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ABSTRACT

PURPOSE: The purpose of this investigation was to determine the acute physiological
responses of the Nintendo Wii Fit video game system compared to maximal treadmill testing and
to determine the exercise intensity of this form of training in youth subjects. METHODS: Ten
youth participants (5 boys and 5 girls) with the following characteristics (mean + SD): age (10.30
+ 1.06 yrs.), height (142.0 £ 10.6 cm), weight (34.7 + 9.6 kg) were examined during two separate
exercise testing sessions: maximal treadmill test to determine VO, peak (mlkg''min”) and
Nintendo Wii Fit exercise test (18 min.). During the Nintendo Wii Fit exercise test, 3 games
were evaluated; hula hoop, basic run, and basic step aerobics. Each condition was played for a
total of 6 minutes with 2.5 min. rest intervals between each condition. Participants also
performed a maximal treadmill test (modified Bruce test). Their physiological responses for
both maximal treadmill testing and Wii Fit were determined by indirect calorimetry (Cosmed
K4b%). Heart rate was monitored with a polar heart rate monitor. RESULTS: The results of
maximal treadmill testing were VO, peak = 53.60 + 6.24 (ml'kg 'min™"), maximal HR =201.00 +
8.30 btsmin™', RER = 1.27 + 0.11. The responses to the Wii Fit hula hoop were kcal = 3.16 +
0.86 kcal'min™!, VO, = 18.24 + 4.95 ml'kg'min", HR = 137.00 + 16.32 btsmin™ . The responses
to the Will Fit basic run were kcal= 3.45 + 0.71 kcalmin', VO, = 19.92 + 4.07 ml’kg'min”', HR
= 134.00 + 18.90 btsmin™ The responses to the Wii Fit basic step aerobics were kcal = 2.01 +
0.37 kcal'min™!, VO, = 11.57 + 2.16 ml’kg'min™, HR = 112.00 + 10.59 btsmin™ . The metabolic
responses for the all three Wii Fit games were 31 percent of VO2 max and 63 percent of HRmax.
CONCLUSION: This investigation found that Wii Fit produced a mean energy cost of 4.7

METS, a mean % HRmax = 63%, and a mean %HRR max = 44%. According ACSM’s



Guidelines for Exercise Prescription the intensity level would be classified as light to moderate

intensity exercise.



INTRODUCTION

Physical inactivity has become a major health concern for both adults and children in the
United States. The lack of physical activity along with a number of other factors has contributed
to the rise of obesity and various chronic diseases, such as cardiovascular disease. It is estimated
that approximately 15% of all children, are obese and 30% are overweight in the United States
(14). Obesity is an ever-growing concern, which has prompted many individuals to consider
options to combat this public health issue. Research shows that over time sedentary behavior has
increased in children, in part related to behaviors, like watching television or playing video game
(5, 16). Due to this increase, a number of new ways to combat childhood obesity have been
researched, including the use of interactive gaming systems.

An interactive game experience is perceived as a viable option in bridging the gap
between physical activity and sedentary lifestyles by making the gaming experience fun and
entertaining. The Wii Fit interactive game system combines traditional gaming with a physically
active component, to offer the user an interactive movement experience. This game console
provides the opportunity to make physical activity fun and enjoyable (3, 9).

Interactive gaming or exergaming consists of video games that require the use of the
whole body to play. Over the years, a number of studies have been conducted regarding
various interactive video games, such as Dance Dance Revolution (DDR), Sony EyeToy, as well
as the Nintendo Wii Sports game. Research studies have shown an increase in energy
expenditure while playing interactive video games as compared to sedentary video games
(7,8,17,18,19). Different variables such as energy expenditure, heart rate, oxygen consumption,

motivational levels and other conditions have been analyzed.



Recently, the Nintendo Wii Fit game system has become extremely popular in today’s
video game market. Since its inception, consumers have flocked to this new age gaming system
in hopes of motivating physical activity, specifically in young people. Shortly after the Nintendo
Wii’s emergence on the gaming market in 2006, the Nintendo Wii Fit, a game designed to offer
fitness and fun to users, followed two years later in 2008. This game system can play sedentary
video games or active video game such as Wii boxing or Wii tennis. There are various types of
games that can be played using this game system and the Wii Fit is one of these active games.
The Wii Fit is a game that focuses more on health and fitness components. It features four main
categories: Strength Training, Aerobics, Yoga and Balance Games. Within each category, are
various games that may be played.

Currently, there are a number of studies that have analyzed the physiological and
metabolic responses of interactive games on adults and youth, however there is limited evidence
analyzing the Nintendo Wii Fit with regards to energy expenditure in youth. This scientific
research study is unique in the fact that it is one of the first to do such that. Therefore, the
purpose of the study is to determine the effect the Nintendo Wii Fit game has on youth’s energy

expenditure, maximal oxygen consumption and heart rate.



METHODS

Experimental Approach to the Problem

This investigation involved three test sessions on three separate days. Test sessions were
separated by a 48 hour period. The first test session involved collecting baseline measurements at
rest, conducting a modified maximal treadmill test (for determining maximal oxygen
consumption), and a Nintendo Wii Fit familiarization period. The second test session involved
the Nintendo Wii Fit test. Three aerobic Wii Fit games were tested using oxygen uptake and
heart rate as measures of physiological responses. Each participant was asked to refrain from
intense exercise for at least two hours prior to testing. The third test session involved another
Nintendo Wii Fit test exactly like the second test session however a cross-sectional design was
used to alter the testing order.

During all exercise tests, the Cosmed K4b* portable metabolic system (Rome, Italy) was
used to measure physiological measures of oxygen consumption (VO,), ventilation (Vg and
respiratory exchange ratio (RER) on a breath-by-breath basis (4). A Polar T31 heart rate monitor
was used to track heart rate (Kempele, Finland). All data was recorded on a computer using the
Cosmed K4b? software.

Energy expenditure (EE) was calculated during both test sessions. During each test
session, caloric expenditure was calculated using the average VO, measurements adjusted for
RER.

