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Objectives: Methods intended to convert inactive video gamtimgctive video gaming have
gained popularity in recent years. This study comgbathe physiological cost of a new
peripheral device that uses interactive stepsagige movement within a video gaming system
against sedentary video gaming and self-paced atdvylactivity in university students (i.e.,
ages 19 to 29 yeard)lethods: Nineteen adults (i.e., 9 males and 10 femalesppeed six 10-
minute activities, namely, self-paced leisurely kirag, self-paced brisk walking, self-paced
jogging, two forms of sedentary video gaming, artdpgowered video gaming. Each
participant performed the activities in a randordesr The physiological cost of each activity
was measured using ActihedResults: The energy expenditure of step-powered video ggmin
(i.e., 388.8 kcal.fl) was comparable to the energy expended durinds bradking (i.e., 373.8
kcal.h'); additionally, step-powered video gaming used ighér amount of energy than
sedentary video gaming (i.e., 124.1 kca).land a lower amount of energy than jogging (i.e.,
694.5 kcal.H). Conclusion: Overall, step-powered video gaming could be usedaa
entertaining and appealing tool to increase physactivity, but it should not be used as a
complete substitute for traditional aerobic exercmuch as joggingArch Exerc Health Dis 2
(2):81-88, 2011
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INTRODUCTION to be one approach that could encourage university
students to be more active and increase energy
Based on current recommendations by the healthcagxpenditures during typically sedentary activities.
community, adults should engage in at least 30A body of research supports the energy expending
minutes of moderate intensity physical activity an potential of physically active video games over
minimum of 5 days per week (7) or accrue a minimurrsedentary equivalents for children and adults (8,09
physical activity based energy expenditure of 15014, and 19). For example, as compared to restggn
kilocalories (kcal) per day (i.e., 1,000 kcal pezek) expenditure in participants increased by 273 karfa
(11). However, only 6% of men and 4% of women in382 kJ/hr when using active games, such as the
the United Kingdom (UK) achieve these EyeToy (Sony, Tokyo, Japan) and Dance Dance
recommended guidelines when the physical actigity i Revolution (DDR; Konami Digital Entertainment, CA,
measured using accelerometry-based monitors (5JSA), respectively (12). Maddison et al. (14) found
Interest in promoting physical activity to diffeten that active video gaming increased energy experditu
populations through the conversion of typically by 1.3 to 4.9 kcal/min as compared to inactive gani
sedentary leisure behaviours to more physicallivact but the amount of increase depended on the console
pursuits has been growing (6). In the UK, 3.4imil and the game used. Lastly, Graves et al. (8) regort
(i.e., 54%) of 16 to 24 year old individuals play energy expenditure during active video gaming using
sedentary video games three to seven times per wedkntendo Wii Sports (Nintendo Co Ltd, Minami-ku
with each session lasting an average of 1.6 hdifs ( Kyoto, Japan) was 51% greater than that of sedentar
The combination of video games and exercise appeargaming; however, active gaming used less energy tha
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Physiological cost of video gaming

authentic versions of bowling and tennis. rest, resting energy expenditure (REE) and resting
While this research is promising, it tends to fooms heart rate (RHR) were measured for 10 minutes using
games used on specific consoles. Individuals magn Actiheart sensor (Cambridge Neurotechnology Ltd,
potentially lose motivation for sustained use oflsu Papworth, UK). Once the resting measurements had
games due to over familiarisation with a game,ghgr been completed, participants were familiarised with
impacting any associated health benefits (16). Wlyje the video games that were used in the experimental
developed peripheral device, jOG (New Concepttrial both in the sedentary and step-powered modes.
Gaming Co., Ltd., Liverpool, United Kingdom), which Since all of the participants were right handed th
encourages step-powered video gaming, may negatédeo game consoles were set up to accommodate this
such over-familiarisation because it is compatibith preference. For sedentary video gaming, seated
multiple video games that can be used on thearticipants practiced using a snowboarding game
PlayStation 2, PlayStation 3 (Sony Co, Tokyo, Japan (SSX3; Electronic Arts, San Mateo, California, USA)
and Nintendo Wii video game consoles. However, non the PlayStation 2 anbego Indiana Jones: The
published research has evaluated the physiologic&riginal Adventures (LucasArts, San Diego,
response of adults to step-powered gaming with jOGCalifornia, USA) on the Nintendo Wii. For the step
In addition, no comparisons have been made to othgrowered video gaming (i.e., using the jOG system),
forms of inactive and active gaming or typical standing participants practised usihggo Indiana
ambulatory activities within the young adult Jones. In a randomised order, participants practiced
population. each game for 5 minutes. Participants also wore an
Therefore, the aim of this study was to compare thé\ctiheart sensor during familiarisation.
physiological cost of step-powered video gaming,
sedentary video gaming, and self-paced ambulatorgxperimental trial
activity with university students.

