GAMES FOR HEALTH JOURNAL: Research, Development, and Clinical Applications

Volume 3, Number 5, 2014
© Mary Ann Liebert, Inc.

DOI: 10.1089/g4h.2013.0089
<type>original-article

<LRH>O'DONOVAN ET AL.
<RRH>Wii Exercise TesT
<SH>ORIGINAL ARTICLE
<CT>The Potential of "Wii Fit Free Jogging" as an Exercise Test

<CA>Cuisle O'Donovan, PhD, John Gormley, PhD, and Juliette M. Hussey, PhD
<AFF>Discipline of Physiotherapy, School of Medicine, Trinity Centre for Health Sciences, St. James's Hospital, Dublin, Ireland.

<ABSH>Abstract
<ABS>Objective: The aim of this study was to investigate the potential use of "Wii™ Fit Free Jogging" (Nintendo®, Kyoto, Japan) as a tool to estimate aerobic fitness in healthy young adults. It was hypothesized that virtual distance achieved, an outcome reported by the "Wii Fit Free Jogging" game, may be used to estimate aerobic fitness.
Materials and Methods: Two exercise tests using "Wii Fit Free Jogging" were developed: the Wii Jogging Test and the Wii Step Test. For the Wii Jogging Test participants were required to jog on the spot with the aim of achieving the highest virtual distance possible in a given time. For the Wii Step Test participants had the same aim but were required to step up and down a 30-cm step. The construct and criterion validities of these tests were examined in two separate studies. Results were compared with maximal oxygen consumption (VO2max), which was established using the Bruce treadmill protocol. Oxygen consumption and heart rate were measured using an Oxycon™ Mobile indirect calorimeter (Jaeger™; Viasys Healthcare, Hoechberg, Germany) and a Polar heart rate monitor (Polar Electro Oy, Kempele, Finland).
Results: There was no difference between the highest oxygen consumption reached during the Wii Step Test and VO2max (P = 0.101). In regression analysis virtual distance results from neither the Wii Jogging Test nor the Wii Step Test contributed to the prediction of VO2max (P = 0.235 and P = 0.396, respectively).
Conclusions: In its current form, "Wii Fit Free Jogging" is not suitable for use as an exercise test. Although it elicited near-maximal exertion, there was no valid method of estimating aerobic fitness from virtual distance results.
<H1>Introduction
<CIC>Since active videogames have become popular household items, many healthcare professionals have been exploring different ways to use these novel devices to benefit health. The use of active videogames in areas such as physical activity,1 balance training,2 and neuromuscular rehabilitation3 are now commonly reported in the literature. The use of active videogames in exercise testing, however, has received less attention in the literature, with only one publication to date.4
A key determinant of performance in field-based exercise tests, particularly those that are self-paced, may be an individual’s motivation.5 Self-paced field-based exercise tests are often used as a valuable tool in clinical situations where laboratory testing is not an option.6 Adults and children alike have been reported to spend several hours every day playing videogames7,8 and are motivated to achieve at videogame play.9 If this motivation could be harnessed in the context of an exercise test, it could theoretically increase the possibility of achieving maximal exertion during a self-paced field-based exercise test. Active videogames provide visual, auditory, and at times tactile feedback to players. Such features may contribute to improved performance during exercise testing.10,11 Other potential advantages of using active videogames to assess fitness levels include affordability, portability, ease of disinfecting, and use in confined areas, such as a patient’s hospital room.