Subject
A sample of 10 children (5 males and 5 females) aged 8-12 participated in the study

(10.30 £ 1.06 yrs.). Descriptive data of the participants are presented in Table 1. The overall



BMI reveals that participants were within the normal range. Participant’s height was measured
to the nearest 0.05 cm using a fixed stadiometer and weight to the nearest 0.05 kg. using a
calibrated digital flat scale. Body Mass index was calculated by weight in kg/ height m?. The
test population consisted of individuals with various levels of Nintendo Wii Fit experience,
ranging from first time players to skilled players.

Participants were considered eligible after completing a health history questionnaire, an
exercise and physical activity readiness assessment, along with baseline assessments indicating
that subjects were free from any underlying physical or health risk factors. The study was
approved by the Auburn University Montgomery Institutional Review Board for research
involving human subjects. Verbal and written assent was obtained from the participants and

written informed consent was obtained from the parent or guardian.

Maximal Treadmill Test

A modified Bruce treadmill protocol was used to determine VO, peax (1).  The following
physiological measures of Vo, Vg RER were assessed using the K4b” portable metabolic system.
Participants warmed-up at a speed of 2.74 km/hr (1.7 mph) for three minutes. The test began at a
speed of 2.74 km/hr (1.7 mph) with an incline of 10%. At two minute intervals, the incline of
the treadmill was increased by 2%, and the speed was incrementally increased until a maximal
value was reached. Vo0, peax Was reached when two of the following occurred: respiratory
exchange ratio (RER) of > 1.10, a peak heart rate of 200 btsmin™, or observation of volatile
signs of fatigue (14). During the test, heart rate (HR) and ratings of perceived exertion (RPE)
were assessed during the last minute of each stage. The Borg’s 10 point scale was used to

measure RPE (5).



Nintendo Wii Fit

Following the maximal treadmill test, participants were allowed to practice the Nintendo
Wii Fit game system for one hour to become familiar with the games. Participants were only
allowed to play the following aerobic games: hula hoop, basic step aerobics, and basic run.
Instruction was given on how to play and operate the game system.

During the second test session, participants played on the Nintendo Wii Fit for an 18-
minute period. This session was at least 48 hours after the first test session. Prior to the Wii Fit
test session, baseline measurements of height, and weight were collected. The test session began
with a 12-minute familiarization period of the Nintendo Wii Fit game. Following this initial
step, the Wii Fit test session was conducted. Three aerobic games were assessed; hula hoop,
basic step aerobics, and basic run. A randomized test protocol was used to alter the testing order.
Participants played the Nintendo Wii Fit while physiological measures of Vo,, Vi, and RER
using the K4b? portable metabolic system. Participants played each aerobic game for 6 minutes
with a two and a half minute rest period between each game. Participant’s RPE was assessed at
the conclusion of each 6-minute aerobic game using the Borg’s 1-10 scale. After the test session,
EE was calculated based on oxygen consumption values. The third test session, participants
conducted another Nintendo Wii Fit test as exactly described above. The second Wii Fit test
session was used to compare the results of this test session with the results of the previous Wii

Fit test session for validity and reliability purposes.



Statistical Analyses

Descriptive data (mean + SD) were calculated for age, height, weight, BMI, energy
expenditure, oxygen consumption, and heart rate values for the three aerobic Wii Fit games. A
one-way repeated measures analysis of variance ANOVA was used to determine the differences
between Vo, HR, and EE of the Nintendo Wii Fit basic run, hula hoop and basic step aerobics

games. The significance level was set at p < 0.05.

RESULTS

As shown in Table 2, the Wii Fit basic run game had the highest EE, VO,, and HR values
of all of the three games tested; kcal= 3.45 + 0.71 kcal'min™, VO, = 19.92 + 4.07 ml'’kg "'min’!,
HR = 134.00 + 18.90 btsmin™ Total EE for the 18- minute Wii Fit game session was 51.73 +
4.57 kcal/session. The average EE of all three aerobic Wii Fit games was 2.89 kcal'min™.
The second Wii Fit test session results: The responses of the Wii Fit basic run were kcal = 3.49 +
0.70 kcalmin™, VO, = 19.35 + 5.31 ml'kg'min™, HR = 135.38 + 20.91 btsmin™' . The responses
to the Will Fit hula hoop were kcal=2.78 + 0.80 kcal'min™', VO, = 16.05 + 4.64 ml’kg " 'min’’,
HR = 130.67 + 17.28 btsmin™" The responses to the Wii Fit basic step aerobics were kcal = 2.00
+ 0.32 keal'min™, VO, =11.57 + 1.83 ml'’kg"'min™', HR = 114.00 + 14.08 btsmin™ .

Table 2 shows the Wii Fit hula hoop game had lower EE, VO,, and HR values than the
Wii Fit basic run game; kcal = 3.16 + 0.86 kcalmin™, VO, = 18.24 + 4.95 ml'’kg 'min”', HR =
137.00 + 16.32btsmin”' . The responses to the Wii Fit basic step acrobics game were the lowest
of all three games examined; kcal =2.01 + 0.37 kcal'min™, VO, = 11.57 + 2.16 ml'’kg "'min”', HR
= 112.00 £ 10.59 btsmin’!. There was not a significant difference in EE, VO,, and HR values

between the Wii Fit basic run and hula hoop games (p > 0.05). There was however a significant



difference between the Wii Fit basic run and Wii Fit basic step aerobics game EE, VO,, and HR
values (p=.008) (table 2). Additionally, there was a significant difference between the Wii Fit
hula hoop and Wii Fit basic step aerobics game EE, VO,, and HR values (p=.02). The mean
metabolic responses for the total 18-minute Wii Fit game session were 31 % of VO, max and 63

% of HRmax.

DISCUSSION

The present study revealed that the Nintendo Wii Fit aerobic games, hula hoop, basic run,
and basic step aerobics produced an EE of 51.73 + 4.57 kcal/session during game play. This is
one of the first studies that has assessed the physiological responses of the Nintendo Wii Fit
aerobic games on youth. There have been many studies concerning the Wii, however few have
assessed the responses in youth using the Wii Fit game. The mean EE while playing the
Nintendo Wii Fit aerobic games was 51.72 kcal for an 18-minute period of game play. The total
EE of game play on the Nintendo Wii Fit aerobic games indicated a mean of 4.7 METS, which is
comparable to light to moderate exercise intensity levels according to the ACSM (5). This MET
level is equivalent to performing activities such as walking at a 4 mph pace, playing doubles
tennis, or playing badminton (5). The mean % HRmax = 63% and %HRR max = 44%. These
results promising in representing the positive effects the Nintendo Wii Fit game can have on
physiological responses in youth.

