the
games during this session for as long as they wanted. All of
the participants had previous experience with the ergometer,
having utilized the system in their weight management program. The video game utilized for this study was Disney’s
“Cars” (Pixar Entertainment) on a PlayStation®2 console.
For each testing session, the children were instructed not
to eat for a minimum of two hours prior to their appointment
time, although water was allowed. All testing was done in a
private room so that only the participant, parents, and researchers were present. Upon arriving, the participants were
reminded of the testing procedures. The participants were
then connected to the calibrated portable metabolic cart and
HR monitor. The O2 and CO2 sensors were calibrated prior
to each test with a known gas concentration of 16% O2 and
5% CO2. In addition, volume calibration was performed with
a 3-Liter Syringe. Participants were then seated in a comfortable chair. Breath by breath oxygen consumption (VO2) and
carbon dioxide production (VCO2) were collected for 10
minutes, with the last 5-minutes of collection averaged for
determination of baseline energy expenditure.
After collection of the baseline data, participants stepped
up to the cycle ergometer for one of two testing sessions: (1)
a 20-minute exercise session with no video game (NV) or (2)
a 20-minute exercise session with the cycle ergometer controlling the video game (V). Breath by breath VO2 and CO2
were measured continuously over the 20-minute session to
determine energy expenditure. The order of the two testing
sessions was randomized and counterbalanced. The testing
days were separated by a minimum of two days so that the
participants would not experience left over fatigue from the
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prior test. A couple of participants were tested a full week
later, with no significant change in their activity in between
sessions. The ergometer seat height was adjusted to the
proper height with the same seat height utilized for both exercise sessions. The resistance on the flywheel was standardized for both tests. Once seated on the ergometer, the participant was again reminded of the procedure. The participants
were asked to ride the bike for 20 minutes, with the stated
goal to get as much exercise in as possible, but they were
free to slow down and rest at any time they desired. In order
to keep a consistent pattern of encouragement, the researchers gave positive feedback every two minutes during both
exercise sessions. The participants would be told they were
doing well and asked how they were feeling. Heart rate,
oxygen consumption, and carbon dioxide production were
measured continuously throughout the test in order to determine energy expenditure. At the end of the 20 minutes of
riding, the participants stepped off of the ergometer and
walked around the room to cool down or sat in a chair and
rocked their feet to prevent blood pooling. During the cooldown period, the participants were asked to rate their perceived level of exertion based on the OMNI perceived exertion scale (RPE) (See Fig. 1) that was specifically designed
for children [28].
All data were analyzed using SPSS 14.0. Descriptive data
(Mean ± SD) were calculated for the age in years, height in
centimeters, weight in kilograms, BMI (kg/m2), and energy
expenditure at baseline and during the exercise time. A
paired sample t-test was utilized to determine differences
between NV and V conditions. A one-way ANOVA was
utilized to determine if any differences existed between
males and females. Pearson product-moment correlations
were performed on continuous variables to determine
whether any significant relationships existed.
RESULTS
Descriptive data of the participants are provided in Table 1.
All participants had a BMI that was above the 85th percentile
for their age and sex based on the CDC guidelines.[1] No
significant differences existed between boys and girls on
baseline characteristics (p>0.05). In addition there were no
significant differences at baseline for the two different exercise conditions, V and NV (p>0.05).
Oxygen consumption (ml•kg-1•min-1) was significantly
elevated above baseline conditions in both exercise sessions
(p<0.001). Table 2 summarizes the difference between the
two exercise conditions. The net increase in energy expenditure (Gross energy Kcal•min-1 minus resting Kcal•min-1) was
significantly higher (p<0.01) in the V session (4.4 ± 1.2
Kcal/min) than the NV session (3.7 ± 1.1 Kcal•min-1). Participants expended a total of 98.7 ± 27.2 Kcal during the NV
session and 113.2 ± 31.6 Kcal during the V session.
The average HR was not significantly different in the two
testing sessions. The average HR during the NV session
reached 142.4 ± 18.8 bpm, or 68% of age predicted max HR.
During the V session, the average HR was 146.0 ± 21.4 bpm,
or 70% of age predicted max HR. The peak HR achieved
during the entire session was significantly higher in the V
session than the NV session (p<0.01).
The average RPE was not significantly different between
the two sessions (3.6 ± 2.3 in the NV session and 3.2 ± 2.8 in
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Fig. (1). Validated OMNI Rating of Perceived Exertion Scale.
Table 1.

