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Abstract

To determine intensity of Nintendo Wii Fit games using indirect calorimetry. Twenty-five
college students completed Wii Fit activity sessions at two difficulty levels within aerobics,

strength, and yoga categories. Resting metabolic rate and exercise \/'O2 were measured and

metabolic equivalents (METSs) were calculated. Measured METs and calculated METSs ranged
from 2.30 £+ .42 and 2.44 + .38 for Yoga to 5.73 + 1.36 and 6.04 + 1.09 for aerobics,
respectively. All selected Wii Fit activity intensities were significantly higher than resting, p <
.001; aerobic and strength activities met the moderate intensity threshold (3 METS, p < .001),
yoga activities did not (p < .005); aerobic and yoga activities of medium difficulty were more
intense than the corresponding easy-rated activities (p < .005). There were no statistical
differences between measured and calculated METs. Wii Fit has potential as an effective tool
for helping college-age individuals increase their PA.

Keywords: metabolic equivalent; energy expenditure; exercise-themed video game; physical activity intervention;
physical activity prescription

Introduction

Despite the well-documented health benefits of physical activity (PA), many Americans are still living sedentary or
less active lifestyles (Bennett, Wolin, Puleo, Masse, & Atienza, 2009; Hawkins et al., 2009; King, Mainous,
Carnemolla, & Everett, 2009). According to the Health People 2010 Database (Center for Disease Control and
Prevention [CDC], 2010), more than one fourth of US adults did not participate in any leisure time PA in 2008; and
only one third participated in the recommended level of PA. Over the years, many intervention programs have been
developed to increase PA participation, yet the success seems to be limited. The fact that the prevalence of
Americans who are inactive has not changed much in the past decades (CDC, 2010; Pate et al., 1995; U.S.
Department of Health and Human Services [USDHHS], 2008) indicates a clear need for more effective PA
interventions.

Technology is often blamed for decreases in individuals PA levels. However, the continued development of
interactive technology has facilitated some incredible advancement in the PA promotion field (Zhu, 2008). Since a
majority of people in the U.S. now have access to different technological advances through personally owned, work,
or public use equipment, the use of technology has significant potential for increasing PA on a large-scale basis
(Nigg, 2003; Zhu, 2008). Longitudinal studies have found that the use of technology could theoretically provide
greater access to PA interventions and may be the most efficient technique for promoting and implementing future
interventions (Hillier, 2008). Research has already begun examining the use of technology such as active video
gaming systems as a PA promotion tool (Graves, Ridgers, & Stratton, 2008; Sell, Lillie, & Taylor, 2008; Tan, Aziz,
Chua, & Teh, 2002).

In the past, active video game play was found mostly in arcades due to the large size of game consoles such as
Dance Dance Revolution. Therefore, access to these games was limited. The recent evolution of home based video
game consoles by Nintendo revolutionized home video game play by incorporating player movement into video
game control (Nintendo of America Inc., 2009). The improvement of video game consoles to home based systems
has significantly increased the number of people who can now access this technology (Williams, Yee, & Caplan,
2008). The Nintendo Wii system uses unique motion sensing technology to determine the location of handheld
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controllers, called the Wii remote and Wii nunchuk, while lower body movement is sensed from the Wii Balance
Board placed on the floor. The ability of game designers to incorporate movements for successful game play has
allowed for the creation of exercise-themed games.

One such exercise-themed game is “Nintendo Wii Fit”, which was the first fitness game released and has remained
the most popular in the U.S. since its inception (VGCharts Network, 2009). Wii Fit uses the Wii remote, nunchuk,
and Balance Board for the completion of Wii Fit activities that require both upper and lower extremity movement
during game play (Nintendo of America Inc., 2009). Wii Fit includes over 40 activities in four different components
of fitness (Nintendo of America Inc., 2009): aerobics, strength, yoga, and balance (See Table 1 for a full list of
activities). Aerobic and balance game activities incorporate on screen mini games such as snowboarding or boxing
to complete these activities; strength and yoga activities are accomplished by following an on screen trainer who
demonstrates proper technique. The Wii Fit exercise game also offers three difficulty levels for each fitness
component, categorized as easy, medium, and hard.

Given the popularity of Nintendo Wii, the use of this game system to promote PA seems promising. The popularity
of the Wii implies greater access to exercise-themed games and allows interventions to be developed that could
reach larger populations. Initial studies have indicated that energy expended while playing the Nintendo Wii is
greater than traditional video game play and resting energy expenditure (Graves et al., 2008; Graves, Stratton,
Ridgers, & Cable, 2008; Mellecker & McManus, 2008).