A recent study by Graves et. al. (7) assessed the metabolic and physiological responses in
adolescents while playing the Nintendo Wii Sports games: bowling, boxing and tennis compared
to non-interactive video games. The study revealed that there were higher levels of EE, VO,, and

HR values associated with playing the Wii game system as compared to a non-interactive video
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game. The EE was 51% greater with the Wii group than in the group that included subjects
playing the sedentary video game (7). The mean energy expenditure for the three Wii Sports
games were: Wii bowling, 2.80 kcal'min™, Wii tennis, 2.99 kcal'min™"> and Wii boxing, 2.89
kcal'min™ . This study revealed energy cost values comparable to those of the current study.

Another study by Lanningham-Foster, et.al. (8) found that children aged 8 to 12 years
expended significantly higher levels of energy playing activity-based video games when
compared to watching television, and playing seat-based video games (8). In this study the
EyeToy and the Dance Dance Revolution Ultramix2 (DDR2) games were assessed. For the
Eyetoy video game, EE increased 1.09 kcal'min™ over resting EE and 1.52 kcal'min " over resting
for the DDR2 video game.

An earlier study examined a dance simulation game in 22 overweight and non-
overweight children and adolescents aged 11 to 17 years (mean age, overweight, 13.5 + 3.3/ non-
overweight, 12.3 + 1.5 yrs.). The study found that the mean energy cost during this interactive
game was 4.6 kcal'min™ in the overweight (OW) group and 2.9 = 0.7 in the non-overweight (NO)
group. This study found higher EE in the overweight group when compared to the non-
overweight group, however when fat free mass was normalized, there was no significant
difference between the two groups EE (18). The current study’s mean EE of all three aerobic

Wii Fit games of 2.89 kcal'min™ is closely related to the EE values found in the OW and NO

groups.

PRACTICAL APPLICATIONS
In a society driven by technology and plagued by an epidemic of obesity and inactivity,

many have hypothesized that interactive video games may be an effective way to encourage
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physical activity. As a result, interactive games have become an extremely popular way to
promote exercise and to be an important component of an active lifestyle. A number of recent
studies have been conducted to examine the effects of these various interactive games on EE,
exercise motivation, and the health benefits that may come from these games (7,8,9,10,17,18).
The present study shows that interactive video games can indeed produce increased
measurable physiological exercise responses in children. Furthermore, it shows that the activity
is effective in producing light to moderate intensity exercise according to the ACSM
recommendations for exercise intensity. The results of this study and others investigating
interactive video games and their health benefits are promising, however further investigation is
required to account for sample size, varying fitness levels, interactive video game skill levels,

age, and gender.
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TABLES

TABLE 1. Descriptive Data (mean + SD)

Measurements Entire Sample Males Females
Age (yrs) 10.30 £ 1.06 104+ 1.14 10.2+ 1.10
Height (cm) 142.0+ 10.6 142.8 + 7.95 141.2 £ 13.75
Weight (kg) 347+ 9.6 36.34 + 7.33 33+12.08
Body Mass Index (kgm™) 16.89 +2.40 17.7+2.40 16.08 £ 2.36

TABLE 2. VO,, Energy Expenditure, Heart Rate for each condition (mean + SD)

Condition VO, (mlkg"'min™) HR (btsmin™) EE (kcal'min™)
Basic Run 19.92 + 4.07 134 + 18.90 3.45+0.71
Hula Hoop 18.24 £+ 494 137 £ 16.32 3.16 £ 0.86
Basic Step Aerobics 11.57+2.15 112 +10.59 2.01+0.37

Significance (p < 0.05)

Note. Vo, - volume of expired oxygen (oxygen consumption); EE = energy expenditure; HR= heart rate.

13



FIGURES
FIGURE 1 VO2 (mlkg "'min™")

Oxygen Consumption

l . -

Basic Run Hula hoop Basic Step Acrobics

25

20

15

10

FIGURE 2 HR (bpm)

HR Max

I I B

Basic Run Hula hoop Basic Step Aerobics

160
140
120
100
80
60
40
20

14
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Review of Literature

Currently, in the United States 30% of children and adolescents, six to 11 years old are
overweight, about three times the rate 30 years ago (15). Physical inactivity and sedentary
behavior are big causes of obesity in the United States. Through the years, children have become
less active and more consumed with watching television, playing video games and surfing the
internet to pass the time. These statistics illustrate how much children engage in sedentary
behavior. According to Rideout, Roberts, and Foehr children spend, on average, nearly four
hours a day watching television, DVDs, and playing video games (12).

Another study found that children in the U.S. were spending 75% of their waking hours
being inactive and were logging in only about 12 minutes of vigorous activity per day (2). Ina
society driven by technology, many have questioned how to use these devices to combat this
problem. As a result, interactive gaming has become extremely popular in motivating people to
engage in physical activity, and as a result, elicit positive health benefits. Recent studies have
been conducted to examine the effects of these various interactive games on energy expenditure,
exercise motivation, and the health benefits that may come from these games (7, 8, 9, 10, 17, 18).

There have been promising findings regarding interactive video games and health benefits.

Straker and Abbott conducted a study on the effect of screen based media on energy
expenditure and heart rate (16). The researcher’s defined screen based media in terms of
television, computer, and electronic games. The study compared traditional screen based media
to active input screen based media. Twenty adolescences, nine to 12 years old, were used in this
study. Researchers used five different devices which made up the traditional screen based

devices and compared them to watching a DVD. Examples of the electronic devices included a

handheld game device, a keyboard computer game and a car racing game. The Sony EyeToy
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device was used for the active input screen based media device. Researchers found that there was
little difference in heart rate or energy expenditure while playing traditional screen based media,
however evidence showed positive benefits for the active-input game. Results concluded that
there was 59% increase in heart rate and a 224% higher energy expenditure as compared to the
traditional screen based media devices (16).