"Wii™ Fit Free Jogging" (Nintendo®, Kyoto, Japan) is a simulation offered on the "Wii Fit" game. It requires players to jog on the spot. "Free Jogging" is unique among Wii simulations in that it has both the desired qualities of being continuous for 10 minutes and necessitates whole-body movement. Furthermore, gameplay is independent of controller skill. "Wii Fit Free Jogging" has been shown to require greater energy expenditure than other active videogames1,12 and has an outcome called virtual distance, which theoretically could be useful in the estimation of maximal oxygen consumption (VO2max). Virtual distance achieved while playing "Wii Fit Free Jogging" depends on the movement of the Wii remote. The more the Wii remote moves, the greater virtual distance the on-screen character appears to run. Previous research by our group has shown that virtual distance is a reliable measure sensitive to changes of speed of movement of the Wii remote.13 This observation led to the current study, which aims to examine the potential of "Wii Fit Free Jogging" as a self-paced field-based exercise test with virtual distance as a proposed outcome measure to estimate VO2max.
Different exercise tests are expected to yield slightly different results for the same individual.14 This is mainly due to differences in the muscles recruited to carry out the test15 or the mechanical efficiency of the individual carrying out the test.16 For example, when comparing a maximal treadmill test with a maximal cycle ergometer-based test, Basset and Boulay14 found a mean difference in VO2max of 6 percent. The aim of this study was not to prove that a Wii test could be used in place of an incremental test (Bruce protocol) but rather to determine whether it could be used as a valid alternative for situations where self-paced testing is warranted.
For an exercise test using the "Wii Fit Free Jogging" game to be appropriate as an exercise test, it must have been found to fulfill two criteria:
<BL>
· Participants must have been found to reach a near-maximal level of exertion, defined as the highest VO2 levels reached during the test using "Wii Fit Free Jogging" being comparable to VO2max measured during the Bruce protocol. Statistical methods used to compare results are detailed below.
· The test must have been found to yield a result (in this case virtual distance) that could be used to estimate VO2max.
</BL>
The reason participants were required to have reached near-maximal levels of exertion during the newly developed exercise test was to determine whether a comparable effort was needed or even possible to achieve during the exercise test using "Wii Fit Free Jogging" as the Bruce protocol. It was not known whether it would be possible to reach maximal levels of exertion during the exercise test using "Wii Fit Free Jogging." As such, this study compared the highest oxygen consumption (VO2) achieved during the Wii test with VO2max achieved during the Bruce protocol as an indication of the intensity of the Wii Test. Were a participant not to have exerted him- or herself sufficiently during the Wii test, using virtual distance to estimate VO2max may not be valid because the virtual distance result achieved may not have been limited by (and by extension related to) VO2max.
The aims of this study were therefore
<BL>
· To compare the highest VO2 and heart rate (HR) achieved during the newly developed exercise test using "Wii Fit Free Jogging" with that achieved during the gold standard Bruce protocol,17 thus investigating construct validity
· To investigate the ability of virtual distance achieved to estimate VO2max reached during the Bruce protocol, thus investigating the criterion validity of the newly developed test
</BL>
The hypothesis was that although the highest HR and VO2 reached during the exercise test using "Wii Fit Free Jogging" would be slightly less than that achieved during the Bruce protocol, they would be related. It was also hypothesized that Wii virtual distance achieved would be related to VO2max and as such would be useful in the estimation of VO2max.
<H1>Materials and Methods