Knowing the energy expenditure of an activity is important for effective PA prescriptions. An essential component
used to calculate the energy cost of a specific activity is the activity’s intensity level. Research has shown that
training adaptations occur due to a combination of three factors: frequency, intensity, and duration of PA. Current
PA recommendations state that the frequency and duration of PA recommendations change based on an activity’s
intensity level (USDHHS, 2008). For example, for aerobic exercise, a person can manipulate exercise intensity and
frequency, and exercise five times a week at moderate intensity for 30 minutes or three times a week at vigorous
intensity for 25 minutes. Both moderate and vigorous intensity exercises result in benefits, but a person can choose
to exercise more frequently at a lower intensity or less frequently at a higher intensity for positive health adaptations.
One measure of intensity level are metabolic equivalent (MET) values, which are numeric values equivalent to the
number of times above resting energy expenditure that an activity requires. One MET is equal to the amount of
energy that the body expends at rest and is fixed at 3.5 mL/kg/min (Aisworth et al., 2000). PA professionals use
METs to quantify intensity level of an activity. For example, moderate aerobic activities are classified as expending
3.0 to 5.9 METs and vigorous intensity aerobic activities require expending 6.0 METs or more (Ainsworth et al.,
2000; USDHHS, 2008). The PA recommendations suggest that individuals participate in at least 150 minutes of
moderate intensity or 75 minutes of vigorous intensity aerobic activity each week (USDHHS, 2008).

Compendia of PA intensities have been developed to help differentiate intensity levels between everyday activities
and improve exercise prescription (Ainsworth et al., 2000). The most recent update of the Compendium (Ainsworth
et al., 2011) has included METSs of Wii activities. However, the intensity levels of Wii game activities have not been
thoroughly researched. For example, Wii activities were classified into three categories (i.e., low effort, moderate
effort and vigorous effort) in the updated Compendium with one universal MET value for each category (Ainsworth
et al., 2011). It is not clear whether the aforementioned three categories are corresponding to the three difficulty
levels (i.e., easy, medium difficulty and hard) defined by Wii Fit game system. Wii game players may be more
familiar with the difficulty levels than the effort levels. Therefore, to give users more information about the calories
they might expend while playing Wii, it would be helpful to provide them with information about the METs of Wii
activities at different difficulty levels rather than using effort levels.

In addition, research has shown that the standard resting metabolic rate (RMR) of 3.5 mL/kg/min used to calculate
METSs in the PA Compendium is significantly higher than the measured, individual’s own RMR (e.g., Byrne, Hills,
Hunter, Weinsier, & Schutz, 2005). This means METs computed from the standard RMR (the calculated METS)
would be lower than METSs calculated from measured RMR (the measured METS). Thus, energy cost of an activity
may be underestimated if the calculated METs were used. A correction factor has been recommended to adjust the
calculated MET values in such situations (Byrne et al., 2005). However, it is not clear whether an adjustment is
needed for estimated versus calculated METSs of Wii activities. Therefore, it is important to determine if a difference
exists between the measured METSs and the calculated METs of Wii Fit activities so that the energy expenditure
while playing Wii games can be accurately estimated.
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Given the potential for the Nintendo Wii to become a valuable PA intervention tool, the need to better understand
the energy expenditure and intensity aspects of active video gaming has arisen. The purpose of this study was to
provide detailed information regarding intensity levels of playing several selected Nintendo Wii Fit games using
indirect calorimetry. More specifically, this study was designed to determine: (a) if the METs of selected Wii Fit
activities were greater than the resting MET; (b) if the selected Wii Fit activities met the moderate PA intensity
threshold; (c) if there was a difference in METs of selected Wii activities between different difficulty levels; and (d)
if there was a difference between the measured METSs and the calculated METSs in Wii Fit activities.

Methods
Participants

Twenty-five college students (20 females, 5 males) aged 18 to 29 yrs who had used the Wii less than 10 previous
times were recruited from a university campus through e-mails, posted announcements, and word of mouth. Because
participants’ RMR and working metabolic rates were measured and used in this study to determine activity
intensities for the selected Wii Fit activities, the factors that might affect RMR were controlled. Participants were
excluded if they had one of the following conditions: outside the age range of 18-29 years, taking any medications
that would affect metabolic rate (e.g., beta-blockers or diet pills), or having previous self-reported injuries that might
limit mobility or their ability to complete the selected Wii game activities (Pollock et al., 1998). In addition,
individuals with previous seizure episodes or epilepsy diagnosis or with body weight exceeding 135.87kg (300
pounds) were excluded from the study to comply with the manufacturer recommendations for Wii game play
(Nintendo of America Inc., 2009). This study was approved by the Institutional Review Board and a written
informed consent was obtained from all participants prior to data collection.