In randomised order, participants completed six 10-
METHODS minute activities with 5 minutes of seated restaen
each activity. The activities included self-paced
leisurely walking, self-paced brisk walking, sedeged
jogging, sedentary video gaming (i.e., with SSX8 fo

A . le of ni . . &l PlayStation 2), sedentary video gaming (i.e., with
convenience sample of nineteen university st emLego Indiana Jones for Nintendo Wii) and step-

(ie., 9 malef and 10 females) ages 19 to 29 yearﬁowered video gaming (i.e., witlego Indiana Jones

(mean age = 23.& 3.4 years) provided informed fq Nintendo Wii). All activities were performed &n
written consent to participate in this study (Ta)e  girconditioned indoor laboratory facility at the

All participants were free from illness and moveinen university. For the self-paced ambulatory actiti
impairments, which were the exclusion criterialifst oo icipants were instructed to walk leisurely, hval
study, and were recruited via word of mouth. Thebriskly, and jog on a 20 m running track that isigr

study also received institutional ethical approv@he iy an outdoor athletic track in terms of design and
data was collected between October and Decembel face at a pace that they could maintain for 10

2008.

Participants

minutes. The time in seconds necessary for
participants to get from the bottom of the running

Procedures track to the top was measured throughout the 10-
minutes, and speed was calculated by dividing
Anthropometry distance (i.e., 20 m) by time. The average speed f

each participant was obtained and converted intb’km
Body mass (to the nearest 0.1 kg) and statureh@o t ! The total time spent in the self-paced actisitieas
nearest 0.1 cm) were measured using a calibrateg0 minutes.
mechanical flat scale (Seca Ltd, Birmingham, UKJ an For the sedentary video gaming, i.e., using a
a portable stadiometer (Leicester Height MeasurePlayStation 2 snowboarding video game, participants
Seca Ltd, Birmingham, UK), respectively. Using used a standard handheld controller to manipulae t
standardised  anthropometric  technigues, thesenscreen character movements. Participants cothpete
measurements were taken while the participants weragainst opponents supplied by the computer garae in

wearing light clothing and no shoes (13). downhill race, which was one specific mode in the
game; thus, the game was externally paced. When a
Familiarisation race finished, participants were instructed toamshe

race and repeat this process for the duration ef th
On a different day prior to the experimental t@ad trial. For sedentary and step-powered video gaming
following 2 hours of fasting and 5 minutes of sugin using Lego Indiana Jones on the Nintendo Wii,

82 Arch Exerc Health Dis 2 (1): 81-88, 2011



Physiological cost of video gaming

participants played the same predetermined levelThe Actiheart wire connecting the two components
which was identified in advance. The game requiredvas placed in a straight position but not tautoPrd
participants to use a handheld controller to mdateu electrode attachment, participants prepared the atki

a character through a level of game play whilstthe electrode sites based on the Actiheart manurfct
destroying enemies provided by the computer gameguidelines (4). Specifically, each participants duse
and collecting points. During step-powered gamingtowel to rub the skin with enough vigour to remake
participants were additionally required to steptbe top layer. Normal redness was apparent but of no
spot in order to activate the video game contraledl  concern, and this process ensured sufficient detect
thus manipulate the movements of the onscreenof R wave signals by the sensor. Before each
character. Game play dmego Indiana Joneswas self- measurement period, the manufacturer recommended
paced, and participants used the Wii remote andignal test was conducted to ensure that the HRabig
nunchuk attachment as specified in the gamevas adequately detected. The Actiheart was sdteto t
instructions and previously described (9). Tofdew  short-term  recording mode, which records

gaming time for each participant was 30 minutes. continuously over 15-second intervals during regtin
periods and experimental trials. The same monits w
Peripheral device (jOG) used for all participants. The data was downloaded