As with any newly developed exercise test, it was expected that the exercise test using "Wii Fit Free Jogging" would require some adjustment before results it yielded would be useful in the estimation of VO2max. During this study, two exercise tests were developed. The first was named the Wii Jogging Test. The second was similar to the Wii Jogging Test but incorporated small changes in order to improve its validity and was named the Wii Step Test. Despite having similar methodologies, these tests were examined separately and will be detailed separately in this article. For both tests VO2max was established using the Bruce treadmill protocol.
For both studies participants consisted of a convenience sample recruited through posters pinned to the university notice boards in the Trinity Centre for Health Sciences (Dublin, Ireland). Inclusion criteria were being between 18 and 35 years of age, with no contraindications to exercise. Height and weight of participants were measured using a SECA (Hamburg, Germany) stadiometer (model 220) and scales, respectively. Oxygen consumption and HR during each condition was measured using an Oxycon™ Mobile indirect calorimeter (Jaeger™; Viasys Healthcare, Hoechberg, Germany) and Polar FS1 fitness HR monitor (Polar Electro Oy, Kempele, Finland). Ethics approval was granted by the Faculty of Health Sciences Ethics Committee, Trinity College Dublin.

<H2>Statistical analysis
Studies had a within-subject design. Normality was assessed using the Kolmogorov–Smirnov test. To determine whether participants reached maximal or near-maximal levels of exertion, construct validity was assessed by comparing the highest VO2 (expressed in mL/minute/kg) and HR reached in the newly developed test with those reached in the established Bruce treadmill protocol (i.e., VO2max and maximal HR [HRmax]). This was done using repeated-measures analysis of variance. Differences between VO2 reached were also compared with the minimal detectable change (MDC). The minimum detectable within-subject difference in VO2max is approximately 12.3 percent.18 According to normative data,19 the mean VO2max of healthy males and females 20–29 years of age is approximately 43.25 mL/minute/kg. For the purpose of this research, 12.3 percent of 43.25 mL/minute/kg, or 5.32 mL/minute/kg, was regarded as the MDC in VO2max specific to our population. During analysis of results from the Bruce treadmill protocol, a VO2max was said to have been reached if there was an increase in VO2 of <150 mL/minute with an increase in work load and an R value of >1.1.20
To determine whether the newly developed exercise tests had criterion validity (i.e., whether virtual distance could be used to estimate VO2max), correlation analysis was conducted between VO2max and virtual distance reached during the test using "Wii Fit Free Jogging." Where a significant correlation was found, regression analysis was used to determine the ability of virtual distance to predict VO2max. Following this, other variables known to be related to VO2max, such as sex and age, were inputted into the regression model to determine whether virtual distance was still a significant contributor to the model predicting VO2max.
An a priori power calculation was conducted for correlation between Wii virtual distance and Bruce VO2max. The coefficient of determination (r2) was set at 0.45, with alpha = 0.05 and a power of 0.95. This led the system software of G*power to calculate an effect size of 0.6708. With these data, a resulting sample size of 15 participants was needed. Taking into consideration the limitation that there were no virtual distance data with which to perform power calculations, it was decided to recruit no less than 15 and no more than 20 participants.

<H1>Results

<H2>Study 1: The Wii Jogging Test
The Wii Jogging Test, required participants to jog on the spot for 10 minutes (Fig. 1). The position of the Wii remote was standardized by fixing it to the participant’s back at the level of T10 vertebrae with adhesive taping. As participants jogged, the distance their onscreen character covered (virtual distance) increased. Similar to the 6-minute walk test,21 participants were instructed to cover as much distance as possible in a given time. It was hypothesized that the fitter participants would achieve a higher virtual distance within a given time.
The correct running technique was demonstrated to participants, and verbal reminders were given throughout to ensure participants lifted their knees. This was necessary to prevent shuffling of the feet, which resulted in a faster step rate, and therefore a larger virtual distance, without a similar increase in energy expenditure. The highest VO2 and HR achieved and virtual distance reached in 10 minutes were recorded.

To determine the validity of the Wii Jogging Test and Wii Step Test (details of which are given below), results of these tests were compared with those of the Bruce treadmill protocol.17 The Bruce treadmill protocol was chosen as the gold standard exercise test with which to compare the exercise test using "Wii Fit Free Jogging" because it is well established, widely accepted as a valid exercise test,22–24 and requires whole-body movement comparable to the movement required by "Wii Fit Free Jogging." The Bruce treadmill protocol was conducted on a Viasys model LE300 CE treadmill. The American College of Sports Medicine’s guidelines for performing and stopping exercise tests were followed.25 For both studies, test order was randomized using computer-generated number sequencing. Participants were asked to maintain current activity levels for the duration of the study so that little change was expected in VO2max between tests. All tests for any one participant were conducted within a 2-week period. Details of the stages in the Bruce treadmill protocol are provided in Table 1<T1>.
<H3>Results. Eighteen participants were recruited (five males). Table 2<T2> describes participant characteristics and results of both the Wii Jogging Test and the Bruce treadmill protocol. All variables were normally distributed (Kolmogorov–Smirnov test, P > 0.05). It was noted that some participants did not maintain a high knee lift during stepping despite instruction to do so.