Selected Wii Game Activities

The “Nintendo Wii Fit” includes over 40 game activities in four different components of fitness: aerobics, strength,
flexibility, and balance. It also offers three difficulty levels for each fitness component, ranging from easy to hard.
The intent of the current study was to determine the intensity levels of selected aerobics, strength, and yoga
flexibility activities at easy and medium difficulty levels. Aerobic activities consisted of running-type activities and
were the Basic Run Short (easy) and the Basic Run Long (medium difficulty) from the game. Lunges (easy) and
Single Leg Extensions (medium difficulty) were the strength activities. The yoga activities included the Warrior
Pose and the Chair Pose. Table 2 presents a full description of these activities.

Measures

Participants completed a consent form, a demographic and general health questionnaire (e.g. age, gender, Wii usage,
current medications), the PA readiness questionnaire (PAR-Q; Thomas, Reading, & Shephard, 1992), and the
International PA Questionnaire (IPA-Q; Craig et al., 2003; Fogelholm et al., 2006). The PAR-Q is a standard
screening tool that is recommended by the American College of Sports Medicine (ACSM) for exercise testing and
prescription (Thompson, Gordon, & Pescatello, 2010). It was used in this study to determine if a participant was
unlikely to experience adverse cardiac and orthopedic events during participation in the selected Wii activities. The
IPA-Q has been validated for PA assessment in 15-69 year olds and was used to determine the participants’ self-
reported PA level in this study. The IPA-Q measured duration and frequency that participants engaged in moderate
and vigorous PA in the domains of work, transportation, household and leisure during the last seven days. The IPA-
Q response scores were expressed as energy expenditure in the format of MET-minutes/week, which was then used
to classify participants into high, moderate, or low activity categories according to the standard IPA-Q scoring
protocol (Craig et al., 2003).

Height was measured to the nearest half centimeter using a stadiometer (Seca, Chino, CA). Body mass was
measured using a BWB-800S Digital Scale (Tanita Corporation of America, Arlington Heights, IL). Skinfold
measurements (rounded to the nearest tenth of a millimeter) were taken using a Harpenden skinfold caliper (Baty
International, Sussex, England) on gender-specific sites: Chest, abdomen and thigh skinfolds for males, and triceps,
anterior suprailliac and thigh skinfolds for females (Jackson & Pollock, 1978; Jackson & Pollock, 1980). The
validated Jackson-Pollock 3-site body density equations and the Siri equation were used to calculate percent body
fat (Jackson & Pollock, 1978; Jackson & Pollock, 1980; Jackson & Pollock, 1985; Wilmore, 1978).

3
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Heart rate was measured with a Polar heart rate monitor (Polar Electro, Inc., Kempele Finland). The rate of relative

oxygen uptake (\/Oz; mL/kg/min) was measured breath to breath using a TrueMax 2400 Metabolic Cart

(ParvoMedics, Salt Lake City, Utah), a valid device for measuring gas consumption and production during exercise
and at rest (Bassett et al., 2001; Crouter, Antczak, Hudak, DellaValle & Haas, 2006; Hodges, Brodie, & Bromley,
2005). The metabolic cart was calibrated prior to each data collection session following the manufacturer’s protocol.
Each Wii game activity was played for a minimum of three minutes to ensure that a steady state was reached. Steady
state was determined by measured heart rates in consecutive minutes with less than five beats per minute variability.

The \/'O2 for each Wii game activity was determined as the average of the final two minutes of the activity. The

measured Metabolic Equivalents (MET) values were calculated by dividing VOZ by each participant’s own RMR,

and the calculated METs were computed by dividing VOZ by standardized RMR of 3.5 mL/kg/min.

Procedure

Each participant was required to come to the research lab for a total of four visits. During Visit one, participants
were asked to complete a consent form, the demographic and general health questionnaire, the PAR-Q, and the IPA-
Q. These questionnaires were reviewed and all participants passed the screening for study enrollment. Therefore,
they were scheduled for another three visits. Participants were instructed to dress for activity, fast for 12 hours, and
refrain from vigorous PA 24 hours prior to arrival for Visit two.

During Visit two, after measuring height, weight, and completing skinfold measurements, participants sat in a
comfortable position and relaxed for 20 minutes. Then their resting heart rate (RHR) was measured using the heart
rate monitor, followed by the measurement of RMR with the metabolic cart for 10 minutes. Participants were then
given at least 30 minutes to play and become familiar with the Wii system. Participants were reminded to refrain
from high intensity PA for 24 hours prior to the Wii game play sessions (Visits 3 and 4).

During Visits 3 and 4, VOZ was measured using the metabolic cart during six selected Wii game activities, each
lasting at least three minutes (ranging 3 to 7 minutes). The Wii strength activities typically ranged from 10
repetitions to 30 repetitions with three levels of repetitions for each activity which can be selected by the user. In this
study, the middle repetition number was selected for the two strength activities, which required 20 repetitions from
each side of the body. The activities and pace are most similar to what would occur in a circuit style group exercise
class using body weight or small dumbbells as resistance. The yoga poses were repeated with each set lasting
between 30 to 60 seconds; individuals were required to stress the limits of the range of motion around a specific
joint.