Two similar studies comparing seated and active gaming in children reported positive
findings in terms of the amount of energy expenditure. The study conducted by Lanningham-
Foster et al. examined the energy expenditure while engaging in sedentary behavior like
watching television and playing handheld video games and active movement games. The Sony
EyeToy was used in this study for the interactive video game. Results showed a 108 -172%
increase in energy expenditure while engaging in the active video games (8). Similarly, the
study conducted by Mellecker and McManus showed that energy expenditure and heart rate was
increased as compared with the seated screen based environment (10). These findings
generated new knowledge about the benefits that active games can have on increasing physical
activity levels and spurred further interest in the subject.

Mhurchu et al. conducted research to study the effects that active video games had on
physical activity levels in children (11). This pilot study used 20 children and divided them into
experimental and control groups. The instruments used were the Sony EyeToy, a dance mat, and
the Playstation 2 game console. Participants in the experimental group substituted sedentary
game play with active game play, while the control group only played sedentary video games.
The results demonstrated that the children engaging in the active game play were more

physically active and played fewer video games than those who played the traditional sedentary
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games. A decrease in waist circumference measurements was found in the experimental group
(11).

Interactive dance games are other types of games that have been studied to determine
their health benefits. In 1998, Dance Dance Revolution (DDR), the first dance simulation arcade
game was released. In a study by Tan, Aziz, Chua, and Teh, researchers examined the aerobic
demands placed on individuals playing this active video game (17). The 40 adolescent subjects
that were selected to participate had a low level of previous experience playing this type of
gaming system. Participants had two weeks to familiarize themselves with the game, and during
the testing session subjects danced a pre-determined level of difficulty for 10 minutes, while
metabolic measurements were taken. The resuits of the study were favorable. Researchers
found that the subjects' heart rates reached an intensity level of 70% of their maximum heart rate,
which is comparable to that of medium-intensity aerobic dance, and this number met the
American Colleges of Sports Medicine's minimum recommendations for developing and
maintaining cardio-respiratory fitness (17).

Unnithan, Houser, and Fernhall conducted a similar study as the aforementioned study,
however their research examined the energy cost of playing the Dance Dance Revolution game
in overweight versus non-overweight children and adolescents (18). During the 12-minute
dance protocol, the subjects' caloric expenditure was calculated. Results determined that the
overweight children expended more calories than that of the non-overweight children. It was
reported that all subjects had an average heart rate corresponding to an intensity of 64% heart
rate maximum whilst playing the lowest difficulty level. This study suggested that this

interactive game can improve cardio-respiratory fitness which can elicit greater cardiovascular

health benefits (18).
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An additional study using the Dance Dance Revolution game system studied the
differences in energy expenditure in males with varying playing experience. In the study
conducted by Sell, Lillie, and Taylor, 19 male college students played on the DDR gaming
system continuously for 30 minutes at a self selected difficulty level (13). Of the 19 subjects, 12
were experienced in playing the DDR system and seven were inexperienced. Throughout the
video game testing, numerous metabolic measurements were recorded and analyzed. From these
measurements, researchers found that 150 kcal were expended in the experienced group. The
inexperienced group expended considerably less energy than their more experienced
counterparts. Both groups however met the American College of Sports Medicines minimum
physical activity requirements. The experienced group achieved a moderate-intensity physical
activity level and the inexperienced group reached a light-intensity level in terms of
VO2 reserve (13).

A study by Warburton et al. evaluated how interactive video games contributed to health
related physical fitness in young males (19). Only participants engaging in low physical activity
were chosen to take part in this six-week study. An experimental and a control group were used.
The experimental group played on an interactive bicycle, Gamebike, in conjunction with the
Playstation 2 video game console. Participants were asked to ride the bike while playing a
Playstation 2 video game of their choosing. The control group exercised using a recommended
exercise regimen using a standard bicycle. As a result, the experimental group participated in
more interactive video games than the control group as well as showed larger improvements in
health related fitness. Thus, this study determined that there was an increased number of health

benefits attained while playing the interactive video game.
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Another interesting study concerning interactive video games, examined the metabolic
requirements of an active cycling game to traditional cycling. This study conducted by
Warburton et al. used an electronic cycle ergometer that was fitted with the GameBike video
game system for the interactive session and an identical electronic cycle ergometer for the
traditional cycling session (20). Subjects performed three five-minute stages of play at a
constant workload. The same protocol was used for both test sessions. The results were
significantly in favor of the interactive cycle game. These participants had a higher energy
expenditure, increased heart rate, and higher oxygen consumption, concluding that there was an
increased metabolic demand while playing the interactive cycling game.

A more recent study examining the popular gaming system, Nintendo Wii, was
conducted by Graves et al. (7). Researchers compared Nintendo Wii sports games to that of the
XBOX 360 game console. Eleven subjects participated with age ranges from 13 -15 years of
age. Participants played equal times of the active Wii tennis, bowling and boxing games as well
as the sedentary XBOX 360, Project Gotham Racing 3 game. Results concluded that energy
expenditure was higher than resting values in all the games studied, however the active Wii
Sports game elicited 51% greater energy expenditure than the sedentary game. Researchers were
enthusiastic about their findings, but understood the limitations of the active game in meeting the
daily recommended physical activity levels for children (7).