Repeated-measures analysis of variance demonstrated that there was a significant difference between test conditions (Bruce versus Wii: F = 10.30, P = 0.001). Differences were significant for both VO2 and HR reached. Post hoc tests revealed that VO2max and HRmax (reached during the Bruce treadmill protocol) were significantly higher than the highest VO2 and HR achieved during the Wii Jogging Test (P < 0.001 and P = 0.002, respectively). The difference in VO2 between tests (7.17 mL/minute/kg) was greater than the MDC. Close analysis of the individual data points revealed that the greatest differences in VO2 achieved between the Bruce treadmill protocol and Wii Jogging Test were among those who had the highest VO2max.
A mean virtual distance of 3918 (standard deviation = 635) virtual meters was reached during the Wii Jogging Test. There was a significant correlation between Wii virtual distance and VO2max (r = 0.4967, P = 0.036). Simple linear regression analysis with VO2max as the dependent variable and Wii virtual distance as the independent variable (Table 3<T3>) showed an adjusted R2 value of 0.200. In multiple linear regression analysis, when age and sex were added as independent variables, Wii virtual distance was no longer a significant contributor to the prediction of VO2max (Table 3).

<H2>Study 2: Wii Step Test
The Wii Step Test was developed after the Wii Jogging Test to improve the ability of virtual distance to predict VO2max. Changing the movement involved to stepping instead of jogging on the spot may reduce the variation in virtual distance attributed to differences in running style. The use of a step would also increase the challenge of the test, potentially allowing fitter players to achieve higher HR values and a higher VO2. To complete the Wii Step Test, participants were asked to step onto and off a step of fixed height (30 cm) continuously in order to reach the highest virtual distance possible in a 5-minute period. The time period was shortened to 5 minutes because pilot work revealed that participants considered 10 minutes of stepping too long and tiring on their calves. The number of steps taken by participants was counted as a potential alternative to virtual distance in the prediction of VO2max.26 Each participant conducted the Wii Step Test twice. The first attempt was considered a practice attempt. Analysis was conducted on data collected from the second Wii Step Test only.
For the Wii Step Test, the placement of the Wii remote was also changed. On-screen instructions before playing "Wii Fit Free Jogging" ask players to place the Wii remote in the pocket of the trousers or shorts. The game was therefore designed with the presumption that the Wii remote would be in players’ pockets, approximately at hip level. Therefore during the Wii Step Test, the Wii remote was placed at the level of the right hip (Fig. 2<F2>). A limitation to the placement of the Wii remote at the level of the right hip when stepping is that its displacement would depend on the leg length of participants. Attaching a Wii remote to the lower calf may overcome this problem. It was therefore decided to use two Wii remotes simultaneously: One attached to the upper right thigh, near the right hip (Fig. 2); the other attached to the lower calf (Fig. 3<F3>). In the following study virtual distances recorded from both Wii remotes were compared to determine whether one position yielded results that were superior to the other for the estimation of VO2max.

<H3>Results. Fifteen participants were screened and recruited to the study. One male participant dropped out during the testing period because of unforeseen circumstances; therefore analysis was conducted on 14 participants. Baseline characteristics and results of the Wii Step Test and Bruce treadmill protocol are presented in Table 4<T4>. All data were normally distributed (Kolmogorov–Smirnov test, P > 0.05). Analysis revealed a significant difference in variables between the Bruce treadmill protocol and the Wii Step Test (F = 5.5, P = 0.003). Post hoc analysis revealed that HRmax achieved during the Bruce treadmill protocol was statistically significantly greater than the highest HR achieved during the Wii Step Test (P = 0.001) (Table 4). No significant difference was seen between the highest VO2 reached during the Wii Step Test and VO2max (P = 0.101). Furthermore, the difference seen (2.83 mL/minute/kg) was less than the MDC.

There was a significant correlation between VO2max and virtual distance achieved when the Wii remote was placed at the calf during the Wii Step Test (P = 0.042) (Table 5<T5>). A significant correlation was also seen between the number of steps taken during the Wii Step Test and VO2max (P = 0.001). Regression analysis was therefore conducted to determine the contribution of these two parameters to variance in VO2max. In simple linear regression, virtual distance while the Wii remote was placed at the calf during the Wii Step Test had an adjusted R2 value of 0.242. For number of steps taken, a stronger regression model was found with an adjusted R2 of 0.588 (Table 6<T6>). In multiple regression, when age, sex, body mass index, number of steps taken, and virtual distance achieved during the Wii Step Test were entered as independent predictor variables, only age significantly contributed to the prediction of VO2max (Table 6).

<H1>Discussion
This study examined the potential for an activity videogame, "Wii Fit Free Jogging," to be used to estimate VO2max. Two exercise tests were developed: the Wii Jogging Test and the Wii Step Test. In order to determine construct validity, the highest VO2 and HR reached during the newly developed tests were compared with VO2max and HRmax reached during the established Bruce treadmill protocol.11 The ability of virtual distance reached to predict VO2max was analyzed in order to determine criterion validity.
Results of this study revealed that the Wii Jogging Test did not have construct validity. The large difference in VO2 reached between the Wii Jogging Test and the Bruce treadmill protocol among those who had the highest VO2max suggested a possible ceiling effect. It was possible that the Wii Jogging Test may not have been sufficiently demanding for those of a high fitness level. As it was not an aim of this study to examine the validity of the Wii Jogging Test across fitness levels, the numbers of participants in each fitness category were too low for meaningful analysis between fitness categories.

Regarding criterion validity, the adjusted R2 of 0.2 was considered too low for Wii virtual distance to be used to estimate VO2max. Therefore this test did not have criterion validity. Although participants were instructed prior to the commencement of the Wii Jogging Test to maintain a high knee lift, some participants fatigued and became less inclined to maintain a high knee lift throughout the test, resulting in an increased, but less dynamic, cadence. This had the paradoxical effect of increasing the on-screen character’s speed, and as a result the virtual distance achieved. It was hypothesized that this change in running style may have caused virtual distance achieved to be insufficient in the estimation of VO2max. Overall results suggested that the Wii Jogging Test may not have been sufficiently challenging for fitter participants. It was believed that virtual distance achieved during this test may not have been able to predict VO2max because of the heterogeneity of jogging on the spot. Transforming the Wii Jogging Test into a Wii Step Test was hypothesized to increase the challenge posed by the test, making it more suitable for those of high fitness levels and standardizing the movement carried out between individuals. Thus the Wii Step Test was developed.
The Bruce treadmill protocol and Wii Step Tests elicited similar VO2 responses. However, regression results suggested that virtual distance reached by participants during the Wii Step Test was not a valid predictor of VO2max. The lack of criterion validity persisted throughout this study. Addition of a step to help standardize the influence of heterogeneous running techniques or a trial of the test did not render the virtual distance result of an exercise test using the "Wii Fit Free Jogging" game valid in the estimation of VO2max. As a further discredit to the use of virtual distance as an outcome measure, this study found that the number of steps taken during the Wii Step Test was a stronger predictor of VO2max (adjusted R2 of 0.58 with number of steps taken compared with 0.24 for virtual distance).

One explanation on the lack of criterion validity is that virtual distance may not be a sufficiently sensitive measure. The coefficient of variation (standard deviation as a percentage of the mean) in VO2max in the second study was 16 percent. Variation in the highest VO2 reached during the Wii Step test was similar at 15 percent. Variation in virtual distance, however, was only 10%, and variation in the number of steps taken was 12.4 percent. This suggests that virtual distance was not sensitive enough at detecting differences in stepping, or that the difference in VO2max between participants was too small to be accurately detected by virtual distance. Previous work examining the sensitivity of virtual distance was conducted using an automated system and stepping at constant speeds.13 Results showed virtual distance to be sensitive to changes in speed. It is possible, however, that the difference in VO2max between participants in the studies presented above was too small to be accurately detected by virtual distance and that results of studies investigating the measurement properties of virtual distance were not transferable to the situation where participants were asked to maximally exert themselves. The movements required to step at a constant speed in time with a metronome13 may not have been comparable to those required to reach as high a virtual distance as possible while stepping.
<H2>Limitations and further studies
The self-paced nature of exercise tests described in this study could be viewed as a limitation. Most maximal exercise tests, such as the Bruce treadmill protocol, are externally paced and incremental in nature. Because motivation is known to affect performance during self-paced exercise tests, it is possible that participants did not exert themselves as much during exercise tests involving active videogames as they did during the incremental Bruce treadmill protocol. Further studies in this area may benefit from measuring participants' motivation to exert themselves during exercise testing. Throughout this study the placement of the Wii remote on participants was altered in an attempt to improve validity. It is not yet fully understood by how much placement of the Wii remote on a participant would alter virtual distance results. If a similar methodology were adopted in further research, the effect of Wii remote placement would need to be examined. Finally, it is acknowledged that comparison of the newly developed test with another similar and previously validated self-paced exercise test may have yielded interesting results.
For Study 2, although 15 participants were recruited, only 14 completed both exercise tests; this meant that numbers were lower (by one participant) than those needed as per the power calculation. Although this is a limitation, analysis including data from the participant who dropped out did not affect results. Furthermore, as results were not borderline significant and the pattern of virtual distance results not being useful in the estimation of VO2max was seen throughout both studies, it is believed that one more participant was unlikely to alter these results.

Further research investigating the potential of an exercise test using an active videogame among a deconditioned population and among children, for whom this type of test may be better suited, may yield interesting results. There is also clear potential for the accuracy of videogames designed to estimate fitness and other parameters similar to virtual distance to be examined. In a similar study conducted by Haddock et al.4 in 2012, significant correlations were found between the results of the “Jackie Chan Action Run” game and two commonly used field-based exercise tests; however, regression analysis was not carried out to determine whether results of “Jackie Chan Action Run” could be used in the estimation of cardiorespiratory fitness levels. Further research into “Jackie Chan Action Run” or other similar games may yield interesting results.

<H1>Conclusions
In its current form, "Wii Fit Free Jogging" is not suitable for use as an exercise test. Although it elicits near-maximal exertion, there is no valid method of estimating maximal oxygen uptake during this test without the use of gas analysis equipment.
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<TN>Table 1.<TH>Bruce Treadmill Protocol
	Stage
	Minutes
	% grade
	Rate (km/hour)

	1
	3
	10
	2.7

	2
	6
	12
	4.0

	3
	9
	14
	5.4

	4
	12
	16
	6.7

	5
	15
	18
	8.0

	6
	18
	20
	8.8

	7
	21
	22
	9.6


<TN>Table 2.<TH>Study 1 Participant Characteristics and Test Results
	
	Value (total n =18)

	Age (years)
	21.89 (1.97)

	Height (cm)
	172.9 (7.9)

	Weight (kg)
	69.4 (7.4)

	BMI (kg/m2)
	23.2 (1.9)

	VO2max Bruce (mL/minute/kg)
	46.79 (10.14)

	Highest VO2 Wii Jogging Test (mL/minute/kg)
	39.62 (7.02)a

	HRmax Bruce (bpm)
	195 (6)

	Highest HR Wii Jogging Test (bpm)
	187 (9)a


<TFN>Data are mean (standard deviation) values.

aIndicates a significant difference from equivalent Bruce treadmill protocol results.
BMI, body mass index; bpm, beats per minute; HR, heart rate; HRmax, maximal heart rate; VO2, oxygen consumption; VO2max, maximal oxygen consumption.
<TN>Table 3.<TH>Regression Models
	Linear regression model, predictor variable for VO2max achieved during Bruce treadmill protocol
	Beta
	Significance

	Simple linear (F1,17 = 5.240, P = 0.036; adjusted R2 = 0.200)
	
	

	Wii virtual distance
	0.497
	P = 0.036a

	Multiple (F3,17 = 5.658, P = 0.009; adjusted R2 = 0.451)
	
	

	Age
	0.202
	P = 0.282

	Sex
	–0.562
	P = 0.013a

	Wii virtual distance
	0.246
	P = 0.235


<TFN>aIndicates a statistically significant contributor to the model.
VO2max, maximal oxygen consumption.
<TN>Table 4.<TH>Study 2 Participant Characteristics and Exercise Test Results
	Variable
	Value (total n = 14)

	Age (years)
	22.5 (3.8)

	Weight (kg)
	72.2 (14.3)

	Height (cm)
	172.5 (6.8)

	BMI (kg/m-2)
	24.3 (4.4)

	VO2max Bruce (mL/minute/kg)
	44.94 (7.16)

	Highest VO2 Wii Step Test (mL/minute/kg)
	42.11 (6.40)

	HRmax Bruce (bpm)
	190 (11)

	Highest HR in Wii Step Test (bpm)
	185 (10)a

	Steps taken in Wii Step Test (n)
	204 (25)

	Virtual distance (vm)
	

	Controller at thigh
	1507 (158)

	Controller at calf
	1463 (144)


<TFN>Data are mean (standard deviation) values. Note that all Wii Step Test results are taken from the second attempt.

aIndicates a significant difference from equivalent Bruce treadmill protocol results.

BMI, body mass index; bpm, beats per minute; HR, heart rate; HRmax, maximal heart rate; VO2, oxygen consumption; vm, virtual meters; VO2max, maximal oxygen consumption.
<TN>Table 5.<TH>Correlation Analysis Between Maximal Oxygen Consumption Achieved During Bruce Treadmill Protocol and Wii Step Test
	Parameter correlated with VO2max
	r value
	Significance

	Virtual distance recorded at
	
	

	Thigh
	0.461
	0.097

	Calf
	0.548
	0.042a

	Number of steps taken
	0.787
	0.001a


<TFN>aIndicates a statistically significant correlation.
VO2max, maximal oxygen consumption.
<TN>Table 6.<TH>Regression Models
	Linear regression model, predictor variable for VO2max achieved during Bruce treadmill protocol
	Beta
	Significance

	Simple (F1,13 = 5.157, P = 0.042; adjusted R2 = 0.242)
	
	

	Wii virtual distance
	0.548
	P = 0.042a

	Simple (F1,13 = 19.532, P = 0.001; adjusted R2 = 0.588)
	
	

	Number of steps taken
	0.787
	P = 0.001a

	Multiple (F5,13 = 9.855, P = 0.003; adjusted R2 = 0.773)
	
	

	Age
	–0.406
	P = 0.022a

	Sex
	–0.484
	P = 0.085

	BMI
	–0.214
	P = 0.268

	Wii virtual distance at calf
	–0.193
	P = 0.396

	Number of steps taken
	0.559
	P = 0.127


<TFN>aIndicates a statistically significant contributor to the model.
VO2max, maximal oxygen consumption.
<FGN>FIG. 1.<FGCAP>Participant playing "Wii Fit Free Jogging" as an exercise test.
<FGN>FIG. 2.<FGCAP>Wii remote attached to the lateral thigh.
<FGN>FIG. 3.<FGCAP>Wii remote attached to the lateral calf.