The testing order of the six Wii activities was randomly determined by each participant to eliminate the effect of
testing order on study results. Each of the six Wii activities was assigned a starting number based on rolling dice.
Participants then rolled the dice to determine their starting Wii game activity; the second and third Wii game
activities were the next two sequentially numbered activities. The second Wii game play visit continued with the
next sequentially numbered activity followed in order by the final two Wii game activities (e.g., if a three was rolled
then the first Wii activity of the fourth visit would be activity number six, followed by number one and number
two). Table 2 presents a schematic of the order of the activities.

Prior to the start of each Wii activity, a demonstration of that activity was shown to each participant. Additional
technique and form instructions were given to ensure the proper completion of each activity. Participants then
completed a five-minute warm-up by walking at a self-selected ungraded speed on a treadmill; next, they wore a

heart rate monitor and were connected to the metabolic cart for \/'O2 measurement. Participants then completed the

Wii game activity protocol according to the randomly determined testing order. Participants were given a rest period
in between the Wii activity sets to ensure no effect from the previous activity. The rest period was completed when
the participant’s heart rate dropped below 120% of his/her RHR. Upon completion of the Wii game activity
protocol, participants cooled-down by walking on a treadmill until heart rate had fallen to within 30 beats of RHR.
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Data Analysis

SPSS 18.0 (Chicago, IL) was used for all statistical analyses. Descriptive statistics were conducted for age, gender,
height, weight, body mass index (BMI), body composition, Wii familiarity, IPA-Q scores, the resting physiological

parameters such as RHR and RMR, and \/'O2 and METs for each selected Wii game activity. One sample t-tests

were used to determine if the METs of each Wii game activity were significantly higher than 1 MET (the standard
resting MET value) and if intensities of playing the Nintendo Wii Fit games met or exceeded 3 METSs, the moderate
PA intensity level recommended by ACSM (Pate et al., 1995; USDHHS, 2008). A set of repeated measures
ANOVAs was used to determine if Wii game activities at the medium difficulty level had significantly higher MET
values compared to the easy Wii game activities, and whether there was a significant difference for each activity
between the measured METS and the calculated METSs. Due to the fact that both PA levels and body composition
affect RMR (Byrne et al., 2005; Hoeger & Hoeger, 2008) -- which can ultimately affect the calculation of METS --
self reported PA scores from IPA-Q and percent body fat were used as covariates when analyzing the MET
differences. Statistical significance for MET value comparisons in this study was set at .005 to account for the
potential inflation of type I error due to multiple comparisons, and the fact that the dependent variables (i.e., the
MET values of these activities) were likely correlated. In addition, Partial Eta Squared (a measure of effect size) and
statistical power were reported when relevant. An effect size with Partial Eta Squared of .04 is typically considered
small, and .25 and .64 are considered medium and large, respectively (Cohen, 1988; Ferguson, 2009; Pierce, Block
& Aguinis, 2004).

Results

Table 3 reports the demographic, physiological, and physical activity characteristics of the sample overall and by
gender. The sample consisted of 20 female and 5 male participants (age: 22 + 2 years; mean + SD) who were
physically active (IPA-Q score = 4482 + 2822 MET-min/week) and fit (BMI = 23.31 + 3.01 kg/m?, body fat = 17.92
+ 6.22 %, and lean body mass = 54.36 + 9.97 kg). Male participants were significantly taller (p = .004) and heavier
(p < .001) than female participants. Male participants also had significantly higher BMI (p = .007) and lean body
mass (p < .001) than female participants, but there were no gender difference in percent body fat (p = .18). No
statistically significant gender differences in the IPA-Q scores (in the format of MET-min/week) and RMR were
revealed, t(23) = 1.80, p =.09 and t(23) = .25, p = .80, respectively.

Table 4 presents average V02 and measured and calculated MET values for the participants. Average V02 ranged
from 8.53 + 1.33 mL/kg/min for the Yoga Warrior activity to 20.98 + 3.65 mL/kg/min for the aerobics Basic Run

Long activity. Correspondingly, the mean measured MET (activity \/.O2 divided by participant’s own RMR) and

calculated MET (activity V.O2 divided by a standard RMR of 3.5 mL/kg/min) ranged from 2.30 + .42 METs and
2.44 + .38 METSs for the Yoga Warrior activity to 5.73 + 1.36 METs and 6.04 + 1.09 METs for the Basic Run Long

aerobic activity, respectively. The aerobics themed activities had the highest VOZ and MET values, followed by the

Wii strength activities, then the two yoga poses. The MET values of both yoga and strength activities in this study
were similar to those listed in the 2011 PA Compendium (2.3 METSs for yoga and 3.8 METSs for strength activities,
respectively). Although aerobic activities had higher METs (p < .0005) in this study compared to the 3.8 METs
listed in the Compendium, they are still in the moderate intensity category (Ainsworth et al., 2011).

METs of Selected Wii Activities Compared With Resting MET

A set of one-sample t-tests was conducted to examine if the intensity levels of selected Wii Fit activities were
significantly higher than resting (1 MET). The comparisons were conducted for both the measured and the
calculated METSs of each Wii Fit activity. The lowest metabolic rate for the selected Wii activities was the Yoga
Warrior. The mean measured METs for the Yoga Warrior was 2.30 + .42 METSs, which was significantly higher
than resting, t(24) = 15.53, p < .001. The mean calculated MET score for the Yoga Warrior was 2.44 + .38 METSs,
which was also significantly higher than resting, t(24) = 19.1, p < .001. Statistical analyses revealed that the
measured and the calculated METS of all other activities were significantly higher than resting, with t values ranging
from 15.53 for the Yoga Warrior to 23.04 for the aerobics Basic Run Long, (p <.001).
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METs of Selected Wii Activities Compared With Moderate Intensity Threshold

A set of one-sample t-tests was then conducted to compare the intensity levels of selected Wii Fit activities to the
moderate intensity PA threshold of 3 METSs as defined by ACSM. Activities that were significantly higher in
intensity than moderate activity (3 METS) in both measured METSs and calculated METs were the aerobics Basic
Run Short and Long activities, with t(24) = 8.15 for the measured METSs and t(24) = 11.25 for the calculated METS
for the Basic Run Short activity, p < .001; and t(24) = 10.04 for the measured METs and t(24) = 13.90 for the
calculated METS for the Basic Run Long activity, p < .001.

The measured and calculated MET values for each yoga activity were significantly lower than the moderate PA
intensity threshold of 3 METS, with t(24) = -8.37 for the measured MET value and t(24) = -7.45 for the calculated
METSs for Yoga Warrior activity, p < .001; and t(24) = -6.82 for the measured MET value and t(24) = -3.35 for the
calculated METS for Yoga Chair activity, p = .003.

No statistical differences were found between the measured METS of strength activities (t(24) = 1.49, p = .15 for
Lunges and t(24) = 2.49, p = .05 for Single Leg Extension) and the moderate PA intensity threshold of 3 METS,
meaning that lunges and single leg extensions, both strength activities, should be considered moderate intensity.
However, the calculated METs were significantly higher for the two strength activities when compared to the
threshold of 3 METS, with t(24) = 3.31, p = .003 for Lunges, and t(24) = 4.08, p < .001 for Single Leg Extension.

MET Differences between Difficulty Levels

A set of repeated measures ANOVAs was conducted to determine if the intensities between easy and medium
difficulty activities were statistically different. The results indicated that medium difficult Basic Run Long aerobic
activity (measured METs = 5.73 + 1.36 METSs) was significantly more intense than the easy aerobic activity Basic
Run Short (measured METs = 4.98 + 1.22 METs), F(1, 24) = 24.95, p < .001, Partial Eta Squared = .51, Power =
.99. The significance disappeared when either IPA-Q scores (p = .02, Partial Eta Squared = .22, Power = .69) that
reflected participants’ PA levels or percent body fat (p = .3, Partial Eta Squared = .04, Power =.17) was included as
a covariate in data analysis. The similar results were confirmed for the calculated METSs between Basic Run Short
and Long activities.

There was a statistical difference between the Yoga Warrior MET value intensity (measured METs = 2.30 + .42
METS), and the Yoga Chair pose mean intensity (measured METs = 2.51 £ .36 METS), F(1, 24) = 10.42, p = .004,
Partial Eta Squared = .30, Power = .87. However, no difference was observed when either IPA-Q scores or percent
body fat was included in the analysis, p = .22, Partial Eta Squared = .07, Power = .22 and p = .30, Partial Eta
Squared = .05, Power = .19, respectively. Similar patterns regarding the calculated METs differences between Yoga
Warrior and Yoga Chair were observed.

There was no statistical difference between MET values for easy and medium difficulty levels for strength activities,
F(1, 24) = .90, p = .35, Partial Eta Squared = .04, Power = .15. This was true for both the measured and calculated
METSs, with or without controlling participants’ PA levels or percent body fat.