The research findings discussed in this review of literature makes a strong point for the
positive health benefits that can be elicited while playing active video games. However, since
this technology is relatively new, more research needs to be conducted regarding the new games

being introduced to the public to determine their health benefits. Despite the great findings of the
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research mentioned above, this review of literature demonstrates the lack of information and

research pertaining to the Nintendo Wii Fit, which reinforces the need for such a study.
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7. PROJECT ASSURANCES
PROJECT TITLE: The effects the Nintendo Wii Fit has on energy expenditure
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1. | certify that all information provided in this application is complete and comect.
2 Iundefstandﬂ\at,astclpallnvesﬁgatorIhaveuhmtemspmsuhﬂiyfmﬂanudofhsstudyﬂweﬂmlperhmnwformsmed
the protection of the rights and welfare of human subjects, and strict adherence to any stipulations imposed by the Aubum Montgomery IRB.
3. 1 certify that all individuals involved with the conduct of this project are qualified to carry out their specified roles and responsibilities and are
in compliance with Auburn Montgomery IRB policies regarding the collection and analysis of the research data.
4. |agree to comply with alt Aubum Monigomery IRB policies and procedures, as well as with all applicable federal, state, and local laws regarding the
protection of human subjects, inciuding, but not limited to the following:
a.  Conducting the project by qualified personnel according to the approved protocol
b. Implementing no changss in the approved protocol or consent form without prior approval from the Office of Sponsored Programs (OSP)
(except in an emergency, if necessary to safeguard the well-being of human subjects)
¢.  Obtaining the legally effective informed consent from each participant or their legally responsible representative prior to their
participation in this project using only the currently approved, stamped consent form
d. Promptly reporting significant adverse events and/or effects to the Office of Sponsored Programs (OSP) in waiting within 5 working days
of the occurrence.
5. if 1 will be unavailable fo direct this research personally, | will arrange for a co-investigator to assume direct responsibility in my absence.
This person has been named as co-investigator in this application, or | will advise OSP, by letter, in advance of such arrangements.
| agree to conduct this study only during the period approved by the Aubum Montgomery IRB.
| will prepare and submit a renewal request and supply all supporting documents to the Office of Sponsored Programs (OSP) before the
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| certify that the project will be performed by qualified personnel according to the approved protocol using conventional or experimental

methodology.
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INVESTIGATORS. Identify each individual involved with the conduct of this project and describe his or her roles and responsibilities refated to
this project.

investigator: _Kelly Gaston Tige: GTA Dept/ Affiiastion: ~ PHED

Roles / Responsibilities:

Primary Investigator. Roles and responsibilities of the primary invesigator include subject recruitment, consenting and
screening of all paricipants, and collecting and analyzing the data. The primary investigator is a graduate student in the
physical education, a graduate teaching assitant in the human performance laboratory , and CPR/AED certified.

Roles / Responsibilities:

Co-Investigator. Roles and responsibifities will to include recruitment, consenting and screening of all participants, and
collecting and analyzing data. Dr. Williford is the Department Head of Physical EducationExercise Science. He is CPR/AED
certified, a Fellow of the American College of Sports Medicine. He is the Director of the Human Performance Laboratory and
has been invovied in research within the laboratory since 1983.

tnvestigator. Mike Esco Tite; Imstructor Dept Affiiation:  PHED

Roles / Responsibifities:

Currently, Mr. Esco is an instructor in the School of Education and is a doctoral candidate in exercise physiology. He is
CPR/AED certified, and American College of Sports Medicine Certified Health and Fithess Instructor, and a national Strength
and Conditioning Association Certified Strength and Conditioning Specialist. He will be assissting in collecting and analyzing
data.

Investigator: Angela Russel Tige;  Student Deptl Affiiation: _FTED

Roles / Responsibilities: .

Currently, Angsla is an undergraduate student assistant in the Department of Physical Education/Exercise Science. Beginning
the Summer of 2009 semester. Angela will be a graduate teaching assistant in the Human Performance Laboratory. SHe will
be assisting with the data collection process. :

LOCATION OF RESEARCH. List all locations where data collection will take place. Be as specific as possible.

The study will be conducted in the Hﬁman Performance Laboratory at Aubum University Montgomery. The lab is located within
the Physical Edication complex of AUM, room 201.

Kelly Gaston PHED  gans/2008



10. BACKGROUND: Bmdueuummmmnmmmmmwummﬁmummm Please cite relevant
sources and include a "Reference List” as Appendix A

Since the inceplion of the interactive Nintendo Wii, many have flocked to this new age gaming system in hopes of motivating
physical activity, specifically in young people. This virtual gaming experience is leading the way in bridging the gap between
physical activity and sedentary lifestyles by incorporating the use of technology. The Nintendo Wii overcomes the challenges
faced when motivating kidsandadullsmexerdsebymaldngﬂnexpeﬁeneeﬁmandemmaimng. Only a few studies have

come out regarding the usa of active video gaming systems. These studies examined the differences in energy expenditure

between active video games to sedentary games to see how.many calories and how much more exercise people get when
playing active video gaming systems like the Nintendo Wii. These studies have deteiiriined that there is a greater increase in
energy expenditure using the active video gaming systems. A resent study, published in the British Journal of Sports Medicine
compared the use of the Nintendo Wii Sport active games to an Xbox 360 sedentary game. The results showed that there was
anmaeasemenergyexpendﬂewhenplawugﬂnachvowdeogameiscomwed&othesadentafygane However the
achvegamewasnotofh.ghemughumnqtybemmbubbmereconwnendeddmlyamountofoxormmchddmn

MdmonalsmdcespubhshedexamnedMGnergyexpendiNrem omergammgsystanswchasna@gggncemvolum
Eye-toy beach volleyball, Xerbike. Cyrrently, no studies have examined the effects of the Nintendo Wii Fit in régards to energy

expendnure Fherefore, ﬂwpwposaofhostyustodetammoheeﬁecthatplaymlhathndoW:Fitgammgsystemhas
on an individual’'s energy expenditure, oxygen consumption, and overall physical fithess.
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41. PURPOSE & SIGNIRCANCE.
a.  Clearly state the objectives, gosls, or sims of this project.

To determine the energy expenditure while using the Nintendo Wii Fit. A second objective is to evaluate the use of a virtual
gaming system regarding exercise prescription.

b. MWMthmmkmummn?PuMon?M?Mﬂ

The results of this study will be used to fulfill the Master’s thesis requirement. The resuits will aiso bepresented at
professional meetings like the American College of Sports Medicine.



12.  PARTICIPANTS.
a.  Describe the participant population you have chosen for this project 901 J' Se\co\f)

Participants for this study will include approximately20 adolescents belween the ages of 8 and 12. The sample will be taken
from the student population in Montgomery, AL. Participants need not have previous Nintendo Wii Fit experience.

The participants will be given an-informed consent and agsent agreement, ACSM questionnaire, and Physical Awareness
Readiness Questionnaire (PAR-Q) that fiust & signed and Teturned before beginning the study. Individuals under the age of
18 must be accompanied by a parent/guardian during alt testing procedures.