after each trial using a reader interface unit and
The investigated peripheral device is the jOG syste analysed using the manufacturer’s software (Actihea
which is compatible with the Nintendo Wii. The v4.0.7, Cambridge Neurotechnology Ltd, Cambridge,
standard set-up for the Nintendo Wii was used,thad UK).
console was connected to an overhead projector and
displayed on a wall screen in front of the partieits.  Statistical analysis
The jOG peripheral device links a pedometer that is
worn on the hip to the nunchuk controller and reggii  REE (j.kg".min) and RHR (bpm) were averaged
gamers to step in place in order to use the doeati based on recorded measurements from the last 2 %
controls to generate onscreen character movementinutes of collected data during the resting pHa3e
within the video game. For every step recordedhlgy t For each activity and each participant, HR was
pedometer, the gamer obtains 1-second of onscreeneasured and PAEE (j.Rgnin™') was estimated from
movement. Consequently, for continuous game playthe data collected by the Actiheart monitor usihg t

sustained stepping is required. Actiheart software (Actiheart version 4.0.7; 1). HR
and PAEE were calculated using all data during the

I nstrumentation full 10 minutes of each activity. Total energy
expenditure (TEE) was then calculated from PAEE by

Actiheart adding REE. Participant-specific  metabolic

equivalents (METS) were calculated for each trial b
REE and physical activity energy expenditure (PAEE)using the following formula: METS = TEE/REE (1).
were measured using an Actiheart monitor. Thelhe estimated energy expenditure as calculated from
Actiheart monitor is a one-piece combined heart ratthe measurements from the Actiheart monitor was als
(HR) and movement sensor that has the primarysed to estimate the number of kcal expended when
purpose of predicting PAEE based on measuremeng@articipating in each activity for one hour by ugihe
of acceleration and HR (3). The sensor has a nfes o following formula: TEE X mass/1000/4.18 (15).
g and consists of two components, i.e., one compone Maximum HR (HR.,,) was estimated for each
that is 7 mm thick with a diameter of 33 mm andparticipant by using the following formula: 205.8 —
another component that measures 5 x 11 x 22 mm. TH685(age); this formula has been reported as th&t m
two components are connected by a thin, flexibleewi accurate general equation for estimating &Rin
that is 100 mm in length. According to previous adults (18).
research, Actiheart is a reliable and valid toot fo All data was statistically analysed using SPSSieers
measuring HR and movement in adults during restl7. Initially, independent t-tests were conducted
walking, and running (3). investigate gender differences in the anthropometri
In the present study, an Actiheart monitor wasdata. The main analysis consisted of a repeated
attached to each participant  with  two measures analysis of variance (gender (2) x tégl (
electrocardiography (ECG) electrodes (52 x 54 mmfor HR, TEE, METS, and kcal. Where needed,
AgC1, Red Dot 2570, 3M). The medial electrode wascorrections for violations of sphericity were made
attached to the skin at the base of the sternuthfren using the Huynh-Feldte(> 0.75) or Greenhouse-
lateral electrode was place horizontally to the $ede.  Geisser epsilore(< 0.75). Then-level for determining

Arch Exerc Health Dis 2 (1):81-88, 2011 83
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Figure 1: Variability in TEE across activities.
statistical significance was setpa& 0.05. L min™ greater during self-paced jogging € 0.01) as
compared to that of females.
RESULTS _ _
Metabolic Equivalents (METs) and
Descriptive Data kilocalories (kcal)

Several gender differences were observed in the daf\ significant trial main effect for METsp(< 0.01) and

(Table 1). Males were taller, had a greater bodgsn kcal (p < 0.01) was observed. Post hoc analyses
and jogged at a faster speed than females (.01). indicated that the MET values and kcal expended
Male RHR was significantly lower than femalgs  during step-powered video gaming were significantly

0.05). No other significant differences were oledr  higher as compared to that of sedentary PlayStation
in the descriptive data. video gaming, sedentary Wii video gaming, and

leisurely walking; yet, it was significantly lowehan
that of jogging p < 0.01). METSs during step-powered
interactive gaming were 2.7 and 2.9 METs highentha
that of sedentary PlayStation and sedentary Wigwid
Figure 1 shows the variability in TEE across thegaming, respectively, and comparable to brisk wajki
different trials. A significant trial main effeavas (4.0 METs; Table 2). Therefore, based on the tesul
observed f§ < 0.001). Post hoc analyses revealed thabne hour of step-powered video gaming would expend
TEE during step-powered video gaming wasan extra 243.4 and 268.1 kcdl.tas compared to
significantly higher than that during the otheradd sedentary PlayStation video gaming and sedentary
gaming activities § < 0.01). However, TEE during Wii video gaming, respectively(< 0.01; Table 3).
step-powered video gaming was significantly lowerThe trial x gender interaction for METp € 0.05) and
than jogging | < 0.01). Step-powered video gaming kcal expended p( < 0.001) were also significant.
expended 257.1 j.Kgmin® and 278 j.kg.min® more  Further investigation revealed that when compaced t
TEE than sedentary PlayStation and sedentary Wgedentary PlayStation video gaming, the MET values
video gaming, respectivelp & 0.01). and kcal expended by males were lower during
The trial x gender interaction was also significenk  sedentary Wii gamingp(< 0.05) and higher during
0.01). Contrast revealed that, compared to reate m jogging (METS: p < 0.05; kcal: p < 0.001) as
TEE was 69.2 j.kd.min® greater during sedentary compared to those of females.
PlayStation video gamingp(< 0.01) and 190.6 j.kg

Total Energy Expenditure (TEE)

84 Arch Exerc Health Dis 2 (1): 81-88, 2011
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Figure 2: Variability in HR across activities.

Table 3 shows the estimated average time taken )| SCUSS| ON

expend 150 kcal. The results indicate that theetim

taken to expend 150 kcal during step-powered video

gaming is significantly less than that of sedentaryActive video games significantly increase in energy
PlayStation video gaming, sedentary Wii videoexpenditure as compared to sedentary video games in
gaming, and leisurely walkingp( < 0.01) and young people (8, 9, 10, and 14). The physiological
significantly greater than joggingp (< 0.01). In cost of active video gaming using the Nintendo Wi
addition, males would take less time than femates thas also been reported as significantly greaten tha
expend 150 kcal during sedentary PlayStation videgedentary video gaming but lower than that for

gaming and all ambulatory activities (Table 3). treadmill exercise in adolescents, young adultgl an
older adults (10). However, beyond this study]ditt
Heart Rate (HR) research examines the physiological responses to

active gaming in older populations or compares such
Figure 2 shows the variability in HR across theresponses with those responses to exercise orrdisthe
different activities. The trial main effect was Sports in the same sample population. Moreoverthyou
significant p < 0.001). Post-hoc analyses revealed thafocused research has examined a small range ofsgame
compared to step-powered video gaming, thdor use on specific consoles, which may become
participants’ heart rate during rest, sedentanforing over time due to over-familiarisation and
PlayStation video gaming, and sedentary Wii videodiscourage sustained use, thereby negatively inmgact
gaming was significantly lowerp( < 0.01) and any long-term health benefits (16). This study
significantly higher during joggingp(< 0.01). The €xamined the physiological responses to game play
trial x gender interaction was also significant. using a peripheral device (JOG) that encourages-ste
Contrast revealed that, compared to rest, males’ HROWered video gaming that can be used for multiple
was greater during sedentary PlayStation videideo games. Additionally, this study focused on
gaming p < 0.05) and when joggingp(< 0.05) university students and compared the findings to
compared to females’. sedentary equivalents and more traditional ambryato

activities.

Energy expenditure and HR during step-powered

video gaming (i.e., 406.3 j.Kgmin® and 108.3 bpm,

respectively) were significantly greater than thiat

Arch Exerc Health Dis 2 (1):81-88, 2011 85
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Table 1: Sample characteristics (mearsD)

Males Females Group

(n=9) (n=10) (n=19)
Age (years) 22.7+ 2.6 24.3: 4.0 23.6:34
Stature (m) 1.79+ 0.04** 1.65+ 0.06** 1.71+0.09
Body mass (kg) 73.6£6.1% 61.2+ 4.2** 67.1£8.1
Body massindex (kg.m-2) 23.0£1.6 22.6t1.5 22,815
Resting heart rate (bpm) 59.3+ 8.2* 69.2+ 10.7* 64.5+ 10.6
Resting energy expenditure (j.kg-1.min-1) 97.7£ 9.5 99.6+ 13.9 98. A 11.7
Leisure Walking (km.h-1) 48+04 48+0.7 48+0.6
Brisk Walking (km.h-1) 6.2+ 0.7 6.1+ 0.7 6.1+ 0.7
Jogging (km.h-1) 9.5+ 0.6** 8.5+ 0.4** 9.0£0.7

Gender differences: pj <0.05; ** p <0.001

sedentary gaming on the PlayStation (i.e., 14%& j. similar to those found by Graves et al. (10), who
! min and 80.2 bpm, respectively), sedentary gamingeported that active video gaming using Nintendo Wi
on the Nintendo Wii (i.e., 128.4 j.Kgmin™ and 77.7  Fit elicited energy expenditures of 178.8 to 34§
bpm, respectively) and leisurely walking (i.e., 308 min® (i.e., depending on activities in which the
j.kg™.min? and 100.5 bpm, respectively). However, participant engaged), and jogging elicited energy
the energy expenditure and HR during step-poweredxpenditures of 764.7 j.Kgmin™ in their sample of
video gaming is comparable to that of brisk overyoung adults. The present study found that theggner
ground walking (i.e., 388.1 j.kKgmin® and 113 bpm) cost of step-powered gaming was similar to brisk
and lower than that of jogging (i.e., 714.5 j*min®;  walking; however, Graves et al. (10) reported self-
150.7 bpm) in this sample of university studentse T paced brisk treadmill walking elicited significantl
lower energy cost of step-powered gaming aggreater energy expenditure (i.e., 429.7 jkgin™)
compared to that jogging of is likely because fewerthan an aerobic activity session on Wii Fit that
body movements and hence muscle contractions atiacluded step aerobics, hula hoops, and joggire, (i.
required for the step-powered gaming as compared t845.3 j.kg".min™). The difference in these findings is
jogging. This highlights the fact that such playnis likely due to the fact that step-powered gaming is
substitute in terms of energy expenditure formore continuous in nature than play on the short
traditional strenuous aerobic exercise, like joggin duration Wii Fit activities. Specifically, the rest
and thus supports studies that have derived similgoeriods between the Wii Fit activities lead to dess$
conclusions in child populations (8). Comparablein VO, and hence energy expenditure.

energy costs to moderate intensity activities (&), The American College of Sports Medicine (ACSM)
like brisk walking, suggests that step-powered gami and the American Heart Association (AHA) (11)
has the potential to contribute to daily, healthrecommend a minimum of 150 kcal per day in
benefiting physical activity recommendations for UK physical activity based energy expenditure or
adults, i.e., at least 30 minutes of moderate Bitgn approximately 1,000 kcatk® for adults. Based on
physical activity (7). group energy expenditure data expressed in
The energy expenditure comparisons between activitykilocalories, one hour of step-powered video gaming
based video gaming and jogging in this study aren the investigated video game would expend

Table 2: Estimated METS for each of the six trials (meaB)

Activity Males Females Group
(n=9) (n=10) (n=19)
Sedentary PlayStation 2 gaming 1.9+0.7* 1.2+ 0.2* 1.5+ 0.6
Sedentary Wii video gaming 1.4+ 0.6 1.3t 0.3 1.3+ 0.5
Step-powered Wii video gaming 43114 41+1.0 4.2+1.2
Leisurewalking 35+1.0 2.9+0.8 3.2+0.9
Brisk walking 42+05 3.8+t1.1 4.0+0.9
Jogging 8.4+1.7* 6.4+ 1.2* 7.3+£1.8

* Significant gender differencg,< 0.01
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Table 3: Estimate of expended kcal during one hour of pigdigon (mean = SD) and average time taken to exd&® kcal
(T=150 min)

kcal.h-1 T=150 (min)

Activity Males Females Group Males Females Group

(n=9) (n=10) (n=19) (n=9) (n=10) (n=19)
Sedentary PlayStation 2 gaming ~ 195.9 + 82.4** 103.8 £ 30.4**  147.4+75.6 53.9£22.3*  92.3+215* 74.1+299
Sedentary Wii video gaming 1429 +57.1 107.3+£21.0 124.1+44.38 69.8+ 19.3 86.% 17.3 78.8:19.9
Step-powered video gaming 433.8+116.9 349.4+£62.3 388.8+99.7 22.0t 5.6 26.7+5.4 245+ 5.8
Leisure walking 356.5 +101.5 249.3 £60.3* 300.1+ 97.1 27.3t 8.6* 38.0+ 8.8* 32.9+10.0
Brisk walking 425.2 +£55.3* 327.6 £ 78.8* 373.8+£83.5 21.5:2.7* 28.9+ 7.1** 25.4+ 6.6
Jogging 858.3 £169.3**  547.0 + 74.0* 694.5+ 202.4 10.% 2.3* 16.7+ 2.2%* 14.0+ 3.7