Differences between Measured METs and Calculated METSs

The measured MET values appeared lower in five (Basic Run Short, Yoga Warrior, Yoga Chair, Lunges, and Single
Leg Extension) of the six activities when compared to the calculated MET values; however, the differences were not
statistically significant according to the alpha level of .005 set for this study; the F statistic ranged from 4.84 for the
easy aerobic activity Basic Run Short to 6.76 for the Yoga Chair activity, p > .005. Additionally, effect sizes (Partial
Eta Squared < .25) were small and statistical power was lower than .7.

Discussion

PA is an essential component to a healthy lifestyle and should be a part of everyday life for all individuals. The
continued development of PA interventions to combat the lack of PA participation among the U.S. population is of
great public heath interest (e.g., Must, Bandini, Tybor, Phillips, Naumova, & Dietz, 2007). The accessibility of the
exercise-themed games such as Nintendo Wii for use at home, in addition to the fun nature of the games provides a
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potential platform for PA intervention. The intensity aspect of these exercise-themed games needs to be thoroughly
examined in order to prescribe these games as part of a PA intervention.

Major Findings

This study was performed to determine the intensity levels of six selected Wii Fit activities through indirect
calorimetry. The major findings were that: a) the METSs of all six selected Wii Fit activities were significantly higher
than resting (1 MET); b) the MET values of the two aerobic activities were significantly higher than the
recommended moderate intensity PA threshold of 3 METS, and the MET values of the two strength activities were
equal to 3 METSs, whereas the intensity level of the two yoga activities was significantly lower than 3 METs. The
METSs values of yoga and strength activities are comparable to those listed in the 2011 PA Compendium whereas the
METs of aerobic activities are significantly higher than the METSs listed in the Compendium (Ainsworth et al.,
2011); c) the aerobic Basic Run Long and Yoga Chair activities at the medium difficulty level were significantly
more intense than the easier aerobic Basic Run Short and Yoga Warrior activities, respectively. However, such
differences disappeared when participants’ PA levels and/or percent body fat were statistically controlled. No
statistical difference in intensity level was found between the two Wii strength activities; and finally d) the measured
MET values were lower in five of the six activities when compared to the calculated MET values; however, the
differences were not statistically significant based on the alpha level set in this study.

Intensity of Selected Wii Fit Activities

The finding that all of the selected Wii Fit activities had an intensity level that was significantly higher than resting
implies that playing these games burns more calories than participating in common sedentary activities such as
watching TV or playing computer games. These results are consistent with other video game research that has found
traditional video games require more energy than resting levels and that active video games require significantly
more energy than traditional video games (Lanningham-Foster et al., 2006; Mellecker & McManus, 2008; Sell et al.,
2008). PA is defined as any bodily movement that requires energy expenditure above resting levels (Hoeger &
Hoeger, 2008). The six selected Wii Fit activities in this study meet this definition and are likely to represent a basic
broad compilation of activities that most individuals would put into a basic exercise routine. Therefore, such results
provide useful information to verify the potential for the Nintendo Wii to be used as a PA promotion tool.

The result that the two selected aerobic activities exceeded a moderate intensity level in an active sample of young
adults is promising. The moderate intensity PA threshold recommendations are important because they provide the
level at which significant health benefits and physical fitness improvements occur. Lower intensity activities, while
beneficial, do not provide the same significant health benefits (Haskell et al., 2007; Hoeger & Hoeger, 2008; Pate et
al., 1995; USDHHS, 2008).

The two selected Wii strength activities also met the moderate PA intensity threshold. This information is unique
given that very few studies have examined the intensity levels of strength activities in METs. The current
recommendations on strength training indicate that strength training should be done twice a week and include all
major muscle groups, include 2 to 4 sets per muscle group at intensity equal to 60% to 70% of 1RM for novice and
intermediate individuals (Haskell et al., 2007; Pate et al., 1995; USDHHS, 2008). While using percentage of 1 RM
to define intensity for strength activities certainly has its advantages for exercise prescription, the caloric
expenditure cannot be directly calculated with such percentages. The two movements used in the strength exercises
portion of the Wii Fit for this study did not appear intense enough to be classified as strength training in this
participant population. However, the MET intensity information obtained for the two Wii Fit strength activities
indicated that the participants were expending similar amounts of energy as if they were engaging in moderate
aerobic activities while targeting some of the major muscle groups (hamstrings, quads, abdominals; Haskell et al.,
2007; Pate et al., 1995; USDHHS, 2008). This information can be used in future exercise and PA prescriptions (i.e.,
when caloric expenditure information would be beneficial for weight management).

