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ABSTRACT
Barkley JE, Penko A. Physiologic Responses, Perceived Exertion and Hedonics of Playing a Physically Interactive Video Game Relative to a Sedentary Alternative and Treadmill Walking in Adults. JEPonline 2009;12(3):12-23.  The physiologic cost of playing the popular, physically interactive Nintendo Wii gamming system has only been assessed in an adolescent population. No study has compared Wii play to a bout of physical activity, assessed ratings of perceived exertion (RPE) or hedonics (liking) of Wii play.  PURPOSE: To determine if VO2, heart rate (HR), RPE and liking of playing Nintendo Wii Sports Boxing was greater than sedentary video game play and treadmill walking in adults. METHODS: Twelve healthy males (N=6) and females (N=6) (31.5 ( 12.4 yeas old) had their HR and VO2 assessed during four, 10-minute conditions: rest, walking on a treadmill at 2.5 miles·hr-1, playing a sedentary video game, and playing Wii Sports Boxing.  RPE (Borg scale) and liking were assessed during the treadmill walking and video game conditions. RESULTS: Average HR (121.2 ± 12.4 beats·min-1 Wii, 94.1 ± 13.4 beats·min-1 next greatest), VO2 (15.4 ± 4.5 ml·kg-1·min-1 Wii, 10.4 ± 0.9 ml·kg-1·min-1 next greatest), RPE (13.3 ± 1.7 Wii, 9.8 ± 1.7 next greatest) and liking (9.1 ± 1.0 cm Wii, 5.6 ± 3.2 cm next greatest) were significantly greater for Nintendo Wii (P≤0.001 for all) than all other conditions.  CONCLUSION: Wii Sports Boxing was a well-liked activity capable of eliciting a physiologic challenge greater than both a sedentary alternative and treadmill walking in adults. 
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INTRODUCTION

It is estimated that 66.2% of American adults are considered at least overweight (BMI ≥25-29.9), with 32.2% considered obese (BMI ≥35) (1).  One of the primary contributing factors to these high rates of obesity and overweight in American adults is inadequate participation in physical activity (2-5).  Despite the overwhelmingly positive evidence outlining the benefits of physical activity, not only as it pertains to obesity but overall morbidity and mortality, most American adults do not participate in adequate amounts of physical activity (6).  Therefore, it is important to examine new methods for increasing physical activity in adults.
According to the Center for Disease Control (6), fewer than 50% of American adults accumulate ≥30 minutes of moderate to vigorous physical activity (MVPA) on at least five out of seven days per week (7).  Furthermore, approximately 16% of American adults report participating in no leisure time physical activity at all (6).  In addition to the majority of American adults participating in inadequate amounts of physical activity, 67% and 25% report daily television and home computer use, respectively, in excess of two hours per day (8).  This information suggests that adults accumulate a significant amount of sedentary square screen use, which includes watching television, using a computer, playing computer or video games, and watching movies.  One square screen activity, video or computer game play, is increasingly popular.  While approximately 81% of American adults aged 18 to 29 years and 60% aged 30-49 years play video or computer games, 21% of all adults play every day or almost every day (9).  
Until recently, video game play was almost exclusively a sedentary activity.  The development of new physically interactive video games has made physically interactive square screen use possible.  Several of these games including; Dance Dance Revolution (10-12), EyeToy (10,11), and Xavix (13) have been shown to significantly increase the energy expenditure required to play relative to a traditional sedentary square screen use, either in the form of video game play or television viewing.  The Nintendo Wii, released in 2006, is another physically interactive gaming system that requires users to move a joystick or joysticks through a three-dimensional space to elicit a response of an item or character on a video screen.   Since its release, the Nintendo Wii has sold 34.55 million units worldwide with 15.19 million units sold in North America alone (14).  Initial research examining some of the Nintendo Wii games has indicated greater energy expenditure and oxygen consumption (VO2) in adolescents playing Wii Sports Boxing, Tennis and Bowling relative to sedentary video game alternatives (15,16).  The popularity of the Wii, coupled with these encouraging initial assessments of the physiologic cost of Wii play in adolescents, highlights the importance of future evaluation of the Nintendo Wii gaming system as a potential physical activity.   
While there is a small amount of research examining the Nintendo Wii in adolescents, there is presently no research evaluating physiologic measures of effort in adults playing the Wii relative to a traditional, sedentary video game.  Additionally, the Nintendo Wii has not been compared to physical activity (i.e., treadmill walking) nor has perceived exertion or hedonics (liking) of playing the Nintendo Wii been assessed for any age group.  Therefore, the purpose of this study was to compare physiologic measures of exertion, ratings of perceived exertion (RPE), and liking of Nintendo Wii Sports Boxing to a sedentary video game alternative and leisurely treadmill walking in adults. 