15
20

What is the minimum number of participants you need to validate the study?
What is the maximum number of participants you will include in the study?

b. Describe the criteria estabiished for participant selection. {f the participants can be classified as a “vuinerable” population, please
describe additional ssfeguards that you will use to assure the ethical treatment of these Individuals.) _(Jﬁ-

4
Participants must meet the foliowing criteria in order to be used in the study. Participants must be in good pverall health, with
low risk for disease. Participants will be exciuded from the study should any risk factors be present of cardiovascular,

pulmonary, orthopedic, or metabolic disease.

c. Describe ali procedures you will use to recrult participants. Please Include a copy of all fiyers, advertissments, and scripts and label as
Appendix B.

Participants will be recruited through verbal communication with parents or teachers present.

What is the maximum number of potential participants you plan to recrult? 20
d Ducﬂhhmmwlﬂdﬁunﬂmgmpmbnmhu.mbmmwmmm.m).

No grouping. This is a descriptive study.

.. mmwmdmmammuawmmmmm.

Participants will not receive any monetary compensation.




13. PROJECT DESIGN & METHODS. Describe the
that would be understandabie to a layperson.
review protocol. if additional space is needed

proeodnmyouwulphnbmlnoldortoaddmoanalmofﬂmmdy.mﬁ:lhhmum
wmmaumpmmammm,mwnumuymm not be abie to
!ovﬂs,pmb.mminbmuuonaa.pdﬁhandhmnm«mosofﬂthfom)

4. Project overview. (Briefly describe the sclentific design.)

This_ study wi{l use a sample of adolescents to determine the effects the Nintendo Wii Fit has on energy expenditure, Each
eligible participant will visit the lab on three separate occasions. The first visit will be o assess descriptive data and the
conduct the VO2 Max exercise test. During the next two visits, participants’ will be giving time to familiarize themselves with
the gaming system and the Nintendo Wii Fit exercise test will be conducted. A cross-over design wili be used to alter the

testing order. Different Wii Fit modules will be . .
ng i Fit modules will be evaluated. . \x}\\v\— wg\ﬂl

b. mmmmmmwmmﬁmpum

Eligible participants will report to the Human Performance Laboratory on three separate occasions in which data will be
collected which involve a baseline assessment, VO2 max test, familiarization with the Nintendo Wii Fit and data testing. The
first visit, participants will complete the health questionnaires, {(Appendix ***) and provide written informed consent and assent
{Appendix ***). The following descriptive data variables will be assessed for each participant during stisic‘ihl;%_h%o_gy,.

ight; body mass index (BMI), waist and hip circumferences; waist to hip ratio (WHR); resting blood pressurs; y

- %&W\"‘Mm N ts will complete a maximal graded treadmill exercise test (GXT) to determine their VO2
Max.

For this test, the workioad will be incrementally increased every 3 minutes until a maximal value is reached. Expired gas
{oxygen and carbon dioxide) fractions will be continuously sampled at the mouth using a pneumotach, mixing chamber, and
gas analyzers from Applied Electrochemistry (Ametek, Pittsburg, PA). All data will be recorded on an on-line computer every
30 seconds using AEl software. During the test, heart rate will be assessed continuously, and blood pressure will be
measured during the last 45 saconds of each stage. The test will be terminated when two of the following occur: a plateau in
VO2 occurs with increasing workload; respiratory exchange ratio (RER) of > 1.10; heart beat within 10 beats of age predicted
maximum. At the termination of the GXT, the subject be allowed a “cool-down” period that consists of a light intense exercise

" for 3-minutes. The test will be symptom limited and the subject may stop the test at any time because of personal feelings of
exhaustion or discomfort associated with exercise.

During this test, oxygen consumption is measured which is directly related to energy expenditure. it has been
established that for every liter of oxygen consumed, 5 kilocalories are bumed, thus the amount of energy a participant
expends can be determined using published energy expenditure equations. »

The second visit (at least 48 hours after the initial visit) will consist of familiarization with the Nintendo Wii Fit. Participants
will be given 12 minutes to play and experiment with the gaming system to get acquainted with the controls and games. After
such time, the Nintendo Wii Fit exercise test will be cohducted. Participants will piay the Nintendo Wii Fit for 2, 15-minute
periods while their energy expenditure is being measured with a metabolic gas analyzer. Parlicipants will be given a 5-minute
break after the first 15-minute playing period. Heart rate and blood pressure will be measured during each 15minutqplaying
period. Energy expenditure will be measured using specific sofiware that will analyze participants oxygen consumption and
based on this data, calculations will be performed to determine how much energy was expended.

The third and last visit, participants will conduct the Nintendo Wii Fit exercise test as exactly described above.

Heart rate will be monitored during each exercise test using a Polar heart rate monitor (Polar Electro Oy, Kempele,
Finland). Before each exercise test, subjects will be asked the following: to wear exercise clothing for testing; to not eat food
or consume caffeinated bevemgesShwrsbeforetesﬁnngseforat least 24 hours before testing.
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c.  Listallinstruments used in data collection. {e.g., surveys, questionnaires, oducallomlm data collection sheets, outiine
of interviews, scripts, audio and/or video methods ete) Pkculndodncopyohlldnﬁooﬂnﬂanlmﬂmummbo
Mlnmmmhbdumdlxc

The following questionnaires and data collection sheets are attached (Appendix C)

d. DataAnalysis: Explain how the data will be analyzed.

Data will be analyzed with SPSS statistical software. Descriptive data will consist of means and standard deviations. A
repeated measures ANOVA will be used to evaluate the significance between testing sessions. The data from the Wii Fit
exercise test will be compared to the maximal data in order to determine percent maximum data.

14. RISKS & DISCOMFORTS: Listand describe sil of the reasonable risks that participants might sncounter If they decide to
participate in this research. If you are using deception in this study, pieass justify the use of deception and be sure to attach a copy of the
debriefing form you plan to use and label as Appendix D.