The two selected Wii yoga activities resulted in an intensity level that was significantly lower than the recommended
moderate intensity for PA. The yoga poses that were selected in this study were more of the basic poses to ensure
that all participants would be able to complete the poses. These poses lasted from 30 to 60 seconds per set and
required the individual to stress the limits of the range of motion of the joints and commanded balance. Whether or
not the two yoga activities meet the moderate intensity threshold may not be the most important question to answer
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because the moderate intensity threshold is more relevant to aerobic activities. The current ACSM position stand
(Garber et al., 2011) recommends flexibility training on at least 2 days per week with a total duration of 60 sec for
each of the major muscle groups (10 min total). A well-rounded fitness program should include calorie-burning
activities of moderate to vigorous intensity along with strength-building and flexibility activities. Even though the
two yoga activities did not reach an intensity level necessary to meet the moderate intensity PA recommendations,
participation in these yoga activities can help participants improve their flexibility and balance, which are important
components of fitness. In addition, the intensity information of the yoga activities may be useful in a PA prescription
when energy expenditure and flexibility and/or balance are both of interest.

Effect of Game Difficulty on Activity Intensity

Any exercise-themed program would not be complete unless the participant had the ability to increase relative
workload to prevent reaching training plateaus (Baechle & Earle, 2008; Hoeger & Hoeger, 2008). In other words,
easy, medium, and difficult activities should be available so the participant does not get bored and so he or she can
adjust activities once they become easier. Therefore, with the Nintendo Wii Fit, it was important to determine if
activity difficulty was indeed progressive (resulting in higher energy expenditure) as the participant advanced
through levels of difficulty.

The aerobic activity (Basic Run) difficulty levels resulted in a significantly higher intensity level when comparing
the long run to the short run. The yoga activities also had a significant difference in intensity between the two
difficulty levels. However, the differences in both the running and yoga were not significant after controlling for PA
levels and/or body composition. It appears that it was the variations in habitual PA levels and/or body composition
that impacted changes of METS in difficulty level. In other words, percent body fat and PA level appear to affect the
MET values of Wii Fit activities more than the game itself. The two strength exercises did not demonstrate
significant differences in intensity levels between difficulty levels, which indicated that strength activity difficulty
development from easy to medium level did not result in a progression of intensity and may not allow for continued
adaptation as participants become more fit. However, many of the Wii Fit activities had three options for increasing
the difficulty. Theoretically, the intensity would increase for the activities at hard difficulty level compared to those
at the easy or medium difficulty level, but this concept needs further development and validation. Future research is
needed to compare intensity level differences between hard and easier Wii Fit activities. It is possible that the use of
the Wii Fit may be more beneficial only for those at lower fitness levels, but again, that concept needs further
development.

Effect of RMR on Activity Intensity

It is not surprising that the measured and calculated MET values for each selected Wii activity were not statistically
different. This is probably because the sample in this study was similar (e.g, young, physically active, and fit) to
samples in previous studies used to establish MET values in the PA Compendium (Ainsworth et al., 2000). The
measured MET values were directly affected by measured RMR, which may in turn be influenced by PA level and
body composition of the participants. With the average measured RMR in this study similar to the standardized
RMR of 3.5 mL/kg/min in the MET equation, the resulting intensity would be similar to the intensity calculated
from the standardized RMR. Measured METs might have been significantly higher than calculated METs if a
sedentary sample was used because individuals who are less active typically have a lower RMR (due to less lean
body mass and more fat mass) than individuals who have the same total body mass but are more active (Hoeger &
Hoeger, 2008). Therefore, if individuals using Wii Fit are similar to our sample, calculated METs and energy
expenditure can be used for PA recommendations. If individuals are less active and fit, measured energy expenditure
might yield more accurate energy expenditure estimations.

Limitations and Suggestions for Future Research

The results of this study are useful in that the potential of the Nintendo Wii Fit game as a beneficial PA promotion
tool is partially shown. Individuals may use moderate Wii Fit activities (aerobic and strength) to maintain fitness and
strength or increase their overall caloric expenditure. Individuals may gain flexibility benefits from participating in
Wii yoga activities, as flexibility activities are recommended as part of an overall fitness program. Given the activity
intensity level is one of the most crucial components of the current PA recommendations, the fact that some of the
Wii Fit activities could meet this threshold holds excellent promise for future use of the Wii as a PA promotion tool.
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However, this study provides only partial information relative to the potential use of video game technology as a PA
promotion tool and it is not without limitations. One limitation was that not all activities were measured, particularly
relevant is that none of the hard level activities were measured; therefore, conclusions about the intensity level of
each activity in the Wii Fit game cannot be made and intensity differences between difficulty levels are not
conclusive. The characteristics (e.g., young, physically active, and fit) of the study sample also limited the ability to
generalize the results of this study to a different population until further research can be completed. Furthermore, the
study contained a high proportion of women compared to men, which made the gender comparisons in intensities
difficult. Finally, the weight threshold of 300 pounds placed on the Nintendo Wii Balance Board minimizes the
potential of the Nintendo Wii to be an activity promotion tool in obese individuals over 300 pounds.

Additional research would be beneficial to paint a more detailed picture of the exact capabilities of the Nintendo Wii
system and the Nintendo Wii Fit game. For the Wii Fit game itself, further research should be conducted using all
activities and larger samples to determine which ones are the most intense and which activities provide little benefit.
Exploration of how game experience affects energy expenditure is also desirable. A third area of interest is how
changing intensity and activities within the Wii Fit game affect adherence to physical activity. Fourth, research to
establish the intensity level of the system in other populations would also be beneficial as the Nintendo Wii is used
by children as a physical education alternative (Brooks & Brooks, 2009; Hellmich, 2010) and in elderly individuals
for balance improvement (Brown, Sugarman, & Burstin, 2009). The determination of the game’s ability to improve
physical fitness and progress an individual to allow for continued adaptation would establish the ability of the Wii to
act as a standalone PA platform.

Conclusions

The METs of the selected Wii yoga and strength activities determined in this study are comparable to those listed in
the Compendium, and some of the selected Wii Fit activities met the moderate PA intensity threshold. Given the
popularity of the Nintendo Wii system, the potential benefit of the Nintendo Wii Fit game and/or the Nintendo Wii
system to become a satisfactory PA promotion tool is encouraging. The findings of this study will allow for the
further advancement of exercise-themed video games to become PA intervention platforms.
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Nintendo Wii Fit Activities by Category

Category Strength Endurance Yoga Balance
_ _ Deep breathin
e Single leg extension : Ha|fijoon "
* lildewa)éSLLegLL_gt * Dance e Soccer headin
. ng e:r f_mts an e Basic Step * Bridge e SkiJum
: ROYS(.) V;IS St e Basic Run ° Spinal Twist e Table ti|E[)
Activities . S'Owlm?_ ql'Jl'a ist ®  Super Hula Hoop ®  Shoulder Stand o Tightrope walk
. ng o o * Advanced Step * Warrior . Bag:anceps bble
: Punﬁe 4 sid e 2-person Run o Tree e Penguin Sﬁde
Iuasnk'Up ana side e Rhythm boxing e Sun salutation . Snos\tlboard
. ?ackknife e Free Step e Standing knee Slalom
e Free Run e Palmtree
e Plak - Chair e Lotus Focus
e Triceps Extension e Triangle
e Downward Facing Dog
Push-up
Challenges e Plank
e Jackknife
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Table 2

Randomly Assigned Wii Game Activity Protocol

Difficulty Strength Activities Endurance Activities Yoga Activities
Easy Lunges (1) Basic Run Short (2) Warrior (3)
Medium Single Leg Extensions (4) Basic Run Long (5) Chair (6)
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Table 3

Sample Characteristics

Female Male Total
Variable
Mean SD Mean SD Mean SD

Age (years) 22.35 1.98 21.80 2.86 22.24 2.13
Height (cm) 166.66 5.84 176.53 7.13 168.63 7.19
Weight (kg) 62.55 7.41 82.34 10.69 66.50 11.30
Body Mass Index (kg/m?) 22.54 2.65 26.39 2.53 23.31 3.01
Body Fat % 18.75 6.40 14.57 4.48 17.92 6.22
Lean Body Mass (kg) 50.43 5.49 70.08 8.18 54.36 9.97
RMR (mL/Kg/min) 3.76 0.48 3.71 0.44 3.75 0.46
IPAQ Score (MET- 3996 2881 6426 1566 4482 2822
min/week)
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Table 4

Average VO, and MET of Wii Activities

VO2 Measured METs Calculated METSs

Activity Difficulty Level
Mean SD Mean SD Mean SD
Sﬁg‘r‘;R“” Easy 1834 352 498%P¢ 122 526*¢ 100
Aerobics Basic Run
Medium 2098 3.65 573*" 136 6.04%° 1.09
Long
Warrior Easy 853 1.33 230*%Y 042 244*%Y 0.38
Yoga
Chair Medium 936 1.67 251*° 036 268*¢ 047
Lunges Easy 12.01 210 3.18* 0.62 3.38*" 057
Strength Single Le
g€ Le9  Medium 12.13 2.02 3.29% 071 3.48*" 059
Extension

Note: Measured METSs were calculated by dividing Vo, by each participant’s own RMR1;

Calculated METs were computed by dividing \/Oz by standardized RMR of 3.5
mL/kg/min;

Significant level was set at .005 to account for the potential inflation of type I error due to
multiple comparisons and the likely correlated dependent variables;

% Significantly higher Wii activity METs compared with resting MET;

b Significantly higher Wii activity METs compared with the moderate PA intensity
threshold of 3 METS;

¢ Significantly lower Wii activity METs compared with the moderate PA intensity
threshold of 3 METS;

d: Significantly lower Wii activity METs at easy difficulty level compared with METSs at

medium difficulty level.
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