Baseline Descriptive Data (Mean ± SD)
Boys (n=13)

Girls (n=7)

Pooled Data (n=20)

Age (yrs.)

10.8 ± 2.3

11.2 ± 2.3

10.9 ± 2.2

Height (cm.)

151.2 ± 17.3

153.9 ± 7.4

152.1 ± 14.5

Weight (kg.)

72.8 ± 39.6

76.7 ± 14.9

74.1 ± 32.6

29.2 ± 9.2

34.0 ± 5.5

30.9 ± 8.3

2

BMI (kg/m )

the V session; p>0.05). RPE was significantly correlated to
the participant’s BMI following the NV session (r = 0.55;
p<0.05), but not following the V session (r = 0.29; p>0.05).
BMI was significantly correlated to the energy expenditure
in both the V (r = 0.78) and NV (r = 0.70) exercise sessions
(p<0.001).
DISCUSSION
It is clear that the prevalence of children who are classified as “overweight” or “at risk for overweight” has reached
a level that requires the examination of creative ways to
combat this trend. Although the cause of the increased prevalence of overweight in children is multifaceted, a lack of
adequate physical activity is accepted as one of these causes
[29]. Increasing physical activity through exergaming has
been postulated as a potential mechanism for increasing
physical activity in children. Previous research has demonstrated that interactive video games can lead to a moderate
increase in energy expenditure [22-26]. The level of energy
expenditure in the current study (4.9 ± 1.4 Kcal•min-1for the
NV session and 5.7 ± 1.6 Kcal•min-1 for the V session) is
similar to what might be expected with leisurely bike riding

[30]. Unlike the majority of the previously published work,
the current study examined the use of exergaming in overweight children. Only one of the previous studies examined
the response in overweight children and the children were a
little older (13.5 ± 3.3 yrs) and had a lower mean BMI (27.4
± 3.3 kg/m2) [23]. The overweight participants in this previous study expended an average of 4.6 ± 1.3 Kcal•min-1 while
playing a dance simulation game for 12 minutes. The participants in the current study (10.9 ± 2.2 years, 30.9 ± 8.3
kg/m2) expended a greater amount of energy both with and
without the utilization of the video game.
As seen in Table 2, the participants increased their oxygen consumption and energy expenditure above baseline in
both exercise conditions. However, the addition of a video
game to the stationary biking condition significantly increased energy expenditure (p<0.01). When examining the
total energy expended over the 20 minutes of exercise, the
participants metabolized an extra 14.5 Kcal in the V session.
Although statistically significant, this extra expended energy
is probably of minimal clinical significance, unless the participants would be more likely to perform the activity with
the video game and/or exercise for a longer period of time.

Energy Expenditure and Video Games

Table 2.
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Physiological Effect of Exercise: With and Without Video Games (Mean ± SD; n=20)

Variable

No Video Mean ± SD

Video Mean ± SD

t-value

90.9 ± 13.4

91.5 ± 14.5

-0.157

VO2 (ml•kg •min )

3.5 ± 0.8

3.6 ± 0.9

-0.446

RER

0.92 ± 0.14

0.94 ± 0.29

-0.369

Kcal/min

1.3 ± 0.6

1.3 ± 0.5

-0.328

142.4 ± 18.8

146.0 ± 21.4

-0.889

159.8 ± 22.8

173.3 ± 18.6

-2.973†

AverageVO2 (ml•kg •min )

14.7 ± 4.3

16.8 ± 4.2

-3.175†

Peak VO2 (ml•kg-1•min-1 )

19.3 ± 5.7

21.9 ± 6.2

-2.815*

Average RER

0.88 ± 0.06

0.92 ± 0.11

-1.847

Kcal/min

4.9 ± 1.4

5.7 ± 1.6

-3.240†

Total Kcal (20 min.)

98.7 ± 27.2

113.2 ± 31.6

-3.238†

RPE

3.6 ± 2.3

3.2 ± 2.8

0.666

Resting Values
H.R. (beats/min)
-1

-1

Exercise Values
Average HR (beats/min)
Max HR (beats/min)
-1

-1

†

*p<0.05; p<0.01.

A previous study has demonstrated that overweight children are likely to exercise longer if they have something to
distract them from their exercise session [31]. Therefore, it
would be expected that the addition of an interactive video
game to a traditional exercise (stationary cycling in the current study) would distract overweight children from their
perceived effort. The current study seems to bear this out. As
shown in Table 2, the energy expenditure in the V session
was significantly higher than in the NV session. However,
the RPE was not significantly greater and in fact tended to be
lower in the V session (3.6 ± 2.3 in the NV session and 3.2 ±
2.8 in the V session). It would appear likely that children
would be more likely to exercise regularly and for a longer
period of time while playing a game compared to riding a
stationary bike without the interactive video game component. However, a study comparing the reinforcing value of
interactive video games found that an interactive bike game
was no more reinforcing than biking alone, whereas, interactive dance was more reinforcing [32]. A further evaluation of
the utilization of interactive video games to increase the
amount of time children will exercise is warranted.
The participants in this study exercised at an intensity
that raised their HR to an average of 142.4 ± 18.8 beats per
minute (68% of age predicted max HR) and 146.0 ± 21.4
beats per minute (70% of age predicted max HR) for the NV
and V sessions respectively. This level of exertion is classified as moderate intensity exercise and therefore in line with
what would be recommended to children [33]. Likewise, the
oxygen consumption is 14.7 ± 4.3 ml·kg-1·min-1 in the NV
session and 16.8 ± 4.2 ml·kg-1·min-1 in the V session. This is
equal to 4.2 and 4.8 METS for the NV and V sessions respectively. This is similar to leisurely bike ride according to
the compendium of physical activities [30].

in this group of overweight children. However, this modest
increase in energy expenditure occurred without a related
increase in perceived exertion. Therefore, adding an active
video game component to traditional exercise such as stationary cycling could lead to an increase in total energy expenditure, especially if the video game made the children
more likely to exercise or to exercise for a longer period of
time.
ACKNOWLEDGEMENTS
This study was supported in part by the National Institutes of Health (NIH grants # GM073842; HD052368;
MD002722), and by the United States Department of Agriculture (USDA grant # 2008-55215-18837).
REFERENCES
[1]

[2]

[3]

[4]

[5]

[6]
[7]
[8]

CONCLUSION
Adding an active video game component to standard stationary biking led to a modest increase in energy expenditure

[9]

CDC. Growth Charts: United States. 2000, May 30 [Accessed date
July 1 2008] [cited; Available from: http://www.cdc.gov/nchs/about/
major/nhanes/growthcharts
Ogden CL, Carroll MD, Curtin LR, McDowell MA, Tabak CJ,
Flegal KM. Prevalence of overweight and obesity in the United
States, 1999-2004. JAMA 2006; 295: 1549-55.
Ogden CL, Carroll MD, Flegal KM. High body mass index for age
among US children and adolescents, 2003-2006. JAMA 2008; 299:
2401-5.
Obesity: preventing and managing the global epidemic. Report of a
WHO consultation. World Health Organization technical report series 2000; 894: 1-253.
Raymond SU, Leeder S, Greenberg HM. Obesity and cardiovascular disease in developing countries: a growing problem and an economic threat. Curr Opin Clin Nutr Metab Care 2006; 9: 111-6.
Reilly JJ, Dorosty AR. Epidemic of obesity in UK children. Lancet
1999; 354: 1874-5.
Rossner S. Obesity: the disease of the twenty-first century. Int J
Obes Relat Metab Disord 2002; 26 (Suppl 4): S2-4.
Rudolf MC, Sahota P, Barth JH, Walker J. Increasing prevalence of
obesity in primary school children: cohort study. BMJ 2001; 322:
1094-5.
Seidell JC, Verschuren WM, Kromhout D. Prevalence and trends
of obesity in The Netherlands 1987-1991. Int J Obes Relat Metab
Disord 1995; 19: 924-7.

46 The Open Sports Sciences Journal, 2009, Volume 2
[10]

[11]

[12]

[13]

[14]
[15]

[16]

[17]

[18]

[19]
[20]

Haddock et al.

Freedman DS, Dietz WH, Srinivasan SR, Berenson GS. The relation of overweight to cardiovascular risk factors among children
and adolescents: the Bogalusa Heart Study. Pediatrics 1999; 103:
1175-82.
Marshall SJ, Gorely T, Biddle SJ. A descriptive epidemiology of
screen-based media use in youth: a review and critique. J Adolesc
2006; 29: 333-49.
Andersen RE, Crespo CJ, Bartlett SJ, Cheskin LJ, Pratt M. Relationship of physical activity and television watching with body
weight and level of fatness among children: results from the third
national health and nutrition examination survey. JAMA 1998;
279: 938-42.
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: 360-5.
Dietz WH, Jr, Gortmaker SL. Do we fatten our children at the
television set? Obesity and television viewing in children and adolescents. Pediatrics 1985; 75: 807-12.
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: 356-62.
Hesketh K, Wake M, Graham M, Waters E. Stability of television
viewing and electronic game/computer use in a prospective cohort
study of Australian children: relationship with body mass index. Int
J Behav Nut Phys Act 2007; 4: 60.
Janz KF, Levy SM, Burns TL, Torner JC, Willing MC, Warren JJ.
Fatness, physical activity, and television viewing in children during
the adiposity rebound period: the iowa bone development study.
Prev Med 2002; 35: 563-71.
Stettler N, Signer TM, Suter PM. Electronic games and environmental factors associated with childhood obesity in Switzerland.
Obes Res 2004; 12: 896-903.
Vandewater EA, Shim MS, Caplovitz AG. Linking obesity and
activity level with children's television and video game use. J Adolesc 2004; 27: 71-85.
Robinson TN, Killen JD, Kraemer HC, et al. Dance and reducing
television viewing to prevent weight gain in African-American
girls: the Stanford GEMS pilot study. Ethn Dis 2003;13: S65-77.

Received: October 20, 2008

[21]
[22]
[23]

[24]

[25]

[26]

[27]
[28]

[29]
[30]
[31]

[32]

[33]

Robinson TN. Reducing children's television viewing to prevent
obesity: a randomized controlled trial. JAMA 1999; 282: 1561-7.
Tan B, Aziz AR, Chua K, Teh KC. Aerobic demands of the dance
simulation game. Int J Sports Med 2002; 23:125-9.
Unnithan VB, Houser W, Fernhall B. Evaluation of the energy cost
of playing a dance simulation video game in overweight and nonoverweight children and adolescents. Int J Sports Med 2006; 27:
804-9.
Maddison R, Mhurchu CNi, Jull A, Jiang Y, Prapavessis H,
Rodgers A. Energy expended playing video console games: an
opportunity to increase children's physical activity? Pediatr Exerc
Sci 2007; 19: 334-43.
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: e1831-5.
Graves L, Stratton G, Ridgers ND, Cable NT. Comparison of
energy expenditure in adolescents when playing new generation
and sedentary computer games cross sectional study. BMJ 2007;
335: 1282-4.
Fitzgerald SG, Cooper RA, Thorman T, Cooper R, Guo S,
Boninger ML. The GAME(Cycle) exercise system: comparison
with standard ergometry. J Spinal Cord Med 2004; 27: 453-9.
Utter AC, Robertson RJ, Nieman DC, Kang J. Children's OMNI
Scale of Perceived Exertion: walking/running evaluation. Med Sci
Sports Exerc 2002; 34: 139-44.
Anderson PM, Butcher KE. Childhood obesity: trends and potential
causes. Future Child 2006; 16: 19-45.
Ainsworth BE, Haskell WL, Whitt MC, et al. Compendium of
physical activities: an update of activity codes and MET intensities.
Med Sci Sports Exerc 2000; 32: S498-504.
De Bourdeaudhuij I, Crombez G, Deforche B, Vinaimont F,
Debode P, Bouckaert J. Effects of distraction on treadmill running
time in severely obese children and adolescents. Int J Obes Relat
Metab Disord 2002; 26: 1023-9.
Epstein LH, Beecher MD, Graf JL, Roemmich JN. Choice of interactive dance and bicycle games in overweight and nonoverweight
youth. Ann Behav Med 2007; 33: 124-31.
Medicine ACoS. ACSM's guidelines for exercise testing and prescription. 7th ed. Philadelphia: Lippincott Williams & Wilkins
2006.

Revised: February 4, 2009

Accepted: February 4, 2009

© Haddock et al.; Licensee Bentham Open.
This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/bync/3.0/) which permits unrestricted, non-commercial use, distribution and reproduction in any medium, provided the work is properly cited.