Participants will consist of approximately 20 adolescences beiween the ages of 8 and 12 years with no known health
Participants will be screened by use of an AHA/ACSM Health/Fitness Facility Pre-participation Screening

problems. .
Questionnaire and Physical Activity Readiness Questionnaire (Appendix A). Risks invoived include those assouated_ wnth
exercise fatigue: sore muscles, strained muscies, and nausea. In addition, fainting or light hqadednasg may oceur. If injury
does occur as a result of the experiment, it will be the participants’ responsibility to seek medical attention.
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15. PRECAUTIONS. Describe all pracautions you have taken to sliiminate or reduce riaks that were listed In #14. A b\/}

All participants will be nofified of all potential risks involved in the study. The participants will be properly scréned to
determine if they have any health problems t that would prevent them from participating in the study. Participants will be
excluded from the study should any risk factors be prasent of cardiovascular, pulmonary, orthopedic, or metabolic disease.
All personne! have been trained in CPR and AED procedures. Emergency procedures are posted in the Human Performance
Laboratory at all times. Participants may stop the exercise test at any ime and remove themselvas from the study. if any
health problems are observed, participants will be advised to seek medical assistance from their personal physician,

The emergency action plan calls for at least two people to be in the laboratory during testing. The principle investigator will
be involved in data collection at all times. The second person will be either, Hank Williford, Mike Esco, and/or Angela
Russell. :

16. BENEFITS.
a.  Listali realistic benefits participants can expect by participating in this study.

Benefits include the basic understanding of one’s level of physical filness as weil as _information regarding their physn\oglwi
549 exercise, The participants will be abletogathe(valuableinfomaﬁonfrommevanablemeamresmwssmw
such ag Bl rtrat,andmeenergycostofphys"@lacﬁwty. :
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b. Lhtdlmﬂoﬂchmﬁbfwﬂuwuﬂpopuhﬂonwnhyhmmmmmhm.

The benefits generated from this study for the general populahonvnllgweabstfter understanding of the fitness mpacttpa
Nintendo Wii Fit can have on energy expenditure and physical fitness. They will be able to evaluate the energy cost using the
Wii Fit gaming system.




17.  PROTECTION OF DATA.

a.  Wili data be collected as anonymous? 1 Yes i No If "YES™, go to part "g".

b.  Will data be collected as confidential? ] ves O me

¢. ifdatais collected as confidential, how will the participants’ data be coded or finked to identifying information?

Participants will be identified by an assigned number rather than by name and only the investigator and co-investigator will
have access 1o data.

d.  Justify your need to code participants’ data or link the data with identifying information.
The data will be coded to ensure participant confidentiality.

e. . Where will code iists be stored?
The data will be heki in a computer and a locked in file cabinets in the Human Performance Laboratory.

f. Wil data collected as “confidential® be recorded and analyzed as “anonymous™? [ Yes No
g Doseﬁbchowﬂndahwinbemnd'(c.g..Mdeopy,audiomuu.ohwonkdm.m).whmﬂndahwﬂlbemmhowm
location where data is stored will be secured in your absence.

Electronic data will be recorded and stored on a computer in the Human Performance Laboratory. Hard copy data will be
stored in file cabinets in the Human Performance Laboratory. In my absence, all data wilt be locked within the Human
Performance Laboratory. Only the investigator and co-investigators will have access to the data.

h. Who will have access to participants’ data?
Only the investigator, co-investigator, participant, and/or parent/guardian will be present for performance testing which will

take place in a laboratory setting. Two student graduate assistants in the Human Performance Laboratory may aiso be
i.  When is the latest date that the data will be retained? .
Data will be retained for 3 years after the last date of the participant tested.

j  How will the data be destroyed? (NOTE: Data recorded and analyzed as "anonymous” can be retained indefinitely.)
Coded data will be recorded and analyzed as anonymous and will be retained indefinitely.

Kefly Gaston PHED  o3ns5/2009



Exercise and Physical Activity Readiness Assessment for Children and Adolescents

This is a medical history questionnaire to be completed prior to your exercise test at Auburn
University Montgomery, Human Performance Lab. All information will be kept confidential.
Please fill out the form carefully and thoroughly, and then review it to be certain you have not

left anything out.

Child's Name
Address

City State
Age  Birthdate

Race:

Contact phone number(s)

In case of an emergency who should we call? Name

Relationship to you Phone number(s)
Address
City/State

Primary Health Care Provider

Provider’s Phone
Address
City/State

May I send a copy of your exercise test to your primary health care provider?

Heart-Lung-Other Systems-
Does your child have or has had:

A heart condition (please specify)
Diabetes (type 1 or 2 - please specify)
Cystic Fibrosis

High blood pressure

High cholesterol

Breathing problems or shortness of breath (eg: asthma)
Coughing during or after exercise

Other (please specify)

Auburn Montgomery
institutional Review Board
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Does your child experience or have ever experienced:
Epilepsy or seizures/convulsions

If yes, is it at rest or during exercise?

Fainting Dizzy spells

Heat stroke/heat related illness

Increased bleeding tendency/ haemophilia

Other (please specify)
None of the above

If your child is taking any medication, please state if there are any side effects experienced as a
result of taking this medication:

Muscle — Bone System
In the past 6 months, has your child had any muscular pain while exercising?

If yes, please explain and indicate where the pain has occurred (eg “pain in the back of right heel” or
“pain on the inside of the right elbow™)

Has a doctor or physiotherapist treated this pain?

In the last 6 months, has your child experienced joint pain in the bones?

If yes, please explain and indicate where the pain has occurred (eg: “front of right leg” or “behind my
krlee”)

Special Conditions .

Does your child suffer from any allergies?

If yes, please list allergies and any special requirements:

Does your child use a “puffer” or “ventilator” for asthma?
Does your child have any chronic disability or chronic illness?
If yes, please indicate condition:

Cerebral Palsy ADHD Hypermobility Intellectual impairment

Are you aware of any medical reason/condition that might prevent your child from participation in an
exercise program?.

If yes, please explain:

Is your child participating in any organized sports or extracurricular activities?

If yes, what are they?

Is there anything else that we should know about your child that has not been addressed
above?