METHODS


Subjects

Participants included one Asian and five Caucasian adult males (35.7 ± 13.3 years) and six Caucasian adult females (27.3 ± 10.9 years) (Table 1).  Participants were recruited from a database of individuals who had previously contacted the Applied Physiology Laboratory at Kent State University to participate in separate, unrelated studies and from flyers posted in the local community.  Participants were excluded if they had disorders that may act as contraindications to physical activity including cardiovascular, neuromotor, cognitive or orthopedic disorders.  Written informed consent was obtained from each individual prior to participation. The study was approved by the Institutional Review Board.
Procedures

Participants meeting the entry criteria were invited to the Applied Physiology Laboratory at Kent State University.  Height and weight of the participants were determined using a balance beam scale and a stadiometer (Health O Meter, Alsip, IL).  Then, the participants completed the following four, 10-minute activity conditions with a five-minute rest period between each.
Resting:  Participants rested in a recumbent position.
Treadmill Walking:  Participants walked on a treadmill at a speed of 2.5 miles·hour-1.  This speed was chosen as it is considered a leisurely walking pace (17,18).  It was also estimated to elicit a metabolic equivalent (MET, 1 MET = 3.5 ml·kg-1·min-1) level of 3 (actual VO2: 10.4 ± 0.9 ml·kg-1·min-1 or 2.97 ± 0.3 METS), which is the lower range for MVPA (7,19).
Traditional Sedentary Video Game Play:  Participants played Nintendo PunchOut! (Nintendo Co Ltd, Minami-ku Kyoto, Japan).  PunchOut! is a boxing simulation where the player controls one contestant and boxes an opponent.  The game was played at the least difficult setting possible and in the seated position with only the hands and fingers required to manipulate the remote control to elicit a response of a character on the screen.    
Nintendo Wii Sports Boxing:  Participants played Nintendo Wii Sports Boxing (Nintendo Co Ltd, Minami-ku Kyoto, Japan) against a computer-controlled opponent at the least difficult setting possible as previously described (16). 
The resting condition was performed first and the order of remaining conditions (treadmill walking, sedentary video game and Wii Sports Boxing) was counterbalanced across participants.  These final three conditions were each preceded with verbal instruction and a three-minute familiarization period.  Additional instruction and familiarization were provided as needed.  Following the instruction and familiarization process, each participant rested for five minutes before completing the next condition.  Heart rate (beats·min-1) and VO2 (ml·kg-1·min-1) were recorded throughout each of the four, 10-minute conditions.  At the conclusion of the treadmill, sedentary video game, and Wii Sports Boxing conditions, the participants were asked to indicate their RPE using the Borg scale and their liking using a 10 cm visual analog scale (VAS).  

Instruments 

Anthropometry: All anthropometric measures were performed by an experienced anthropometrist (AP, JEB).  Weight was assessed to the nearest 0.2 kg using a balance beam scale (Health O Meter, Alsip, IL).  Height was assessed to the nearest 1.0 mm using a calibrated stadiometer (Health O Meter, Alsip, IL).  
Heart Rate Monitoring: Heart rate was recorded using a heart rate monitor (Polar, Kempele, Finland) during the final 10 seconds of each of the four, 10-minute activity conditions.  Average heart rate was then reported in beats·min-1.  
Indirect Calorimetry: VO2 during each condition was recorded using indirect calorimetry.  Participants were fitted with a mouthpiece and connected to a calibrated metabolic cart (Parvo Medics, Truemax 2400) to monitor VO2 in ml·kg-1·min-1 throughout each 10-minute condition.    
Ratings of perceived exertion (RPE):  Undifferentiated (whole-body) RPE was obtained for the treadmill, sedentary video game and Wii Sports Boxing conditions using the validated Borg scale (20,21).
Liking of physical activity: Participants rated their liking of the treadmill, sedentary video game and Wii Sports Boxing conditions using a VAS consisting of a 10 cm line anchored by ‘do not like it at all’ on the left side and ‘like it very much’ on the right side.  The ratings were made immediately after the conclusion of each condition. Liking or hedonics is an affective rating of a behavior that directly correlates with physical activity participation (22-25) and the relative reinforcing value of one pattern of physical activity (interval) versus another (continuous) (26).
Statistical Analyses

An independent samples t test was used to determine differences in participant physical characteristics (age, height, weight, BMI) between males and females.  Two, separate two gender (male, female) by four condition (supine rest, sedentary video game, treadmill walking, Wii Sports Boxing) analysis of variance (ANOVA) tests were used to examine differences in VO2 (ml·kg-1·min-1) and heart rate (beats·min-1). Two additional, two gender by three condition (sedentary video game, treadmill walking, Wii Sports Boxing) ANOVA tests were performed to examine differences in RPE and liking.  Post-hoc analysis for significant main effects of condition and significant interaction effects were performed using t tests.  Statistical power was deemed to be sufficient for testing the primary outcome variable, VO2.  It was hypothesized that VO2 would be significantly greater in adults playing Wii Sports Boxing relative to a traditional sedentary video game (PunchOut!).  Average VO2 during Wii Sports Boxing play was 15.4 ± 4.5 ml·kg-1·min-1 and 4.7 ± 0.8 ml·kg-1·min-1 when playing the sedentary video game.  This difference yielded an effect size of 4.0 (which requires 6 participants to achieve a statistical power of ≥0.8).  Participants achieved an average VO2 of 15.4 ± 4.5 ml·kg-1·min-1 and 10.4 ± 0.9 ml·kg-1·min-1 respectively, in the Wii Sports Boxing and the treadmill conditions.  The difference between these two conditions yielded an effect size of 1.9 (which requires 12 participants to achieve a statistical power of ≥0.8).  Therefore, the current sample size of N = 12 was deemed to be sufficient. 

RESULTS

Males and females were not significantly different (p ≥ 0.13) for age, height, weight or BMI (Table 1).  Two-way ANOVA demonstrated a significant (p < 0.02) gender by condition interaction for differences in VO2 (Figure 1).  This interaction appears to be due to a trend (p = 0.07) towards a greater increase in VO2 from the sedentary video game to the Wii Sports Boxing condition in the males (Δ 12.8 ± 4.6 ml·kg-1·min-1) relative to females (Δ 8.5 ± 2.7 ml·kg-1·min-1).  Because there were no additional significant main (p > 0.30) or interaction effects (p > 0.32) of gender, the remaining dependent variables (heart rate, RPE, and liking) are presented with both genders pooled into a single group.  Significant main effects of condition (p < 0.001 for both) were noted for VO2 and heart rate (Figure 1 
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Figure 1.  Average VO2 (ml·kg-1·min-1) during supine rest, playing a sedentary video game (VG), treadmill walking and playing Wii Sports boxing in males (open bars) and females (shaded bars). *Condition significantly greater than resting, †condition significantly greater than sedentary VG, and #condition significantly greater than treadmill walking (p < 0.004 for all).  Data are mean ± SE.  There was a significant gender by condition interaction (p < 0.02). 




and 2, respectively).  There was a significant incremental increase (p < 0.004 for all) in VO2 and heart rate from resting (3.7 ± 0.4 ml·kg-1·min-1, 73.4 ± 10.1 beats·min-1) to the sedentary video game (4.7 ± 0.8 ml·kg-1·min-1, 80.6 ± 10.5 beats·min-1), from the sedentary video game to treadmill walking (10.4 ± 0.9 ml·kg-1·min-1, 94.1 ± 13.4 beats·min-1) and from treadmill walking to the Wii Sports Boxing (15.4 ± 4.5 ml·kg-1·min-1, 121.2 ± 12.4 beats·min-1).  Additional main effects of condition (p < 0.001) were noted for RPE and liking (Figure 3 and 4, respectively).  RPE significantly increased (p < 0.001 for both) from the sedentary video game (7.5 ± 1.5) to treadmill walking (9.8 ± 1.7) and from treadmill walking to Wii Sports Boxing (13.3 ± 1.7).  Liking scores were not different (p ≥ 0.95) between the sedentary video game (5.6 ± 3.2 cm) and treadmill walking (5.5 ± 2.7 cm).  However, liking for Wii Sports Boxing (9.1 ± 1.0 cm) was significantly greater (p < 0.001) than both the sedentary video game and treadmill walking.    
DISCUSSION
Physiologic Cost
While previous studies have examined physically interactive video games in children and adolescents (10-13,15,16), this was the first laboratory study to evaluate the VO2 and heart rate (Figure 2) responses of adults while playing a physically interactive Nintendo Wii Sports Boxing video game relative to traditional sedentary video game play, leisurely treadmill walking and resting.  Playing Wii Sports Boxing resulted in a significantly greater heart rate and VO2 than any of the other three conditions.  These results are in agreement with previous research (15,16) that have demonstrated significantly greater energy expenditure (determined via VO2 and accelerometry) in adolescents when playing Wii Sports Boxing relative to a sedentary video game.  In addition to being greater than resting, previous research (16) focused on adolescents (3.2 ± 1.4 METS) coupled with the current findings focused on adults (4.4 ± 1.3 METS) indicate that the intensity of playing Wii Sports Boxing is great enough to classify the activity as MVPA (19) for both adults and adolescents.   Therefore, playing Wii Sports Boxing could count towards the recommendation for a minimum of 30 minutes of MVPA five days per week (7).  Because sedentary behavior (8) and video game play (9) are prevalent in the adult population the substitution of a physically interactive game like Wii Sports Boxing may help reduce sedentary behavior without requiring the cessation of a reinforcing behavior, which video game play likely is for many adults. 
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Figure 2.  Average heart rate (beats·min-1) during supine rest, playing a sedentary video game (VG), treadmill walking and Wii Sports Boxing. *Significantly greater than resting, †significantly greater than sedentary VG, and #significantly greater than treadmill walking (p < 0.004 for all).  Data are mean ± SE. 




Gender Differences
In the present investigation, there was a significant gender by condition interaction for VO2 which appears to be due to a trend towards a greater increase in VO2 from the sedentary video game play condition to the Wii Sports Boxing condition in males relative to females.  While this difference was not expected, it is not unprecedented.  Previous research has also demonstrated greater predicted energy expenditure in adolescent boys relative to adolescent girls when playing the Nintendo Wii (15).  The results of the present and previous investigations suggest that, from an energy expenditure standpoint, both adolescent and adult males, may obtain a greater benefit than females when playing Wii Sports Boxing.  The reason for the difference between genders is unclear, however it may be related to potential gender differences in aggressive behavior.  Because Wii Sports Boxing play is self-directed, meaning the player can control their own intensity, individuals who are more aggressive in their play may elicit a greater VO2 than less aggressive counterparts.  It has been reported that males exhibit more aggressive physical behavior than females (27-30).  If males were more aggressive than females during Wii Sports Boxing play, they may have thrown more punches or punched with a greater force during their 10-minute session than females (thus eliciting a greater VO2).  Future research examining the relationship between measures of aggression and the rate of punches thrown during Wii Sports Boxing play in males and females may help to elucidate this gender discrepancy.  
RPE and Liking

The present investigation was also the first evaluation of RPE (Figure 3) and liking of playing a physically interactive video game, in this case Wii Sports Boxing, relative to sedentary video game play and treadmill walking for any age group.  RPE was significantly greater during Wii Sports Boxing
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Figure 3.  Average rating of perceived exertion (RPE) while playing a sedentary video game (VG), treadmill walking and playing Wii Sports Boxing. *Significantly greater than sedentary VG and †significantly greater than treadmill walking (p < 0.001 for both).  Data are mean ± SE. 




play than both the sedentary video game and treadmill walking conditions.  This is not surprising as RPE has been shown to be positively correlated (20,21,31) to both VO2 and heart rate, and these variables were also greatest during Wii Sports Boxing play.  Despite the greater physiologic and perceived exertion, liking of the Wii Sports Boxing condition was significantly greater than the sedentary video game and treadmill walking conditions.  While further research is needed to better explain the relationship between liking of an activity and RPE, the limited evidence that exists suggests that there is an inverse relationship between RPE and liking of prescribed patterns of physical activity (26).  Presently, the perceived intensity of playing the Nintendo Wii may not have been great enough to negatively impact participants’ liking for that task.  Liking (Figure 4) for an activity has been shown to be predictive of the amount of that activity an individual chooses to engage in (22-25). Therefore, it is reasonable to suggest that adults may be more willing to engage in Wii Sports Boxing play than either treadmill walking or sedentary video game play.  Future research examining how reinforcing or motivating Wii Sports Boxing is relative to sedentary video games would offer greater insight into the likelihood that individuals would choose to play Wii Sports Boxing versus a sedentary video game
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Figure 4.  Average visual analog scale for liking (cm) while playing a sedentary video game (VG), treadmill walking and playing Wii Sports Boxing. *Significantly greater than sedentary VG and treadmill walking (p < 0.001).  Data are mean ± SE. 




Limitations
While the present results are encouraging, there are limitations to the study.  The sample size (N=12) was small and generaliziability is limited to healthy adults.  While there is a rapidly expanding library of Nintendo Wii games, only one was evaluated.  Wii Sports Boxing was chosen as it is included with the Nintendo Wii gaming system, making it one of the more widely circulated Wii games. Wii Sports Boxing has also been shown to be the most physiologically challenging of the Wii games that have previously been evaluated (15,16).  Additional research establishing ranges of intensities and how enjoyable a greater variety of Nintendo Wii games in adults is advisable.  As was the case with previous investigations, the amount of time participants performed each activity was relatively brief (10 minutes).  Because Wii Sports Boxing is self-directed, it is possible that if the game were played for a longer period of time the rate of energy expenditure during Wii play may be reduced.  Finally, while Wii Sports Boxing was well liked in the present investigation, the ability of this game to maintain a player’s interest over an extended period of time should be evaluated to determine if this game, and perhaps others like it, would be effective tools in interventions designed to increase physical activity in adults.
CONCLUSIONS

The present research supports previous findings (15,16) indicating that Wii Sports Boxing is significantly more physiologically challenging than traditional sedentary video games.  This study extends those findings into the adult population and is the first to demonstrate that Wii Sports Boxing is more physiologically challenging than leisurely walking.  Furthermore, this was the first time measures which have been indicated as potential behavioral predictors of physical activity, RPE (26,32) and liking (22-26), were assessed during Wii Sports Boxing play.  Despite being perceived as the most difficult condition, participants reported the greatest liking for Wii Sports Boxing.  Taken together, this suggests that Wii Sports Boxing was a well-liked activity capable of eliciting a physiologic challenge great enough to be considered MVPA in adults. Because of the prevalence of video game play as a sedentary activity in the adult population (9), substitution of a physically interactive video game, like Wii Sports Boxing, may represent a unique avenue to increase MVPA as it allows for the continuation of an apparently reinforcing behavior; video game play.  Therefore, future research examining the effect of the replacement of traditional sedentary video games with physically interactive alternatives such as Wii Sports Boxing is warranted.
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Table 1.  Participant physical characteristics.


Variable�
Males 


(N = 6)�
Females 


(N = 6)�
�
Age (years)�
35.7 ±13.9�
27.3 ± 10.3�
�
Height (cm)�
176.8 ± 9.3�
162.6 ± 19.3�
�
Weight (kg)�
195.2  ±54.5�
152.6 ± 20.8�
�
BMI �
28.0  ±5.7�
26.8 ± 6.0�
�
Data are mean ± SD.  








_1291293716.unknown

_1291293820.unknown

_1291293538.unknown

_1291293561.unknown