Significant gender difference * p<0.05 ** p<0.01
Note: T = 150 represents the average time takemgend 150 kcal during the different activities eridken.

approximately 430 kcal in males and 350 kcal inbe a more appealing way to increase regular physica
females. Therefore, approximately 2 ¥ hours of-stepactivity and energy expenditure for inexperienced
powered gaming would be necessary to reach thgamers than other active video games with whick the
weekly recommendation. Fifty percent of 16 to 24are unfamiliar.

year olds in the UK report playing sedentary videoSeveral studies have reported the effects of active
games three to seven times per week fowideo games on children’s physical activity levatsl
approximately 1 % hours per session (17). Comparednergy expenditures (8, 10, 12, 14, 16, and 19).
to sedentary gaming, the energy expenditure fq-ste However, fewer studies have reported such effects i
powered gaming was at least 240 Kcalgreater, adult populations (10 and 19). This study built on
which is similar to the difference observed betweerprevious research by investigating an adult pomnat
sedentary gaming and game play using the EyeTognd using a step-powered interactive gaming system
baseball game (i.e., 258 kdat 14). Therefore, if that is compatible with multiple video games.
video game players replaced sedentary gaming withlowever, some limitations should be noted. Energy
step-powered video gaming, an excess energgxpenditure was predicted rather than directly
expenditure of approximately 1000 to 2500 kcal doul measured, but the Actiheart monitor is considered a
accrue each week. This increased energy expenditureliable predictor of energy expenditure in ad{s
could contribute towards weight management andespite detecting statistically significant diffeces in
benefit health by converting video gaming from aenergy expenditure and HR, the results are appiicab
sedentary to active pastime through such devicesnly to university students of ages similar to sfedy
Future studies are needed to assess the sustijnaebil population and to the investigated video games. A
step-powered video gaming and any associated gffectarger sample using individuals of different agesym

of habitual physical activity and health. exhibit  different responses to the activities
Sell et al. (19) found that when playing a danceinvestigated. The study was laboratory based ansl th
simulation game, experienced gamers took 14.%nay not offer conditions that can be replicatedhia
minutes to expend 150 kcal, while inexperiencedhome. The results are only indicative of the acute
gamers required 32.2 minutes, i.e., significantlyresponses of the participants to each activity aver
longer, to achieve the same results. They suggesteghort period of time on one occasion. However,libe
that experienced gamers had the capability to play minutes given for each activity was not a burdeth&®
higher level of difficulty, leading to higher engrg participants and similar to the time provided in
demands due to more continuous gaming time (19). Iprevious studies that examine the energy costs of
the present study, step-powered video gaming fé24 activities (12 and 14). Longitudinal studies evéhm
minutes (Table 3) would result in a 150 kcal whether training or learning effects associatedhwit
expenditure, i.e., approximately halfway betweea th repeated step-powered gaming influences
times required to expend 150 kcal for experiencetl a physiological responses are warranted to deterthime
inexperienced gamers using the dance simulatiofong-term ability of the device to increase phykica
game. Since participants in this study only engdged activity and energy expenditures.

prior play with the step-powered peripheral device

during the familiarisation session, they would beCONCLUSION

considered inexperienced with the device. Therefore

for inexperienced gamers, step-powered video gamingtep-powered video gaming increased energy

expends 150 kcal at a faster rate than gaming @n thyynenditure and HR as compared to sedentary video

dance simulation game (19). Given its multi-videogaming. Physiological responses during step-powered
game compatibility, step-powered video gaming may

Arch Exerc Health Dis 2 (1):81-88, 2011 87
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gaming were comparable to that of brisk walking.?-
Recommended minimum activity and exercise
guidelines (7 and 11) can be met through step-paaver
video gaming, but the sustainability of this apmgioa s.
has not been established. The greater health benefi
associated with traditional jogging as compared to
step-powered gaming are highlighted by theg
significant differences in HR and energy expenditur
for the two activities. Step-powered video gaming
could be used as an entertaining and appealingdool
increase physical activity, but it should not bediss

a complete substitute for traditional aerobic eiserc
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