Auburn Montgomery
Institutional Review Board
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Appendix C
INFORMED CONSENT

The Effects the Nintendo Wii Fit has on Energy Expenditure

Auburn University Montgomery
Department of Physical Education and Exercise Science

Your child has been invited to participate in a study called the effects the Nintendo Wii
Fit has on energy expenditure. Kelly Gaston is the principal investigator. Your child has
been selected as a possible participant because he/she has volunteered to apply and fits
the criteria of an adolescent between the ages of 8 and 12 years. ‘

If you decide to allow your child to participate, your child will be asked to report to the
Human Performance Laboratory at Auburn University Montgomery on three separate
occasions. Each occasion should last no longer than 2 hours. During the first visit, the
following variables will be collectedfor your child: Race; height; body weight; body mass
index (BMI); waist to hip ratio (WHR); resting blood pressure; resting heart rate; and
body composition. VO;max 0n a2 maximal graded exercise test (GXT); blood pressure and
heart rate during the GXT. The second visit will be scheduled at least 48 hours after the
first visit. During this visit, your child will perform a 10 minute familiarization period
with the Nintendo Wii Fit gaming system, and then perform 2, 15 minute bouts of game
play on the Wii Fit. During the exercise session, energy expenditure will be measured
through a metabolic gas analyzer. In addition, heart rate and blood pressure measures will
be taken. The third visit will be scheduled 48 hrs. after the second visit. During the
exercise session, your child will perform 2, 15 minute bouts of game play on the
Nintendo Wii Fit. Energy expenditure will be measured through a metabolic gas analyzer.
In addition, heart rate and blood pressure measures will be taken.

Every effort will be made to minimize risks through preliminary screenings and
observations during the test. Some discomforts and inconveniences are possible.
Musculoskeletal injury (strain or sprains) could occur. There is a possibility of nausea,
dizziness, fainting, and/or fatigue as a result of exercise. Muscle soreness could also
occur 24 to 48 hours after the test. Should injury occur as a result of the experimental
protocol it would be your responsibility to seek medical attention for your child.

Personnel in charge will attempt to minimize all risks. Your child will be screened to
determine if they have any health problems that would prevent them from performing
exercise. The test will be terminated if your child experiences any of the following: chest
pain, fatigue, shortness of breath, wheezing, leg cramps, claudication, dizziness, syncope,
cyanosis or pallor. All personnel involved in testing are CPR/AED certified. Emergency
procedures are posted in the Human Performance Laboratory. '
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By participating in this study, you and your child will gain a better understanding of the
effects the Nintendo Wii Fit has on energy expenditure. In addition, your child will
obtain body composition and maximal aerobic test measurements.

Any information obtained in connection with this study that can be identified to your
child, will remain confidential and will be disclosed only with your permission. By
signing this document, you give me permission to disclose your child’s information to
Dr. Henry Williford and Mike Esco only for the purpose of assisting with statistical
analysis. Your child’s information will be coded numerically and stored in private filling
cabinets in the Human Performance Laboratory.

Your decision whether to allow your child to participate will not prejudice your future
relations with Auburn University Montgomery. If you decide to give permission to allow
your child to participate, you are free to withdraw consent and discontinue participation
at any time without penalty. If you decide later to withdraw from the study, you are free
to do so and any information that has been collected about your child will be destroyed or
released to you.

If you have questions, please feel free to ask me directly or contact me at (334) 244-3472.
If you (or your child) have quest_ibns about this study, please ask them now or contact

Kelly Gaston at 334-244-3472 or kgastonl @aum.edu. A copy of this document will be
given to you to keep.

If you have any concerns regarding the approval of this research, please contact
Debra Tomblin, Administrator of Institutional Review Board, at (334) 244-3250.

If you have questions regarding your child’s rights as a research participant, please
contact Debra Tomblin, at (334) 244-3250.

HAVING READ THE INFORMATION PROVIDED, YOU MUST DECIDE
WHETHER OR NOT YOU WISH FOR YOUR CHILD TO PARTICIPATE IN
THIS RESEARCH STUDY. YOUR SIGNATURE INDICATES YOUR
WILLINGNESS TO ALLOW YOUR CHILD TO PARTICIPATE.

Parent’s Signature Date

Investigator’s Signature Date

Auburn Montgomery
Institutional Review Board
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I hereby acknowledge that:
* The information provided above regarding my child’s health is, to the best of my knowledge,

correct.
+ [ will inform you immediately if there are any changes to the information provided above.

Parent/Guardian Signature: Date:

Investigator Signature: Date:

Auburn Montgomery
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Assent Form
Appendix C

NINTEDNO WII FIT EXERCISE STUDY

My name is Kelly Gaston. I am a physical education student at Auburn University
Montgomery.

Iam askipg you to take part in a research study because I am trying to learn more about
the exercise benefits of the Nintendo Wii Fit. As most of you know active video games
are very popular and the Nintendo Wii Fit is one of the newest gaming systems on the

market. I want to learn how much exercise you really get when you are playing on the
Nintendo Wii Fit.

If you agree, you will be asked to complete a survey. Then your vital statistics, your
heart rate blood pressure, height, weight, and body composition measurements will be
taken. You will be asked to perform 2 different exercise tests; one on a treadmill and one
playing the Nintendo Wii Fit. Each exercise test should take no longer than 1 hour.

You do not have to participate in this study. No one will be upset with you if you decide
not do this study. Even is you start the study, you can stop at anytime.

I you decide to be in this study I will not tell anyone else what you say or do in the study.
Everything you say will be kept confidential.

Signing here means that you have read this form and have had it read to you and that you
are willing to be in this study.

Subject’s printed name:

Subject’s signature: __ - Date

Signature of investigator: Date:




Appendix C

Maximal VO2 Exercise Test
Name: Date:
Gender: Age (y):
Height: Body Weight:
Date of Birth:

Skinfold Measurements

Chest: Waist Circumference:
Triceps: Hip Circumference:
Supscapular: BMI:
Suprailliac:
Thigh:
Abdominal:
Pre-Ex HR: BP: Pred Max HR: 85% Max HR:
Time | Speed | Grade | HR BP RPE Comments
0-3 1.7 10
3-6 2.5 12
6-9 34 14
9-12 42 16’
i2-15 5 18
15-18 55 20
18-21 6 22

Maximal Exercise Summary

Max Time: Peak HR: Peak BP: VO2 Max:




