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ABSTRACT

Overweight and obese youth can benefit significantly from sustainable physical 

activity interventions resulting in weight loss. Exergames (i.e. video games that require 

gross motor activity) used as physical activity tools may improve the physical, socio-

emotional, and cognitive health of these youth. To contribute to our understanding of 

the impacts of exergame play on adolescents, this dissertation examined change in 

weight, self-efficacy, self-esteem, friendship quality, and executive function during an 

exergame intervention.

Fifty-four low-income 15- to 19-year-old overweight and obese African 

American adolescents were randomly assigned to competitive exergame, cooperative 

exergame, or control conditions. All exergame participants were encouraged to play the 

Nintendo Wii Active game for 30 to 60 minutes per school day in a lunch-time or after-

school program. Cooperative exergame participants worked with a peer to expend 

calories and earn points together, whereas competitive exergame participants competed 

individually against a peer. Physical and socio-emotional measures were collected at 

baseline, at approximately 10 weeks, and at approximately 20 weeks. Executive 

function skills were tested at baseline and at approximately 10 weeks.
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Growth curve analysis revealed that cooperative exergame players lost more 

weight than the control condition did. There was no difference in weight loss between 

the cooperative and competitive conditions, or between the competitive and control 

conditions. Participants with higher baseline friendship quality marginally lost more 

weight than those with lower baseline friendship quality. Both cooperative and 

competitive exergame play produced beneficial effects for exercise self-efficacy and 

friendship quality. Youth reported high levels of intrinsic motivation for game play, 

particularly those in the cooperative condition. 

Analysis of variance revealed that youth in the competitive condition who 

played the exergames just before testing improved in executive function skills more 

than those in the cooperative and control conditions. Effects were stronger for males 

than for females. Weight loss during the intervention was also significantly correlated 

with improvement in executive function skills. 

The results suggest that exergames are a digital tool that can promote adolescent 

health. The findings of this dissertation link important beneficial physical, socio-

emotional, and cognitive outcomes to exergame play for at-risk ethnic minority 

adolescents who face significant health challenges.
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CHAPTER I: INTRODUCTION

Playing games is instrumental for adolescents’ physical, socio-emotional, and 

cognitive development (Piaget, 1965). With advanced technology, youth have a plethora 

of gaming options available to them. One such option is an exergame, which provides a 

modern form of gaming that immerses players into a digital video game environment 

where they use their own hands, feet, and limbs to control on-screen play, allowing for 

active gross motor movement (Höysniemi, 2006). Adolescents often play exergames in 

an enjoyable social setting with live or virtual peers (Höysniemi, 2006), while using

executive function skills including attention, cognitive flexibility, and visual-spatial skills

in order to successfully win the game. Therefore, exergames provide a setting for game 

play in which adolescent players can develop and potentially improve physical, socio-

emotional, and cognitive health.

By requiring physical activity, exergames promote caloric expenditure which can 

battle the rising rate of pediatric obesity. According to social cognitive theory, the

creation of a social gaming experience can increase intrinsic motivation and self-efficacy 

(the belief that one can control events in one’s life; Bandura, 1997) for successful play, 

thereby potentially enhancing socio-emotional processes that aid in healthy development 

throughout adolescence. Physical activity has been shown to benefit not only adolescents’ 

physical and socio-emotional health but also cognition, in particular executive function 

skills (Davis et al., 2007). Cognitive neuroscience reveals that through attention to and 

retention of visual, auditory, and tactile signals, adolescents may enhance attention, 

cognitive flexibility, and visual-spatial skills, already demonstrated in studies of 
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traditional video game play (e.g., Green & Bavelier, 2003). Therefore, exergames may 

also benefit cognitive outcomes.

Adolescence is chosen as the developmental period of interest for this

dissertation, chiefly because adolescence is the socio-emotional transition from childhood 

to adulthood and is a critical period for physical, psychological, and cognitive maturation. 

This period is marked by the departure of adolescents from parental control without the 

experience of daily struggles associated with adulthood (Hendee, 1991). Because of the 

newfound separation from parental dominance, it is also a time that can be characterized 

by confusion, trouble, poor self-esteem, and at times academic difficulties (Hendee, 

1991). These negative physical and socio-emotional experiences may be exacerbated in 

overweight and obese youth, who often face discrimination leading to low self-esteem 

and low self-efficacy (Klaczynski, Goold, & Mudry, 2005). Low-income African 

American adolescents also face increased risk for obesity (Ogden et al., 2010) and

academic challenges (NCES, 2007). Adolescence is of particular interest for physical 

activity and obesity interventions because it follows the onset of puberty, the transition

from childhood where health behavior is monitored by parents and school to adolescence 

when health behavior is also highly influenced by peers and the media (Story, Neumark-

Sztainer, & French, 2002). Therefore, adolescence is a key intervention period to promote 

healthy development and establish positive habits that an adolescent will carry 

throughout adulthood. 

Adolescents are also an interesting age range to study because exergames, and 

video games in general, are played frequently and for long durations of time by 

adolescents (Lenhart, 2008). However, exergame research is in its infancy because 
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exergame prevalence and popularity has not been widespread until the past few years, 

due to recent technological advancements and less expensive consoles and games 

(Höysniemi, 2006). These changes, coupled with the target population of adolescents 

who are still undergoing rapid development, make research into adolescent exergame 

play particularly intriguing. Synthesizing research on traditional sedentary video game 

play with known attributes of exergames provides a starting point for the research into 

potential exergame effects. Examining how exergame play impacts adolescent players’ 

physical, socio-emotional, and cognitive health is an important and timely question.

Potential Theoretical Explanations

Exergame literature adopts multiple theoretical explanations to explore the 

relationship between game play and its effects on adolescent players. This dissertation

employs two theoretical perspectives: social cognitive theory and cognitive neuroscience. 

Because exergame research is minimal at this point, much of the literature in this 

dissertation has been adopted from research on sedentary video games and on physical 

activity in general. Social cognitive theory provides a framework for explicating the 

socio-emotional outcomes involved in the linkage between physical and socio-emotional

aspects of exergame play. Cognitive neuroscience investigates the neural underpinnings 

that explain the cognitive enhancement found in traditional video game play and in 

aerobic activity, which are both present in exergame play. Social cognitive theory and 

cognitive neuroscience can each be used to explain the positive effects of exergame play 

on adolescent development.

Social cognitive theory. In social cognitive theory, behavior, environment, and 

person/cognition are in an ongoing relationship so that each constantly impacts the other 
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via triadic reciprocal causation (Bandura, 1997). Social cognitive theory explains how a 

person uses imitation and cognitive processes to learn from models in the environment 

(Bandura, 1971). A person who performs an action is immersed in an environment 

surrounding that action, and in doing so displays certain behaviors and social and 

cognitive perspectives, including beliefs about self-efficacy (i.e., perceived control of the 

environment and their behaviors). 

Social cognitive theory informs analysis of exergames by connecting physical 

action during exergame play to environmental variables. These include the physical 

setting and social peer networks as well as personal and cognitive variables such as self-

efficacy, motivation, and executive function processes like attention, cognitive flexibility, 

and visual-spatial skills. These three areas of behavior, environment, and 

person/cognition can then converge to produce healthier lifestyle choices by adolescents. 

Research already links components of social cognitive theory, including self-efficacy, 

goal orientation and motivation, and peer support, to positive associations with physical 

activity among adolescents (Van Der Horst et al., 2007).

Self-efficacy is an important correlate of successful physical activity interventions 

for adolescents (Lubans, Foster, & Biddle, 2008), and the importance of self-efficacy is 

evident in exergames such as Wii Active where the virtual trainer regularly uses phrases 

such as “You’re in total control.” An adolescent who feels in control over his or her 

exercise and fitness routine, as well as able to perform sports skills, is more likely to 

continue being physically active in the long-term (Lubans, Foster, & Biddle, 2008). If an 

adolescent has low self-efficacy, conversely, they are less likely to imitate acts, since 

personal beliefs about control affect performance (Calvert, 1999). If an adolescent has 
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low efficacy for exercise and/or for exergame play, then it is not likely that he or she will 

desire to play exergames for any length of time. Therefore, he or she will not reap the 

potential benefits of weight loss, beneficial cognitive effects, or increased motivation. 

Self-esteem and friendship quality may also be impacted by exergame play. 

Exercise is positively linked to self-esteem, and in children this particularly holds true for 

aerobic activity (Scully et al., 1998). Physical self-esteem shows the greatest 

improvement following physical activity, including sub-components of sport competence, 

physical condition, attractive body, and strength (Scully et al., 1998). Friendship

formation is a critical aspect of social, interpersonal environmental factors that sustain 

exercise. Using social cognitive theory, Martin & McCaughtry (2009) found that peer

support was a major route that predicted ongoing sustained physical activity by inner city 

African American youth. Playing against a peer also promotes higher energy expenditure 

in an exergame compared to playing alone, as seen in low-income African American 

adolescents who expended more calories when playing Wii Sports tennis against a peer

than those who played alone (Exner et al., 2009). Social interaction may be particularly 

important for children who suffer from social isolation, including obese children and 

adolescents who are often teased, discriminated against, self-stigmatized, and lack 

friendships (Strauss & Pollack, 2003). 

Cognitive neuroscience. Cognitive neuroscience examines the underlying neural 

factors that are changed during exergame play, due to the cognitive impact of exergames 

as both a video game and a form of aerobic activity. In particular, video game play and 

aerobic activity have been shown to independently enhance executive function skills, 

including planning, abstraction, inhibitory and initiating actions, and attention to and 
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processing of sensory information, all of which create the basis for higher order thinking 

(for video game play, see Green & Bavelier, 2003; for aerobic activity, see Hertzog et al., 

2009).

Exergames contain an aerobic activity component that may improve cognitive 

performance. Research indicates that aerobic activity directly enhances cognitive 

functioning, in particular executive functioning. A meta-analysis revealed that physical 

activity enhanced cognitive performance among adolescents, including improved 

perceptual skills, intelligence quotient, achievement scores, verbal tests, mathematics 

tests, and developmental level/academic readiness (Etnier et al., 2006). Analysis of a

national survey on adolescent health found that increased frequency and duration of 

physical activity during the school day was associated with increased in-class attention 

throughout middle and high school (Exner, 2009). Similarly, a study of one hundred and 

fifteen adolescents performing coordinative exercise showed that after only 10 minutes of 

exercise, the experimental group outperformed the control group on a test of attention and 

concentration (Budde et al., 2008). The authors posited that the cognitive improvement 

was due to the neuronal connection between the cerebellum (which would be involved in 

coordination and balance in the exercise) and the prefrontal cortex (involved in attention 

and concentration). 

Cognitive neuroscientists have explored a multitude of potential pathways for 

how aerobic activity enhances executive function skills. Acute effects of exercise on 

cognition may be due to reduced anxiety, feelings of well-being, or increased speed of 

information processing (Fisher, 2008). For instance, aerobic fitness was positively 

associated with pre-adolescents’ and young adults’ neuroelectric amplitude of attention, 
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working memory, response speed, and cognitive processing speed (Hillman, Castelli, & 

Buck, 2005). Similarly, college students who performed a 30 minute treadmill run 

performed better on a flanker compatibility task, supporting the influence of exercise on 

enhancing neuroelectric activity in executive function processes (Hillman, Snook, & 

Jerome, 2003).

In addition to the aerobic effects of exergames on cognitive outcomes, the 

attributes that make an exergame a video game also point to potential cognitive 

enhancement under the cognitive neuroscience framework. As Calvert (1999) highlights, 

media must maximize both learning and attention so that the material is accessible and 

easily acquired, which seems inherent in exergames. Current research examines the 

cognitive effects of sedentary video game play, with a particular emphasis on action 

video games (i.e., sedentary games that require quick reaction time to overcome 

obstacles, such as fighting games and first-person shooter games). Thus far, exergames 

are notably absent from this literature, likely due to the newness of many of the popular 

games. However, compared to the effects found for sedentary video game play, the 

attributes of exergames that involve the player in an uncertain and unpredictable virtual 

world will likely produce even heightened effects on players’ attention, cognitive 

flexibility, and visual-spatial skills.

Cognitive skills demanded in video game play include organization of visual and 

auditory information, proactive and recursive thinking, means-end analysis, and 

integrating general heuristics, which can improve children’s cognitive skills to transfer to 

other tasks (Lee & Peng, 2006). Indeed video games improve particular aspects of 

attention, cognitive flexibility, and visual-spatial skills, including peripheral processing
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(Green & Bavelier, 2006a), mental rotation skills (Sims & Mayer, 2002), attention 

division (Greenfield, Brannon, & Lohr, 1996), and reaction times (Castel, Pratt, & 

Drummon, 2005). Loftus and Loftus (1983) outlined the many mental abilities needed in 

video game play, including fast reaction times, memorization, and developing strategies 

to win based on the player’s knowledge of his or her own strengths and weaknesses. 

Cognitive neuroscience can be used to uncover the pathways through which 

videogame play produces cognitive benefits. One potential mechanism for the neural 

changes during video game play may be dopamine release (a neurotransmitter involved in 

mood regulation), which has been confirmed by Koepp et al. (1998) during a positron 

emission tomography (PET) scan of middle-aged males playing an action video game. 

The video game involved navigating a tank in order to win a monetary reward. Dopamine 

binding and release was measured by a reduction in radiogland C-labelled raclopride that 

were bound to dopamine receptors. During 50 minutes of video game play, there was an 

increase in the release and binding of dopamine to its receptors, greatest in the ventral 

striatum, and the release positively correlated with performance level during game play. 

Interestingly, the level of dopamine release and binding were similar to that seen in 

intravenous injection of amphetamine (Koepp et al., 1998). These underlying neural 

factors may explain how attention is enhanced so that an observer can produce an 

imitated behavior, thus contributing to social cognitive processes.

Because of the relationship between dopamine and learning, as well as addiction 

and pleasure, there is a potential for dopamine to be a pathway through which learning 

occurs in video game play. The link between dopamine and increased brain plasticity 

with perceptual training has been supported by Bao et al. (2001) in which one group of 
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rats was exposed to a 9 Hz tone coupled with stimulated dopamine neurons while another 

group of rats was only exposed to the 9 Hz tone. The primary auditory cortex dedicated 

to the tone only expanded in the rats that had received stimulated dopamine, providing 

evidence that dopamine was a critical part of perceptual learning. 

Other potential neurochemical mechanisms are acetylcholine and 

norepinephrenine which play a role in reward, arousal and increased cortical plasticity 

(Bao et al., 2001). As suggested by Achtman et al. (2008), increased research into the 

neurochemical underpinnings of learning during action video game play could improve 

understanding of how video game play increases attention and visual skills in players.  

Although there is evidence of enhanced executive function skills including 

attention and visual spatial skills from sedentary video game play, there is not yet 

evidence that these effects hold true for exergame play. However, the amount of 

information that players monitor for successful play of exergames may demonstrate 

similar beneficial effects. Players must observe and monitor their own behavior as well as 

on-screen avatars’ behaviors, whether controlled by themselves, by the video game 

machine, or by real-life players. Exergames such as Wii Sports golf require players to 

consider multiple factors at once, including wind speed, distance, force, and topography, 

while employing quick reaction time and accurate body movements to successfully 

operate the avatar. The cognitive mapping required for games such as Dance Dance 

Revolution, in which players must learn and retain the positioning and patterns of on-

screen arrows and footpad positions, may also enhance executive function skills. More 

research remains to be conducted on the precise neural changes produced from exergame 

play.
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Cooperative versus Competitive Play

Exergame play may produce different effects on adolescent players depending on 

the context of game play. Social interaction is an inherent aspect of exergame play 

(Höysniemi, 2006) and may be one reason why exergame play is popular. Game play 

typically occurs in social settings where players observe friends or family members 

playing (Lenhart, 2008). As described in social cognitive theory, the spectator experience 

is important for a player to both learn to play the game and remain motivated by 

receiving encouragement from observers (Höysniemi, 2006). A survey of mostly 

adolescent Dance Dance Revolution players revealed that most players (75%) observe 

others play in order to improve their own performance, and some (25%) “shadow” other 

players by producing the moves as another player is playing (Höysniemi, 2006). 

Exergames also include virtual peers via on-screen avatars that produce the same 

movements that the player produces or that produce computer-generated movements as 

the player’s opponent, thus adding another layer of social interaction within game play. 

For instance, a virtual trainer on Wii Active tells a player to “Mirror my movements” and 

“Follow me” so that the player does the correct exercise or sport routine. This 

communication between the player and the game may contribute to a higher sense of self-

efficacy, as the player integrates the symbolic models within the exergame into his or her 

own actions in order to win the game.

Social interaction may also increase caloric expenditure. For instance, competing 

against a peer in an exergame increased caloric expenditure more than playing alone in a 

group of healthy and overweight African American adolescents playing Nintendo Wii 
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Sports tennis (Exner et al., 2009). However, potential differential effects of competitive 

versus cooperative exergame play are unknown. 

Competition and cooperation may both promote group cohesion during a game 

play experience, which then promotes adherence to exercise interventions (Estabrooks, 

2000). Yet research demonstrates that cooperation produces superior motor performance, 

social support, and self-esteem compared to competition (Stanne, Johnson, & Johnson, 

1999), particularly when the cooperation also includes intragroup competition such as 

found in typical sports play like basketball (Tauer & Harackiewicz, 2004). Cooperation 

may also elicit positive encouragement from a peer during exergame play, which could 

improve self-efficacy (Bandura, 1997), self-esteem (Höysniemi, 2006), and friendship 

formation (Klaczynski et al., 2005). This may be particularly helpful for overweight or 

obese youth who have low self-efficacy towards physical activity (Storch et al., 2007).

Although cooperative exergame play may be superior for physical and socio-

emotional outcomes, competitive exergame play may promote increased cognitive 

performance. Because one must mentalize the self and other during competitive game 

play, competition requires higher executive function processing compared to cooperation 

(Decety et al., 2004). Males may particularly benefit from competitive exergame play 

compared to females, since males prefer competition more than females do (Ahlgren & 

Johnson, 1979; Gill, 1988), and males participate more often in competitive sports (CDC, 

2010).

Chapter Summary

Exergames provide a setting in which the social cognitive process of learning and 

exhibiting modeled behaviors occurs within a fun “play” setting. In this dissertation, 
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effects of adolescent exergame play are investigated within three developmental domains: 

physical, socio-emotional, and cognitive. First a literature review explores the physical, 

socio-emotional, and cognitive effects of exergame play (Chapter II). Next is an 

investigation of physical and socio-emotional effects of cooperative versus competitive 

exergame play during a 20 week intervention for overweight and obese adolescents 

(Chapter III). Variables of interest include weight loss, self-efficacy, self-esteem, 

friendship quality, and intrinsic motivation. Chapter IV examines the cognitive effects of 

competitive versus cooperative exergame play on executive function improvement, 

including attention, cognitive flexibility, and visual-spatial skills. Chapter V presents 

general conclusions of the effects of exergames that may be particularly important for 

adolescent development, emphasizing the need for future research to explore the effects 

of exergame play on adolescents’ physical, socio-emotional, and cognitive health.
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CHAPTER II: EXERGAMES FOR PHYSICAL EDUCATION COURSES:

PHYSICAL, SOCIAL, AND COGNITIVE BENEFITS

This chapter is being published as: Staiano, A. E., & Calvert, S. L. (in press). 

Exergames for physical education courses: Physical, social, and cognitive benefits. Child 

Development Perspectives.

As obesity rates skyrocket in the United States (McGinnis, Gootman, & Kraak, 

2006), exergames that provide both exercise and gaming have emerged as an innovative 

tool for combating the obesity crisis. Exergames are not only prevalent in homes but are 

also becoming part of students’ physical education classes, such as West Virginia’s state-

wide exergame curriculum (Schiesel, 2007). This article summarizes the literature on 

exergames, with an emphasis on: 1) the development of exergames; 2) the potential of 

exergames to improve students’ physical health, social activity, and academic 

performance, including transfer effects; and 3) the use of exergames in physical 

education courses. Recommendations are made to enhance exergame effectiveness.

Development of Exergames and Integration into Youths’ Environments

Videogame play is nearly universal among 12- to 17-year-olds: 99% of boys and 

94% of girls play videogames (Lenhart, 2008). Videogames are enjoyable and sustainable 

activities with exergames emerging as a profitable market. The Nintendo Wii exergame 

contributed to a 73% increase in Nintendo’s net sales, with 24.5 million consoles and 

148.4 million software units sold to date (Nintendo, 2008), making it the second highest 

top selling videogame in 2007 (ESA, 2009). Dance and rhythm exergames such as Dance 

Dance Revolution (DDR) and sedentary games such as Guitar Hero and Lumines are
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played by 61% of teenagers (Lenhart, 2008). Boys (58%) and girls (64%) and frequent 

gamers and non-gamers play rhythm exergames (Lenhart, 2008).  

The skills that youth acquire during exergame play can transfer to other activities, 

thereby benefiting physical, social, and cognitive development. According to Greenfield 

(1996), a videogame player becomes an onscreen producer of content, a process 

heightened in exergame play when the player uses body movements to control the on-

screen character’s movements. Exergames interpret a player’s bodily movements as 

inputs associated with specific meanings for gameplay, translating movement in 3D space 

onto the 2D screen. Because the player is distanced from the character on the screen, an 

exergame player must utilize visual-spatial skills, hand-eye or foot-eye coordination, and 

quick reaction time to operate and successfully play the game. Moreover, exergame play 

allows multiple players to compete or cooperate on a team, thereby providing both a 

virtual and a real social interaction. These social and cognitive impacts of exergames 

provide additional potential benefits to the physical activity required for game play.

In order for exergames to influence physical development, systems were 

developed to track and respond to players’ gross motor movements. These games first 

emerged in the 1980s as stationary bicycles connected to game consoles that required 

pedaling and steering on a handlebar-mounted gamepad. These games were unsuccessful 

due to high costs and interfaces that were complicated, easily broken, and not engaging.  

In the second-generation exergames of the late 1990s, DDR emerged as the first cost 

effective exergame that produced significant caloric expenditure (Lanningham-Foster et 

al., 2006). Foot operated pads, which were mainly popularized by DDR, made foot 

movement an integral part of a commercially successful game. As foot movement 
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required caloric expenditure, some schools began to use DDR in their physical education 

courses as an engaging way for youth to exercise (Schiesel, 2007).  

Motion sensor technology, an alternative to foot operated pads, uses a camera 

interface or controller device to transfer a player’s image or movement to a screen 

(Lieberman, 2006). A major breakthrough in motion sensor technology was the Nintendo 

Wii, which uses an accelerometer within the Wii remote and a sensor bar to detect 

movement. For example, virtual Wii baseball requires the player to swing a Wii remote 

controller at a symbolic ball thrown by an animated onscreen character, actions which are 

picked up by a sensor bar and then displayed onscreen to represent the player.

Exergames are increasingly used as health tools. Gyms and health clubs, for 

instance, integrate gaming consoles into their equipment, such as Concept II’s rowing 

machine that increases motivation through competition. Virtual personal trainers motivate 

players by monitoring progress on specific activities and by encouraging players to 

proceed to the next level (Lieberman, 2006). In Wii Fit, the virtual trainer admonishes a 

player who stops mid-exercise and congratulates the successful player.

Exergames were initially derived from technological advancement designed to 

make videogames more fun (Parker-Pope, 2005). Exergames can now track full body 

movement in three dimensions, accurately measure reaction time and acceleration, and 

capture the speed and power of a player’s movement. Schools and fitness centers are 

gradually integrating these exergames into their curriculum and equipment. Clearly 

exergames have come of age in the commercial market. However, there are criticisms of 

exergames as not producing health benefits, encouraging screen time that displaces 

exercise, and not producing enough motivation to sustain exercise for a long period of 
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time (Lyons, 2009). There is also little evidence of weight loss from exergame play 

(Maloney et al., 2008; Mhurchu et al., 2008), and certain cognitive skills such as 

reflection and imagination are better developed by reading than by gaming (Greenfield, 

2009). How well do exergames meet the physical, social, and cognitive needs of young 

players? 

Physical Outcomes

Exergames can provide direct physical benefits for youth, as well as transfer of 

athletic skills to other activities. This development comes at a time when obesity has 

reached epidemic proportions in the United States, where pediatric obesity rates doubled 

over the past 30 years (McGinnis et al, 2006), in part due to insufficient physical activity. 

Only 35.8 percent of adolescents met the 2005 U.S. Dietary Guidelines for physical 

activity (Eaton et al., 2006). By contrast, 50% of teen gamers play videogames more than 

1 hour a day (Lenhart, 2008). Transforming sedentary videogame play into active 

exergame play could increase caloric expenditure and improve coordination and athletic 

skills, thereby combating obesity.

Caloric expenditure and heart rate increases. Playing exergames can yield light 

to moderate energy expenditure similar to walking, skipping, and jogging. Preadolecent 

and adolescent youth (n = 21) increased energy expenditure 129% to 400% from baseline 

while playing Sony EyeToy games (Maddison et al., 2007). Similarly, 12 college-aged 

students who played Wii Sports games expended energy comparable to walking at 3.0 

miles per hour (Bausch et al., 2008). Although participants who played EyeToy Groove 

expended enough energy to meet requirements for moderate exertion, energy expenditure 

came in short bursts followed by a sizable break (Luke, 2005). Although energy bursts 
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are useful in exercise, maximum physical fitness requires playing exergames that demand 

sustained moderate to vigorous exercise. 

Exergame play doubled energy expenditure when compared to sedentary screen 

time for 25 8- to 12-year-old children who played EyeToy and DDR (Lanningham-Foster

et al., 2006), and 11 adolescent athletes expended more calories when playing Nintendo 

Wii than when playing a sedentary videogame (Graves et al., 2007). Low-income 

African American adolescents (n = 74) who played Wii tennis expended more calories 

than a control group that was working on a computer activity, particularly when they 

competed against a peer rather than a virtual character (Exner et al., 2009). 

Exergame play also increases heart rate, a facet of aerobic activity needed for 

physical fitness (Unnithan, Houser, & Fernhall, 2006). DDR play doubled 35 

adolescents’ resting level heart rates during a 45-minute period (Hindery, 2005). Playing

at the medium level of DDR intensity met standards for cardio-respiratory fitness in an 

active and fit sample of 40 young adults (Tan et al., 2002). DDR play also increases heart 

rate for less fit participants. Twenty-two overweight and normal weight adolescents who 

played DDR increased their heart rates enough for cardio-respiratory fitness, even at the 

lowest level of gameplay (Unnithan, Houser, & Fernhall, 2006).

Frequent exergame play can contribute to fitness and weight management over 

time (Unnithan et al., 2006). Anecdotal reports from players suggest weight loss, 

sometimes as much as 150 pounds, with frequent sustained DDR play (Hindery, 2005). 

Regular EyeToy play also increased 20 children’s total physical activity in sports and

exercise, a transfer effect (Mhurchu et al., 2008).



18

Exergame play improved attendance in activity training for 14 college males 

playing the GameBike exergame (Warburton et al., 2007), suggesting that exergames are

engaging and fun. Indeed exergame play is often more engaging than sedentary 

gameplay. Exergames seem particularly well-suited for overweight adolescents, as 

energy expenditure is higher during DDR play for overweight than normal weight

children (Unnithan et al., 2006) as well as for heavier adolescents who play Wii tennis 

(Exner et al., 2009).

Coordination. Videogame skills can transfer to real-world situations. Fery and 

Ponserre (2002) found that 62 male college students who learned to putt a golf ball from 

playing a golf exergame transferred the skill best when players concentrated on a certain 

goal, such as putting a virtual golf ball into an on-screen virtual hole.

Because many exergames such as DDR or Wii tennis require rapid hand-eye or 

foot-eye coordination, exergames may improve general coordination skills. However, the 

majority of research on coordination benefits involves videogame, not exergame play, by 

elderly people. Videogame play increased perceptual-motor skills including hand-eye 

coordination, dexterity, and fine motor ability (Drew & Waters, 1986). At present there is 

no exergame research on this topic.  

Socio-Emotional Outcomes

Gaming is primarily a social experience for teenagers. Seventy-six percent of 

teenagers play games against others at least occasionally, and 65% of teen gamers play 

against other people in the same room (Lenhart, 2008). Because videogame play, 

including exergame play, often occurs with peers, opportunities for social interaction may 

influence friendship selection, self-esteem, moods, and motivation. 
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Social interaction. Leisure activities, including exergames, can foster friendships

among players, thereby reducing the risk of social isolation and loneliness (Mueller, 

Agamanolis, & Picard, 2003). DDR not only provides social interaction during actual 

gameplay, but a DDR culture formed due to the popularity of face-to-face or online 

tournaments, message boards, and chat rooms (Lieberman, 2006). When asked why they 

played DDR, young adults ranked having fun as first, followed by social interaction, 

working out, dancing, meeting other people who play DDR, enjoying the game’s 

challenge, and seeking admiration for their DDR skills (Lieberman, 2006). Young adults 

who ranked staying fit as a top reason for playing reported the most enjoyment and 

developed more friendships via DDR than other players. This preference for social 

interaction is also seen in preadolescent children’s preference for multi-player and group 

gameplay over solitary exercise, as when 27 9- to 12-year-olds consistently chose a dance 

exergame (Paw et al., 2008).  

Self-esteem. Adolescents report that teasing and criticism by peers and teachers 

are barriers to physical activity (O’Dea, 2003). Because exergame play allows youth to 

take their eyes off their peers and direct their attention towards a screen, gameplay may 

reduce body self-consciousness during physical activity. Indeed, 35 overweight 

preadolescent children who frequently played DDR had increased self-esteem and lower 

amounts of self-consciousness (Brubaker, 2006).  

Mood. Exercise improves moods (Plante, Coscarelli, & Ford, 2001). Exergame 

play that provides physical activity may produce similar benefits. Among 168 college 

students, exercise groups who played an exergame or who used a regular cycle ergometer 

maintained higher positive moods for 10 minutes after exercise was completed than did a 
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control group who played the videogame without exercise (Russell & Newton, 2008).

This improved mood during exergaming may transfer to other exercise activities. For 

instance, children and adolescents enjoyed and sustained exercise more after they began 

using exergames (Lieberman, 2006).

Motivation.  Videogames are intrinsically motivating, responding to a player’s 

actions and challenging them at multiple levels of expertise (Malone, 1981). These 

qualities may explain why many youth choose videogame play over traditional exercise 

(Parker, 2007). Factors associated with videogame enjoyment are often found in 

exergame play, including perceptions that a game is interesting, energizing, visually 

appealing, interactive, challenging, and rewarding (Baranowski et al., 2008).  

Exergame play may also motivate other physical activities. Fourteen 

preadolescent children who chose between riding a stationary bike to gain access to 

entertainment media (TV, VCR, or videogame) versus doing a sedentary activity (reading 

or drawing) preferred to work out (Saelens & Epstein, 1998). Similarly, 34 obese 

preadolescent children who obtained points on a pedometer engaged in physical activity 

to use media (Goldfield et al., 2000). 

Cognitive and Academic Outcomes

The limited available research suggests that exergame play could enhance 

academic performance and that skills might transfer to other cognitive activities. In 

particular, exergames develop spatial awareness, attention, and understanding of cause-

effect relationships, as well as teach a player to manipulate a tool (a controller), respond 

to visual feedback, plan actions, understand spatial constraints, and create a cognitive 

map of one’s bodily movements in relation to gameplay (Höysniemi, 2006).  
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Exergame play may also directly improve cognitive functioning, in particular 

executive control skills, by providing aerobic activity (Hertzog et al., 2009). A meta-

analysis of aerobic activity interventions found cognitive and executive functioning 

benefits in elderly samples; the morphology and function of brain structures in humans 

and animals are also affected by aerobic exercise, potentially due to enhanced 

cardiorespiratory functioning, decreased risk for disease, and enriched environments that 

promote healthy structural, molecular, and neurochemical changes (Hertzog et al., 2009). 

A meta-analysis documented that physical activity enhanced cognitive performance 

among adolescents, including improved perceptual skills, intelligence quotient, 

achievement scores, verbal tests, mathematics tests, and developmental level/academic 

readiness (Etnier et al., 2006). These improvements are predicted to occur because 

aerobic fitness leads to physiological changes that positively impact cognitive 

performance via increased cerebral circulation, increased neurotransmitter availability, 

and enhanced physiological and neurological mechanisms that occur during physical 

activity (Etnier et al., 2006).

Attention. Bouts of high levels of aerobic activity that happen during exergame 

play could also improve cognitive control of attention, which could improve cognitive 

functioning (Hillman et al., 2009a). Sedentary videogame play improves general attention 

capacities by requiring players to monitor a number of tasks for success. Compared to 

non-gamers, young adult male videogame players had higher processing and visual 

attention capacity, increased task-switching ability, and enhanced ability to process 

information over time (Green & Bavelier, 2003). Moreover, training non-gamers on an 

action game for 10 days increased the participants’ visual attention capacity (Green & 
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Bavelier, 2003). Although there is no current research on attention and exergame play, 

the amount of information that players monitor for successful play of DDR, Nintendo 

Wii, and other exergames could also enhance attention during gameplay and transfer to 

other tasks.

Visual-spatial skills. Sedentary videogame play improves visual-spatial skills 

including spatial relations, visualization, perceptual speed, and three-dimensional rotation 

skills (Subrahmanyam & Greenfield, 1996). For instance, a brief videogame intervention 

improved spatial skills among 61 fifth-grade students who initially had lower spatial 

skills (Subrahmanyam & Greenfield, 1996). The cognitive mapping required for games 

such as DDR, in which players must learn and retain the positioning and patterns of on-

screen arrows and footpad positions, may also enhance visual-spatial skills.

Academic performance. Because videogames are engaging, motivating, and 

provide repeated practices and rewards (Höysniemi, 2006), gaming could improve 

academic performance. Specifically, videogames improve cognitive outcomes that are 

beneficial for academic success, including problem-solving, hypothesis testing, 

estimation, pattern recognition, memory, and judgment (Sheff, 1994). Indeed, 120 third-

and fourth-grade students who played a dance-pad game demonstrated improved 

academic performance and social success (Shasek, 2004).  

Exergames for Physical Education Courses

Physical education courses are a promising venue for youth to play exergames 

(Yang, Smith, & Graham, 2008). Digital games are already used in academic settings: 

34% of teenagers report playing a computer or console game at school for an assignment 

(Lenhart, 2008). Throughout the U.S., exergames like DDR are being incorporated into 
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physical education classes, recesses, lunchtimes, and after school programs, and these 

games received positive feedback from students, parents, and teachers (Hindery, 2005).

Some students lost 5 to 10 pounds following daily DDR gameplay after 20 West Virginia 

schools implemented DDR into physical education classes (Barker, 2005). West Virginia 

now uses DDR in their physical education curriculum in all 765 public schools 

(Lieberman, 2006). Even one gaming unit per classroom can benefit an entire class, 

where students perform the footwork on dance pads whether or not they are connected to 

the console (Lieberman, 2006).  

When the In the Groove dance-pad game was used in third and fourth grade 

classrooms, highly “at-risk” students were appointed as “Groove Masters” to mentor 

other students (Chamberlin & Gallagher, 2008). Absenteeism dropped by over 50 

percent, 85% of mentors developed better social skills, and 94% of these students showed 

increased leadership skills, self-esteem, and enhanced academic performance. Moreover, 

the fourth grade students improved their performance on a mile run by 13.8%, and 

students’ enthusiasm towards sports, fitness, and dance increased.  

Exergames offer activity opportunities for youth who live in dangerous 

neighborhoods with limited space. Although the initial cost of exergames may be a 

barrier to cash-strapped fitness programs, the cost is comparable to exercise equipment 

like stationary bicycles or rowing machines (Yang et al., 2008). In the Groove or a 2-

person DDR setup costs less than $200 and requires little space (Chamberlin & 

Gallagher, 2008). Current exergames include varied sports activities such as bicycling, 

dancing, aerobics, kick-boxing, and martial arts (Lieberman, 2006). Many low-income 

youth have videogame systems (Roberts, Foehr, & Rideout, 2005). Whether or not 
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exergames are a good investment for school systems depends on whether exergames area 

a sustainable physical activity over time. 

To maximize effectiveness in school settings, exergames could integrate 

physiological measures (Smith, 2005). A physical education course could adopt the 

following exergame routine to optimize health: a warm-up period of 5 to 10 minutes of 

low intensity exercise, 20 minutes at 77% to 90% of maximal heart rate, and a cool-down 

period of 5 minutes of low intensity exercise to return heart rate to resting levels, 

performed at least three days per week (Sinclair, Hingston, & Masek, 2007).  Such a 

routine could be taught in school P.E. classes and exported to children’s homes.

To sustain interest, Sweetser and Wyeth (2005) suggest that exergames require 

concentration, challenge, skill development, deep but effortless immersion, and 

opportunities for social interaction. Games should include appropriate feedback and clear 

goals. Incorporating interactivity, behavior change goals, and first person control make 

videogames effective health behavior promoters (Baranowski et al., 2008). Incorporating 

these elements into exergames could provide similar benefits.  

Conclusion

Current research, though limited, links exergame play to weight management, 

physical and mental fitness, and improved health. Exergames are enjoyable tools that 

increase energy expenditure during play, motivate players to become more physically 

active, promote social interaction, and may enhance cognitive performance. Incorporating 

exergames into schools, health clubs, and homes can promote healthy youth development 

and combat the childhood obesity crisis. Indeed, playing an exergame for one’s 
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homework could prove to be one of the most popular, engaging, and health-promoting 

assignments of the 21st century. 
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CHAPTER III: ADOLESCENT EXERGAME PLAY FOR WEIGHT LOSS,

SELF-EFFICACY IMPROVEMENT, AND FRIENDSHIP DEVELOPMENT:

A RANDOMIZED PHYSICAL ACTIVITY INTERVENTION

This chapter has been submitted for publication as: Staiano, A. E., Abraham, A. 

A., & Calvert, S. L. Adolescent exergame play for weight loss, self-efficacy 

improvement, and friendship development: A randomized physical activity intervention. 

Journal of Diabetes, Science, and Technology. See Appendix A for supplemental figures.

See Appendix B for supplemental analyses.

Pediatric obesity rates in the United States tripled in the past three decades, 

leading to health risks among young people such as type II diabetes and the metabolic 

syndrome (Koplan, Liverman, & Kraak, 2005). Weight loss is promoted through regular 

exercise (Koplan et al., 2005), yet only 35.8 percent of adolescents are active 60 minutes 

or more per day, with females less active than males and African American youth less 

active than Caucasian youth (Eaton et al., 2005).

Exergames, which are video games that require gross motor movement to play

(Staiano & Calvert, in press), provide light to moderate energy expenditure (Exner et al., 

2009). For Nintendo Wii exergames, adolescents’ energy expenditure exceeded that of 

playing sedentary video games (Graves et al., 2007), and adolescents reached heart rate 

and energy expenditure levels comparable to moderate intensity walking (Bausch et al., 

2008; Graf et al., 2009). Even at the lowest challenge levels of the exergame Dance 

Dance Revolution, overweight adolescents increased heart rates to levels of cardio-

respiratory fitness (Unnithan, Houser, & Fernhall, 2006). Although energy expenditure 

has been documented (Staiano & Calvert, in press), no one has demonstrated if or how 
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weight loss from exergame play can occur. Weight loss in cooperative versus competitive 

exergame situations is our focus here. 

Exergames are often played against peers (Lieberman, 2006), and the social 

interaction during game play may increase caloric expenditure, sustainability of play, and 

likelihood of weight loss. For instance, studies have shown that low-income African 

American adolescents expended more calories playing Nintendo Wii Sports against a 

partner than adolescents who played alone (Exner et al., 2009). Social competition and 

cooperation during game play may promote interactivity and increase player enjoyment, 

contributing to group identity and cohesion (Vorderer et al., 2003). Group cohesion, in 

turn, promotes adherence to exercise interventions (Estabrooks, 2000), as demonstrated 

in pre-adolescents who chose a multi-player dance exergame over traditional solitary 

physical activities (Paw et al., 2008).

Compared to competition, cooperation produces beneficial motor performance, 

social support, and self-esteem (Stanne et al., 1999). Cooperative play involves both 

group cohesion and competition against other teams, as found in typical sports where 

members of the same team encourage each other to achieve a common goal (Carron, 

Bray, & Eys, 2002). A combination of cooperation and intergroup competition while 

playing basketball consistently produces higher levels of intrinsic motivation and 

performance (Tauer & Harackiewicz, 2004). Intrinsic motivation and group cohesion in 

digital game play might particularly appeal to obese youth who rarely engage in 

traditional sports activity due to criticism about their weight (Faith et al., 2002). 

The potential for exergame play to reduce weight may also depend on individual 

factors, including self-efficacy (i.e., one’s belief in controlling life events such as 



28

exercising for weight loss; Bandura, 1997), self-esteem, and friendship quality. 

Overweight and obese adolescents, however, often face stigmatization from peers, which 

can impede their likelihood of physical activity (Puhl & Latner, 2007; Storch et al., 

2007). Exergame play might address these deficits by producing positive socio-emotional 

effects. For instance, overweight preadolescent children who frequently played the 

exergame Dance Dance Revolution reported increased self-esteem (Höysniemi, 2006). 

The Nintendo Wii Active uses auditory recordings such as “You’re in total control” to 

boost players’ self-efficacy, and exergames provide a scaffolding experience designed to 

help players gradually improve skills over time (Klimmt & Hartmann, 2006). 

Being involved in a physical activity intervention with peers may also increase 

friendship quality. Leisure activities promote friendships among youth, which can combat 

overweight and obese adolescents’ feelings of loneliness (Klaczynski, et al., 2005). The 

enjoyment from playing with peers, combined with playing an activity that increases self-

satisfaction and self-worth (Bandura, 1997), may foster intrinsic motivation to play 

regularly. 

Males may benefit from an exergame physical activity intervention more than 

females, as males typically expend more calories during exergame play (Exner et al., 

2009; Graves et al., 2007). However, male and female adolescents are equally likely to 

play exergames (Lenhart, 2008), and female adolescents reported enjoying Nintendo Wii 

exergames more than males did (Exner et al., 2009). Thus any sex differences in 

exergame effectiveness for weight loss are unclear.

The present study investigated the effects of an exergame intervention in 

overweight and obese youth. We predicted that:
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H1: Playing exergames over time would result in increased weight loss compared 

to the control group.

H2: Males and adolescents with higher initial levels of self-efficacy, self-esteem, 

and friendship quality would lose the most weight.

H3: Youth who played exergames over time, particularly in the cooperative 

condition, would increase in self-efficacy, self-esteem, and friendship quality.

H4: Both male and female adolescents who played exergames, particularly in the 

cooperative condition, would be intrinsically motivated to play.

Methods

Participants

Seventy-four 15- to 19-year-old low-income African American adolescents from 

an urban public high school enrolled in this study. Participants were recruited via word of 

mouth and referral from the school-based wellness clinic. Participant attrition occurred 

for twenty participants before two data points were collected. 

The remaining fifty-four participants (55.6% female) who had data for at least 

two time points (73.0%) were our sample. Forty of these students remained in the study 

at time 3 (54.1%). As seen in Table 1, mean participant BMI percentile at baseline for 

these 54 students was 94.67 (SD = 5.99), with 49 students considered overweight or 

obese (BMI percentile above 85) and 37 considered obese (BMI percentile above 95). 

The Georgetown University Institutional Review Board approved this study (2007-482). 

Informed assent and consent were obtained from participants and their parents/guardians.

Extensive efforts, including school flyers, announcements, and communication 

from research assistants (phone calls, texts, emails), were made to encourage program 
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attendance. Rewards, including movie gift certificates, cash gift cards, and healthy 

snacks, were also given for attendance. 

Nintendo Wii Active Exergame

The Wii Active game (Nintendo of America Inc, Redmond, Washington) is a 

fitness video game involving gross motor movement. Players use remote control devices 

(a WiiMote and nunchuck) held in the hand or placed in a leg strap to communicate body 

movements with a sensor bar beside the video screen and a resistance band for leg and 

arm exercises. Gaming sessions consist of cardio (e.g., walking, running, dancing), upper 

and lower body strength training (e.g. standing twists, side to side jumps), and sports 

games (e.g., basketball, baseball, tennis). Players can compete against each other or 

cooperate in a team dyad to earn points and expend calories, which are tracked by the Wii

console and displayed during game play.

Measures

Weight and BMI percentile. Pediatricians and nurse practitioners measured 

participant height (without shoes) and weight (clothed, without shoes) in a private space 

at the school-based wellness clinic. BMI percentile was calculated from age- and sex-

specific growth reference charts for 2- to 20-year-olds, which define a percentile between 

85% and 95% as overweight and over 95% as obese (Kuczmarski et al., 2000). 

Self-efficacy. Self-efficacy was measured with the Exercise Confidence Survey

(Sallis et al., 1988), a 12-item self-report survey with items based on a 5-point Likert 

scale. Items measure confidence to exercise given specific obstacles, such as “Exercise 

even though you are feeling depressed.” Cronbach’s alpha (α) for internal consistency of 

the survey is .83 and test-retest reliability is .68 (Sallis et al., 1988).
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Self-esteem. The Rosenberg Self-Esteem scale is a self-report measure assessing 

global self-esteem, self-worth, and self-acceptance (Rosenberg, 1979). The 10-item 

survey uses a 4-point Likert scale for items such as “On the whole, I am satisfied with 

myself.” Lower scores indicate higher self-esteem. The survey has internal consistency of 

.92 and test-retest reliability of .85 and .88 (Rosenberg, 1979).  

Friendship quality. The Friendship Quality Questionnaire (Bukowski, Hoza, & 

Boivin, 1994) is a 21-item self-report survey in which the participant answers questions 

about his or her best friend related to companionship, conflict, help/aid, security, and 

closeness, on a 5-point Likert scale. A sample item is “My friend would help me if I 

needed it.” The survey is internally consistent, with α ranging from 0.71 to 0.86, and 

adequate criterion validity across sub-scales (Bukowski et al., 1994).

Intrinsic motivation. The Intrinsic Motivation Inventory (McAuley, Duncan, & 

Tammen, 1987), typically used in competitive sports experiences, is a self-report survey 

with 11 items on a 7-point Likert scale, measuring interest/enjoyment, perceived 

competence, effort/importance, and value/usefulness of doing an activity, in this case Wii 

Active play. Internal consistency among subscales is α = .85 (McAuley et al., 1987).

Attendance during a two day sustainability period in which all participants could play the 

exergame without any external incentives was another measure of motivation.

Inter-coder reliability. Two research assistants coded the socio-emotional tests; a 

random sample of 30% of the tests was double coded by a third research assistant. Inter-

rater reliability for all three time points ranged from α = .992 to 1.000 for self-efficacy, 

α = .937 to .950 for self-esteem, and α = .958 to .981 for friendship quality. For intrinsic 

motivation at two time points, α = 1.000.
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Treatment Conditions and Procedure

Participants were randomly assigned by sex to competitive exergame, cooperative 

exergame, or control conditions. All participants were tested for physical and socio-

emotional outcomes at baseline (time 1), time 2 (M = 68.89 days, SD = 45.96), and time 3 

(M = 134.60 days, SD = 48.28).

Participants in exergame conditions could play the Nintendo Wii Active exergame 

every school day during the lunch period or after school for 30 to 60 minutes daily, for up 

to a seven-month period. The cooperative and competitive groups met in separate 

classrooms, each led by an adult coordinator. Both classrooms contained 10 Wii stations. 

Each station had a video monitor connected to a Wii console, two WiiMotes, two 

nunchucks, and two resistance bands. 

Participants played with one peer in each gaming session. The pair structure 

varied over time. When an odd number of students attended, the adult coordinator played 

with a participant. Youth in the competitive condition were instructed to compete against 

their opponent to earn the most points and expend the most calories. Youth in the 

cooperative condition were instructed to cooperate with their partner to earn the most 

points and expend the most calories as a team.  

Each gaming session consisted of a routine of cardio, upper and lower body 

strength training, and sports games. Routines were pre-determined and varied on a daily 

basis, gradually increasing in difficulty throughout the program. Music played during the 

workouts. Exergame participants were tracked daily for individual progress (competitive 

condition) and daily dyad progress (cooperative condition) by earning points and 

expending calories, which were continuously reported by the Wii console as the 
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participants played. The adult coordinators announced the daily and weekly winners 

based on caloric expenditure, noting the individual winner in the competitive group and 

the team winner in the cooperative group. Winners’ names were displayed in the 

classroom where the exergames were played.

Results

Data Analysis Overview

To examine change over time, we employed growth curve modeling to create 

individual growth curve trajectories of adolescent physical and socio-emotional change 

during the exergame intervention. Growth curve analysis allows participants with 

variable time intervals and only two time measurements to be retained in full analysis. 

For each dependent variable, the first series of individual growth curve analyses 

examined differences between cooperative and competitive conditions versus the control 

condition. The second series examined differences between cooperative and control 

conditions versus the competitive condition. 

Weight Change

Weight change over three time points (baseline, time 2, and time 3) was examined 

with a series of growth curve models using condition and socio-emotional variables as 

independent variables. Table 2a presents the series of models comparing each treatment 

condition to the control condition. Table 2b presents the series of models comparing the 

cooperative and control condition to the competitive condition. For each series, the first 

model included the condition variables. Additional models sequentially added self-

efficacy, self-esteem, friendship quality, and sex, including both baseline measure and an 

interaction of time by baseline measure to examine change over time. As depicted in 
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Tables 2a and 2b, Model 5 was the best fitting model according to the Akaike’s 

information criterion (AIC), in which the lowest value indicates the preferred model. This 

full model includes condition, baseline self-efficacy, baseline self-esteem, baseline 

friendship quality, and sex. Table 3 presents means for all dependent variables over time.

Condition effects. As indicated in Model 5, the cooperative condition lost more 

weight than the control group did (t = -2.399, p = .021). There were no significant 

differences between the cooperative and competitive conditions (t = 2.606, p = .114), or 

between the competitive and control conditions (t = -0.970, p = .338). Participants in the 

cooperative condition decreased weight by 1.65 kg (SD = 4.52) between times 1 and 3, 

whereas the competitive condition gained 0.04 kg (SD = 3.46) and the control group 

gained 0.86 kg (SD = 3.01). 

Self-efficacy. Model 5 revealed no effect of baseline self-efficacy on weight,         

t = 0.803, p = .426. Initial self-efficacy did not affect weight change over time, 

t = 1.296, p = .202. 

Self-esteem. In Model 5, the estimated coefficient for baseline self-esteem was 

marginally significant, t = 1.851, p = .070: those with higher initial self-esteem tended to 

weigh less than those with lower self-esteem. However, the time by self-esteem 

interaction was not significant, t = 1.552, p = .128, indicating that those with higher self-

esteem did not lose more weight over time.

Friendship quality. Baseline friendship quality had no effect on weight, 

t = -0.177, p = .860. The estimated coefficient for time by friendship quality in Model 5 

was marginally significant, t = -1.735, p = .091: those who had higher friendship quality 

at baseline tended to lose more weight over time. 
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Sex differences. Although males weighed more than females did in Model 5,            

t = 3.074, p = .003, the time by sex interaction was not significant, t = -1.493, 

p = .142, indicating that males and females did not differ in weight loss over time.

Change in Socio-Emotional Factors

To determine change in socio-emotional factors due to the exergame intervention, 

growth curve analyses were conducted using self-efficacy, self-esteem, and friendship 

quality scores, in turn, at three time points during the treatment program. The growth 

curve analysis of self-esteem change revealed no condition effects.

The growth curve analysis revealed that the cooperative condition increased in 

self-efficacy significantly more than the control group, t = 2.988, p = .005, and the 

competitive condition increased in self-efficacy marginally more than the control group, 

t = 1.792, p = .083. There was no difference between the competitive and cooperative 

groups, t = 1.408, p = .172. See Tables 3 and 4.

The growth curve analysis revealed that the cooperative condition increased more 

in friendship quality than the control group, t = 2.757, p = .010, and the competitive 

condition increased more in friendship quality than the control group, t = 3.663, p = .001. 

There were no differences between the cooperative and competitive conditions, 

t = -0.856, p = .404. See Tables 3 and 5.

Intrinsic Motivation

A 2 (sex) x 3 (condition) ANOVA with time 2 intrinsic motivation scores to play 

the Wii exergame as the dependent variable yielded a significant main effect of condition, 

F(1,25) = 6.33, p = .019, but no sex differences. At time 2, the cooperative group (M = 

57.47, SD = 7.72) reported higher intrinsic motivation to play Wii Active than the 
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competitive group (M = 49.33, SD = 12.49). At time 3, there were no significant effects. 

During the two-day sustainability period, 47.06% of exergame players and 41.67% of the 

control condition attended the program (based on the 40 study participants at time 3).

Discussion

The purpose of this study was to examine the role of cooperative versus 

competitive exergame play on weight loss in overweight and obese adolescents. As 

expected, cooperative exergame play produced weight loss when compared to the control 

group, who actually gained weight over time. Contrary to prediction, however, the 

competitive exergamers did not lose weight.

Differences favoring the cooperative over the competitive condition are consistent 

with other findings in the literature. Compared to competition, cooperation produces 

superior speed, quality, and accuracy of performance in a variety of sports (Stanne et al., 

1999; Johnson & Johnson, 1985). Cooperation also fosters a team bond (Carron et al., 

2002) that may help obese adolescents persist in a physically demanding task such as 

exergame play. In contrast, the competitive condition required participants to compete 

individually, which may have been too challenging and not rewarding enough for 

overweight and obese adolescents. 

As expected, adolescents who lost weight were also more likely to have high 

initial levels of friendship quality. Moreover, exergame play increased friendship quality 

and self-efficacy over time. Because initial friendship quality was linked to weight loss, 

the additional increase in friendship quality for exergame players, particularly in the 

cooperative group, may promote group cohesion and provide social reinforcers that help 

sustain exergame play and produce weight loss (Carron et al., 2002; Tauer & 
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Harackiewicz, 2004). The increase in exergame players’ self-efficacy is also promising 

for future physical activity, as self-efficacy generally predicts exercise adherence (Lubans 

et al., 2008; Biddle et al., 2005). 

Contrary to predictions, however, there was no relationship between initial levels 

of self-efficacy or self-esteem and weight loss, nor were there sex differences in weight 

loss or interest in gaming. Higher self-esteem was a predictor for lower weight, 

supporting the previous inverse relationship found between self-esteem and adolescent 

weight (Scully et al., 1998).

The lack of sex differences in weight loss or gaming interest is actually 

encouraging. Intrinsic motivators to play sports are often low for females during 

adolescence, which can create an energy imbalance (Slater & Tiggemann, 2010). Females 

often cease playing sports during adolescence, citing loss of interest, lack of competence, 

not having enough time, and concern over personal appearance when playing 

stereotypical masculine sports (Slater & Tiggemann, 2010). Exergames, however, 

appealed to both sexes by including a variety of sports, toning, and aerobic activities, and 

the exergame program gradually challenged players to increase efforts to succeed in 

game play.  

One limitation was the relatively high participant attrition rate, a common 

problem in physical activity interventions (Summerbell et al., 2005). Nonetheless, 73% of 

participants remained for approximately 10 weeks and 54% remained for approximately 

20 weeks, demonstrating beneficial physical and socio-emotional changes for exergame 

players who remained in the study. Efforts were made to retain participants, but high 

levels of reported motivation, particularly by the cooperative condition, indicate that 
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exergame play per se also sustained their interest. Moreover, of the 40 participants 

retained in data analysis at Time 3, 47.06% of exergame participants and 41.67% of 

control participants played during the sustainability period without any external 

motivators.

In conclusion, exergames, especially when played cooperatively, produce weight 

loss, promote friendship quality, improve self-efficacy, and increase motivation to sustain

exergame play in overweight and obese adolescents. Exergames, then, are a promising 

21st century media tool to help combat obesity among teens as well as the associated 

medical problems, such as type II diabetes. 
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Table 1.

Baseline characteristics and sex distribution of study participants.

Males
(n = 24)

Females
(n = 30)

Total
(n = 54)

Weight (kg) 105.01 (22.15) 87.35 (18.86) 95.20 (22.05)

BMI Percentile 96.08 (6.04) 93.53 (5.81) 94.67 (5.99)

Number Overweight 0 (0%) 12 (40%) 12 (22.22%)

Number Obese 22 (91.67%) 15 (50%) 37 (68.52%)

Note. Mean values with their standard errors or numbers and percentages.
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Table 2a.

Estimates of fixed effects from individual growth curve analyses of weight change (kg) during exergame 
intervention comparing treatment conditions to control condition.

Model 1:
Condition

Model 2:
Self Efficacy

Model 3:
Self Esteem

Model 4:
Friendship

Model 5:
Sex

Intercept   B
SE

95.28
5.47

** 88.81
10.44

** 62.42
16.16

** 76.53
22.60

** 61.41
21.42

**

Time (in weeks)          B
SE

0.06
0.05

-0.03
0.09

-0.25
0.14

† -0.01
0.03

0.00
0.19

Cooperative B
SE

-1.42
7.42

-1.55
7.39

-1.63
7.11

-1.37
7.06

-3.25
6.55

Cooperative x Time B
SE

-0.15
0.07

* -0.16
0.07

* -0.17
0.07

* -0.02
0.01

* -0.15
0.06

*

Competitive B
SE

0.85
7.42

1.02
7.39

-0.23
7.13

-0.97
7.13

-1.89
6.59

Competitive x Time B
SE

-0.04
0.07

-0.04
0.06

-0.06
0.06

-0.01
0.01

-0.06
0.06

Baseline Self Efficacy B
SE

0.17
0.24

0.16
0.23

0.20
0.23

0.17
0.21

Baseline Self Efficacy x Time B
SE

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

Baseline Self Esteem B
SE

1.19
0.57

* 1.01
0.60

† 1.03
0.00

†

Baseline Self Esteem x Time B
SE

0.01
0.00

† 0.01
0.01

0.01
0.00

Baseline Friendship B
SE

-0.16
0.19

-0.03
0.18

Baseline Friendship x Time B
SE

-0.00
0.00

-0.01
0.00

†

Male B
SE

16.78
5.46

*

Male x Time B
SE

-0.08
0.05

Akaike’s information criterion 917.7 919.9 916.3 917.9 910.7

Note. ** p < .01.  * p < .05.  † p < .10. Cooperative Exergame = 1 for the cooperative exergame participants, 
Competitive Exergame = 1 for the competitive exergame participants, and Control = 0 for the control participants. 
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Table 2b.

Estimates of fixed effects from individual growth curve analyses of weight change (kg) during exergame 
intervention comparing cooperative and control to competitive condition.

Model 1:
Condition

Model 2:
Self Efficacy

Model 3:
Self Esteem

Model 4:
Friendship

Model 5:
Sex

Intercept   B
SE

96.13
5.02

* 89.84
10.00

** 62.19
16.39

** 75.56
22.20

** 59.51
21.14

**

Time (in weeks)          B
SE

0.02
0.04

-0.07
0.09

-0.30
0.14

* -0.14
0.18

-0.05
0.19

Cooperative B
SE

-2.27
0.04

-2.57
7.07

-1.39
6.83

-0.40
6.87

-1.36
6.35

Cooperative x Time B
SE

-0.11
0.06

† -0.12
0.06

† -0.12
0.06

† -0.10
0.06

† -0.10
0.06

Control B
SE

-0.85
7.42

-1.02
7.39

0.23
7.13

0.97
7.13

1.89
6.59

Control x Time B
SE

0.04
0.07

0.04
0.06

0.06
0.06      

0.06
0.06

0.06
0.06

Baseline Self Efficacy B
SE

0.17
0.24

0.16
0.23

0.20
0.23

0.17
0.21

Baseline Self Efficacy x Time B
SE

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

Baseline Self Esteem B
SE

1.19
0.57

* 1.01
0.60

† 1.03
0.56

†

Baseline Self Esteem x Time B
SE

0.01
0.00

† 0.01
0.01

0.01
0.00

Baseline Friendship B
SE

-0.16
0.19

-0.03
0.18

Baseline Friendship x Time B
SE

-0.00
0.00

-0.01
0.00

†

Male B
SE

16.78
5.46

**

Male x Time B
SE

-0.08
0.05

Akaike’s information criterion 917.7 919.9 916.3 917.9 910.7

Note. ** p < .01.  * p < .05.  † p < .10. Cooperative Exergame = 1 for the cooperative exergame participants, Control = 
1 for the control participants, and Competitive = 0 for the competitive participants. 
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Table 3.

Mean participant weight (kg), self-efficacy, self-esteem, and friendship quality during the 
program by condition.

Weight (kg) Self-Efficacy Self-Esteem Friendship Quality

Baseline Time 2 Time 3 Baseline Time 2 Time 3 Baseline Time 2 Time 3 Baseline Time 2 Time 3 

Cooperative 93.93
(26.02)
n = 19

92.96
(25.66)
n = 19

84.74
(14.23)
n = 10

38.16
(12.12)
n = 19

42.11
(13.58)
n = 18

43.29
(13.40)
n = 14

22.79
(4.45)
n = 19

22.67
(5.91)
n = 18

24.08
(3.88)
n = 13

71.89
(12.43)
n = 19

75.22
(13.39)
n = 18

80.18
(8.59)
n = 11

Competitive 96.22
(17.92)
n = 19

96.02
(18.88)
n = 19

95.17
(20.94)
n = 17

36.37
(13.97)
n = 19

37.65
(10.03)
n = 17

38.82
(8.82)
n = 11

23.74
(6.47)
n = 19

23.11
(4.78)
n = 18

22.33
(5.74)
n = 9

64.37
(19.58)
n = 19

72.44
(10.78)
n = 18

76.92
(14.04)
n = 13

Control 95.48
(22.72)
n = 16

95.57
(23.66)
n = 16

94.23
(20.88)
n = 12

37.38
(12.07)
n = 16

34.57
(11.75)
n = 14

35.30
(8.76)
n = 10

22.69
(3.96)
n = 16

22.40
(5.38)
n = 15

20.45
(5.82)
n = 11

70.13
(18.16)
n = 16

72.33
(17.15)
n = 15

59.70
(20.67)
n = 10

Total 95.20
(22.05)
n = 54

94.81
(22.47)
n = 54

92.21
(19.46)
n = 39

37.30
(12.56)
n = 54

38.41
(12.08)
n = 49

39.60
(11.09)
n = 35

23.09
(5.06)
n = 54

22.75
(5.28)
n = 51

22.39
(5.19)
n = 33

68.72
(16.94)
n = 54

73.39
(13.39)
n = 51

72.91
(16.95)
n = 34

Note. Standard deviation indicated in parentheses. Each cell reports mean for remaining 
participants at that time point; therefore, increase or decrease in means may not reflect 
growth curve analysis results.
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Table 4.

Estimates of fixed effects from individual growth curve analyses of change in self-
efficacy during exergame intervention by condition.

Model 1
vs. Control

Model 2
vs. Competitive

Intercept   B
SE

37.06
3.00

** 36.31
2.75

**

Time          B
SE

-0.02
0.02

0.03
0.02

Cooperative B
SE

0.83
4.05

1.57
3.87

Cooperative x Time B
SE

0.08
0.03

** 0.03
0.02

Competitive
         

B
SE

-0.74
4.07

Competitive x Time B
SE

0.05
0.03

†

Control B
SE

0.74
4.07

Control x Time B
SE

-0.05
0.03

†

Note. ** p < .01.  * p < .05.  † p < .10. For Model 1, Cooperative Exergame = 1 for the cooperative
exergame participants, Competitive Exergame = 1 for the competitive exergame participants, and Control = 
0 for the control participants. For Model 2, Cooperative Exergame = 1 for the cooperative exergame 
participants, Control = 1 for the control participants, and Competitive Exergame = 0 for the competitive 
exergame participants. 



44

Table 5.

Estimates of fixed effects from individual growth curve analyses of change in friendship 
quality during exergame intervention by condition.

Model 1
vs. Control

Model 2
vs. Competitive

Intercept   B
SE

71.70
3.87

** 66.16
3.51

**

Time          B
SE

-0.06
0.03

* 0.07
0.02

**

Cooperative B
SE

1.11
5.24

6.65
4.98

Cooperative x Time B
SE

0.10
0.04

* -0.03
0.03

Competitive
         

B
SE

-5.54
5.22

Competitive x Time B
SE

0.12
0.03

**

Control B
SE

5.54
5.22

Control x Time B
SE

-0.12
0.03

**

Note. ** p < .01.  * p < .05. For Model 1, Cooperative Exergame = 1 for the cooperative exergame 
participants, Competitive Exergame = 1 for the competitive exergame participants, and Control = 0 for the 
control participants. For Model 2, Cooperative Exergame = 1 for the cooperative exergame participants, 
Control = 1 for the control participants, and Competitive Exergame = 0 for the competitive exergame 
participants. 
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CHAPTER IV: COMPETITIVE VERSUS COOPERATIVE EXERGAME PLAY FOR AFRICAN 

AMERICAN ADOLESCENTS’ EXECUTIVE FUNCTION SKILLS

This chapter has been submitted for publication as: Staiano, A. E., Abraham, A. 

A., & Calvert, S. L. Competitive versus cooperative exergame play for African American 

adolescents’ executive function skills. Developmental Psychology. See Appendix C for 

supplemental analyses and figures.

U.S. children underperform academically on global standardized tests of 

mathematics and science (Miller et al., 2009). Poor academic achievement is particularly 

prevalent for obese (Taras & Potts-Datema, 2005) and low-income African American 

youth (NCES, 2007). Executive function skills provide an important cognitive foundation 

for strong performance in mathematics and science (Latzman et al., 2010), including 

action inhibition and initiation, cognitive flexibility, attention and sensory processing, 

and other mental abilities that create the building blocks for higher-order thinking 

(Gazzaniga, Ivry, & Mangun, 2002). 

Executive function improvements occur after video game play (Green & Bavelier,

2006a), after bouts of physical activity (Hillman et al., 2009a), and after competition 

(Decety et al., 2004). The purpose of the current study was to examine whether exergame 

play, which combines gaming with gross motor physical activity (Staiano & Calvert, in 

press), can improve at-risk overweight African American adolescents’ executive function 

skills during either competitive or cooperative gaming experiences.

Benefits of Video Game Play for Executive Function Skills

Video game play provides an informal means for youth to develop cognitive skills 

in a fun and engaging way (Greenfield, 1996). Numerous studies demonstrate improved 
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cognitive outcomes for video game players, particularly for spatial processing skills 

(Boot et al., 2008; Gagnon, 1985; Pepin & Dorval, 1986; Subrahmanyam & Greenfield, 

1996); visualization and acuity (Ball et al., 1988; Green & Bavelier, 2007; Okagaki & 

Frensch, 1996; Subrahmanyam & Greenfield, 1996); attention inhibition (Boot et al., 

2008; Castel, Pratt, & Drummond, 2005); and better deployment of attention (Green & 

Bavelier, 2003, 2006b; Greenfield, deWinstanley, Kilpatrick, & Kaye, 1996). Benefits in 

cognitive flexibility are also produced from video game play, including task switching 

skills (Andrews & Murphy, 2006; Green & Bavelier, 2006c); perceptual speed 

(Subrahmanyam & Greenfield, 1996); cognitive mapping (McClurg & Chaille, 1987); 

and three-dimensional rotation skills (Greenfield, Brannon, & Lohr, 1996; Okagaki & 

Frensch, 1996; Sims & Mayer, 2002; Subrahmanyam & Greenfield, 1996).

Beneficial effects are often most pronounced for experienced gamers (Andrews & 

Murphy, 2006; Boot et al., 2008; Castel, Pratt, & Drummond, 2005; Gagnon, 1985; 

Green & Bavelier, 2003, 2007; Greenfield, Brannon, & Lohr, 1996; Sims & Mayer, 

2002). For example, compared to non-gamers, young adult male video game players had 

higher processing and visual attention capacity, increased task-switching ability, and 

enhanced ability to process information over time (Green & Bavelier, 2006c). Training 

studies also yield positive cognitive outcomes (Green & Bavelier, 2003, 2006b, 2006c; 

Okagaki & Frensch, 1996; Pepin & Dorval, 1986; Subrahmanyam & Greenfield, 1996).

For example, training non-gamers on an action game for 10 days increased the 

participants’ visual attention capacity (Green & Bavelier, 2003). Similarly, a brief 

videogame intervention improved spatial skills among fifth-grade students, particularly 

those who initially had lower spatial skills (Subrahmanyam & Greenfield, 1996).
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Males often demonstrate stronger effects from video game exposure than females 

do (Greenfield, Brannon & Lohr, 1996; Okagaki & Frensch, 1996), perhaps because they 

are more likely to be video game players than females are (Rideout, Foehr, & Roberts, 

2010). Another possibility is that males are predisposed to have better visual spatial skills 

than females (Linn & Petersen, 1985). This predisposal may make video game play more 

rewarding for males, and hence males may play more often and become even better at 

those skills. 

Exergames provide a new platform to play games that may enhance arousal and 

increase energy expenditure (Staiano & Calvert, in press). One popular exergame console 

is the Nintendo Wii, in which a player uses a WiiMote controller to map their own actions 

onto the actions of an onscreen character. Because exergames are very popular with 

youth (Lenhart, 2008), there is interest in incorporating them into the school curriculum. 

For example, the state of West Virginia uses the exergame Dance Dance Revolution in 

schools as part of their physical education curriculum (Schiesel, 2007). Although most 

exergame studies examine caloric expenditure (Staiano & Calvert, in press), physical

activity can also yield beneficial cognitive outcomes.  

Benefits of Physical Activity for Executive Function Skills

Aerobic activity is expected to improve executive function skills, which include 

planning, initiating, and carrying out activity sequences for self-monitoring, self-control, 

and goal-directed behavior (Davis et al., 2007). Executive control processes, such as 

response inhibition, working memory, and cognitive flexibility, underlie the regulation of 

perception, memory, and action (Hillman et al., 2009a).
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Aerobic activity may enhance cognition and improve executive control by 

affecting physiological functioning (Hillman et al., 2009a). These effects include 

increased cerebral circulation, oxygenation, and neurotransmitter availability (Etnier et 

al., 2006). Motor and cognitive regions of the brain are interrelated. In particular,

activation of the cerebellum, which is critical for motor performance, may improve 

executive function skills, which are located in the prefrontal cortex. These skills include 

attention shift, concentration, and visual pattern detection (Diamond, 2000). A neuronal 

linkage between the cerebellum and executive control functions that are associated with 

activation of the prefrontal cortex was demonstrated experimentally in 115 adolescents 

who improved on a test of attention and concentration after 10 minutes of exercises that 

required hand-eye coordination (Budde et al., 2008). Similarly, concentrated short-term 

aerobic activity increased executive function skills in preadolescent children, in part due 

to enhanced skills to regulate attentional control (Hillman et al., 2009b).

Long-term aerobic activity experiences may also enhance executive function 

skills by impacting brain functions that control cognition and behavior (Tomporowski et 

al., 2008). For instance, a 15-week aerobic intervention of 20 to 40 min per day of 

vigorous activity for 5 days a week improved overweight children’s executive function 

skills (Davis et al., 2007). A meta-analysis documented that physical activity enhanced 

cognitive performance among adolescents, including improved perceptual skills, 

intelligence quotients, achievement scores, verbal tests, mathematics tests, and 

developmental level/academic readiness, with an overall effect size of 0.32 (Sibley & 

Etnier, 2003). However, more controlled physical activity interventions need to be 

conducted in order to establish causality for improved executive function skills, 
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particularly in youth (Sibley & Etnier, 2003). For instance, it is unknown whether or not 

overweight youth can increase cognitive performance by losing weight in a physical 

activity intervention.

Consistent with the adolescent research, cognitive enhancements were 

demonstrated in a meta-analysis of physical activity interventions in the elderly, with the 

largest effect size found for executive control processes (effect size = .68; Colcombe & 

Kramer, 2003). However, 4 months of aerobic exercise training did not improve older 

adults’ scores on temporal sequencing, mental flexibility, inhibition, planning, or visual-

spatial skills (Blumenthal et al., 1991).

Although research has not been conducted in this area, exergames have the 

potential to provide aerobic activity that can improve executive function skills (Staiano & 

Calvert, in press). Exergames increase heart rate to levels of cardiorespiratory fitness and 

optimal aerobic exercise in adolescents and young adults (Tan et al., 2002; Höysniemi et 

al., 2004), including overweight youth (Unnithan, Houser, & Fernhall, 2006). Exergame 

play also produces caloric expenditure that meets standards for moderate intensity 

activity in adolescents and young adults (Graf et al., 2009; Graves et al., 2007). Caloric 

expenditure is higher during competitive play against a peer than when youth play alone 

(Exner et al., 2009), but cooperative versus competitive exergame play has not been 

examined.

Competition versus Cooperation

Competition demands higher executive function processing than cooperation 

does, as found in the activation of the medial prefrontal cortex of young adults who 

played a computer game competitively versus no activation when played cooperatively 
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(Decety et al., 2004). Mentalizing the self and other within competitive game play, 

including predicting an opponent’s actions, contributes to the demand on executive 

function skills (Decety et al., 2004). Cooperative action patterns are also slower and more 

carefully produced than competitive actions. For instance, the reach-to-grasp movement 

occurs faster when participants compete to place an object on a surface than when they 

cooperate to join two objects together (Georgiou et al., 2007). Therefore, competitive 

exergame play may occur faster and potentially produce more caloric expenditure than 

cooperative play, thereby creating differences in executive function skills. 

Sex differences exist in adolescent involvement in competitive versus cooperative 

games. Male adolescents participate in competitive sports more than females do (CDC, 

2010) and prefer competition whereas female adolescents prefer cooperation (Ahlgren & 

Johnson, 1979; Gill, 1988). Males also expended more calories than females did when 

playing competitive exergames (Graves et al., 2007; Exner et al., 2009). However, survey 

data indicate that males and females are equally likely to play exergames such as Dance 

Dance Revolution (Lenhart et al., 2008), suggesting that certain exergames may attract 

both male and female adolescents.

The Present Study

The purpose of this study was to compare the effects of playing the Nintendo Wii 

Active exergame in competitive, cooperative, or control conditions on the executive 

function skills of low-income African American overweight students. Our hypotheses 

were as follows:

H1: Based on the literature on video game play (Green & Bavelier, 2006a) and 

aerobic exercise (Hillman et al., 2009b), we predicted that playing the exergame 
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would result in improved executive function skills when compared to baseline 

scores and to the control group;

H2: Based on the literature on the cognitive benefits of video game play for males 

more so than females (Greenfield, Brannon & Lohr, 1996), we predicted exposure 

to exergames would benefit males’ more than females’ executive function skills. 

H3: Based on the demands of competition to mentalize the self and others and to 

predict others’ actions to maximize the chances of winning (Decety et al., 2004), 

we expected that competitive exergame play would benefit players’ executive 

function skills more so than cooperative exergame play. Adolescent males, who 

are more likely to be gamers (Rideout, Foehr, & Roberts, 2010) and involved in 

competitive sports (CDC, 2010), were expected to demonstrate stronger effects 

when compared to adolescent females. 

H4: Based on improved cognitive outcomes from physical activity interventions 

(Davis et al., 2007), we predicted that change in weight during the intervention 

would be significantly related to increased executive function skills, particularly 

for the competitive condition. 

Method

Participants

Fifty-four African American low-income 15- to 19-year old adolescents (M age = 

16.46 years, 31 females), the majority of whom were overweight and obese, participated 

in this study, which was part of a larger intervention program to treat obesity. Staff 

members at a school-based wellness center recruited high school participants. Additional 
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recruiting methods included flyers posted in the high school and word of mouth via 

teachers and peers. 

Interested students were measured for height (no shoes) and weight (clothed, no 

shoes) by trained staff at the school wellness center. At baseline, participants had a mean 

weight of 95.64 kg, a mean body mass index (BMI) of 33.10, and a mean BMI percentile 

of 94.61. At week 10 of treatment, participants had a mean weight of 95.02 kg, a mean 

BMI of 32.92, and a mean BMI percentile of 93.94. Ninety-one percent (n = 49) of the 

participants were overweight or obese; 5 participants had a BMI percentile of 75 to 84.

On average, participants decreased in weight by 0.06 kg, decreased in BMI by 0.17, and 

decreased in BMI percentile by 0.60 over the 10 week treatment period. Males 

participated in more sports teams than females did (3.24 sports for males compared to 

2.08 sports for females). 

Within sex group, students were randomly assigned to a condition involving 

competitive exergame play, cooperative exergame play, or a control group. The students 

in the exergame treatment conditions had the opportunity to play the Nintendo Wii 

Active exergame each school day, either after school or during part of their lunch break, 

over a 10-week period (M elapsed time = 69.19 days). The control group was periodically

tested but received no treatment. All students received periodic incentives, such as movie 

tickets or cash gift cards, to remain involved in the study.

Nintendo Wii Active Exergame

The Wii Active is marketed as an innovative fitness video game that helps players 

get in shape. Gameplay involves a routine of cardio (walking, running, dancing, and 

kickboxing); upper and lower body strength training (e.g. bicep curls, tricep kickbacks, 
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jump lunges, squats with calf raises); and sports games (basketball, inline skating, 

baseball, tennis, and volleyball). 

Players must correctly position their legs and arms to control their on-screen 

“Mii” character successfully. The handheld WiiMote and nunchuck communicate player 

movement to the sensor bar placed next to the television screen. During activities the 

nunchuck is either held in the hand or placed in a leg strap to monitor leg movement. A 

resistance band is used in the strength exercises. 

Players track progress by earning points and expending calories. Players were

encouraged to compare their fitness progress with others or work together to achieve 

fitness goals, adding a competitive or cooperative element to game play. Successful play 

also requires cognitive skills where players must coordinate and map their gross motor 

movements to those of their on-screen character.

Measures

Delis-Kaplan Executive Function System (D-KEFS). The D-KEFS consists of 

nine stand-alone subscales designed for 8- to 89-year-old test-takers that assesses 

performance of the frontal system of the brain, which control executive function skills

(Delis, Kaplan, and Kramer, 2001). The D-KEFS employs a game-like structure that 

encourages optimal performance without providing right/wrong feedback that may 

frustrate adolescent test-takers. 

We selected two of the D-KEFS subscales – the Design Fluency subscale and the 

Trail Making subscale – to assess visual-spatial skills, cognitive flexibility, response 

inhibition, motor planning and speed, and sequencing (Delis, Kaplan, and Kramer, 2001). 

The Design Fluency subscale measures visual-spatial skills, response inhibition, and 
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cognitive flexibility by having the participant connect dots to design as many novel 

shapes as quickly as possible. Each subtest contains 35 boxes that are filled with dots. 

The participant is asked to connect four lines and draw a different design in each box. In 

the “filled dots” subtest, each square has a random array of 5 filled dots, and the 

participant can connect any dots. In the “empty dots only” subtest, each square has a 

random array of 5 unfilled dots, and 5 filled dots. The participant must connect only the 

unfilled empty dots. The “switching” subtest, which is the most challenging sub-test, 

involves squares with 10 dots (5 filled dots and 5 empty dots). The participant must 

connect the dots alternating between empty and filled. The “filled dots” subtest measures 

design fluency. The “empty dots only” subtest measures design fluency and response 

inhibition, as well as motor planning and speed. The “switching” subtest measures design 

fluency, visual-attentional resources including visual scanning, and cognitive flexibility 

(Delis, Kaplan, & Kramer, 2001). The total score for Design Fluency is the total number 

of correctly drawn designs.

Performance on each subtest of the Design Fluency test was preceded by a 

practice trial with three squares of dots in which the participant used the rules before the 

test trial began. Then the participant had 60 seconds to complete as many squares as 

possible before proceeding to the next subscale. 

The second subscale, the Trail Making test, assesses set shifting and switching, 

speed of visual search, attention, visual-motor function, temporal sequencing, and mental 

flexibility. Each subtest has two pages containing a random array of numbers and letters. 

In the “visual scanning” subtest, the participant scans the pages to draw a mark through 

all of the 3s as quickly as possible. The “number sequencing” subtest asks the participant 
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to draw a line to connect each of the numbers in numerical order, beginning with 1 and 

ending with 16. In the “letter sequencing” subtest, the participant draws a line to connect 

each of the letters in alphabetical order, beginning with A and ending with P. The 

“number-letter switching” subtest asks the participant to draw a line to connect the 

numbers numerically and the letters alphabetically, switching each time from a number to 

a letter (e.g., 1-A-2-B). Finally, the “motor speed” subtest has large unfilled circles 

connected by a dotted line that the participant must trace as quickly as possible from the 

beginning circle to the ending circle. The subtests measure temporal sequencing and 

mental flexibility; the number-letter switching subtest is the primary executive function 

task, measuring cognitive flexibility as well as temporal sequencing and response 

inhibition (Delis, Kaplan, & Kramer, 2001). The total Trail Making score is the number 

of correctly connected or marked letters or numbers.

Each Trail Making subtest was preceded by a practice trial before beginning the

test. Each participant had 30 seconds to complete the “visual scanning” sub-test and 60 

seconds to complete each of the other 4 subtests. For each subtest, participants were 

instructed to work as quickly and accurately as possible.

The scores from the Design Fluency and Trail Making subscales were combined 

to create each participant’s total D-KEFS score. Then the change in scores at baseline and 

week 10 of treatment for the full score and each of the two subscale scores were 

calculated to create difference scores. The full D-KEFS has shown adequate reliability 

and validity, with test-retest reliabilities ranging from .62 to .80 (Homack, Lee, & Riccio, 

2005). Specifically, the Trail Making subscale has demonstrated moderate to high 

internal consistency reliability coefficients (r = .57 to .79); for the Design Fluency 
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subscale, test-retest reliability is moderate at .43 to .66 (Delis, Kaplan, & Kramer, 2001). 

Validity has been demonstrated through adequate intercorrelations of measures within D-

KEFS subscales and against other cognitive assessments including the Wisconsin Card 

Sorting Test (Homack, Lee, & Riccio, 2005). D-KEFS scores are also correlated with 

standardized English and mathematics test scores in low-income urban school children 

(Waber et al., 2010). 

In the present study, two research assistants coded the cognitive tests, and all tests 

were double coded by a third coder. Interrater reliability, calculated as Cronbach’s alpha, 

was α = .967 at baseline and α = .978 at time 2 for total DKEFS scores; α = .971 at 

baseline and α = .965 at time 2 for Design Fluency subscale scores; and α = .949 at 

baseline and α = .978 at time 2 for the Trail-Making subscale scores.

Procedure

During the baseline phase of the study, all participants were administered 

individual D-KEFS cognitive tests in a group setting by one of three trained 

experimenters. An experimenter administered each subtest by reading the directions out 

loud and timing each portion. 

Participants in the Wii Active exergame treatment conditions then played in 

competitive or cooperative conditions for a period averaging 10 weeks either after school 

or during part of their lunch break for approximately 30 minutes each session. There were 

two adult coordinators, one for the competitive condition, and one for the cooperative 

condition.  

Youth typically played in a dyad with a peer, with the pair structure varied over 

time. If an odd number of students attended on a given day, the group coordinator 
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became the second player. Youth in the competitive condition were encouraged to win by 

earning the top score and by expending the most calories each time they played. Those in 

the cooperative condition were encouraged to play with their teammate to earn the 

highest possible score as a pair and to expend the most calories as a pair. 

Participants in both treatment conditions played the same predetermined exercise 

routine on the Wii console during school days in one of two separate rooms, depending 

on condition. Routines varied every day and included cardio, sports, and strength games. 

Each room had enough Wii systems for all students to play at the same time. Youth in the 

control group continued their typical activity routines.

After the 10-week treatment, all students took the D-KEFS a second time. For 

those in the Wii Active treatment conditions, students first played an exergame workout 

routine in their respective cooperative or competitive conditions for an average of 15.50

minutes. The exercise routine for the test day included a circuit workout of cardio and 

sports games. These were walk and run short, tennis random medium, baseball pitching 

and catching and batting, boxing medium, tennis back court and front court, baseball 

random medium, dance fast 4, basketball shooting, tennis random long, basketball 

random long, dance random pro, targets 2, tennis front court, and track random medium. 

Caloric expenditure, which was recorded by a triaxial accelerometer that was integrated 

into the Nintendo Wii system, averaged 100.90 kCal (range = 52.00 kCal to 259.80 

kCal), or 6.63 kCal/minute. Duration of play was also recorded by the Wii system.

The D-KEFS was administered immediately following the workout for those in 

the treatment conditions. For those in the control group, the D-KEFS was administered 

after adolescents had been seated for approximately 5 minutes, as is typically done in a 
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school testing situation. Cognitive assessment took approximately 15 minutes to 

complete for the treatment and control groups. 

Results

Delis-Kaplan Executive Function System (D-KEFS)

For the total D-KEFS executive function score and for each of the two subscales 

(i.e., Design Fluency and Trail Making), a 3 (condition: competitive exergame, 

cooperative exergame, or control group) by 2 (sex) ANOVA was conducted, in turn, with 

treatment and sex as between-subjects independent variables. The dependent variable for 

each ANOVA was the change in each cognitive score between baseline and after week 10 

of treatment. Effect sizes are reported in partial eta squared.

The 2 factor ANOVA computed on total D-KEFS difference scores yielded a 

significant main effect for condition, F(1,48) = 4.137, p = .022, partial η2 = .147. One-

way ANOVAs were then conducted to determine differences between conditions. 

Helmert planned contrasts revealed that youth in the competitive condition improved D-

KEFS total scores significantly more than did those in either the cooperative condition, 

F(1,35) = 5.956, p = .020, partial η2 = .145, or the control condition, F(1,35) = 6.122, p = 

.018, partial η2 = .149. There was no significant difference between youth in the 

cooperative and control conditions, p = .429. Youth in the competitive condition on 

average improved total D-KEFS scores by 15.40 points (SD = 12.21), versus 6.59 points 

(SD = 9.23) for those in the cooperative condition, and 2.41 points (SD = 19.42) for those 

in the control group. 

A 2 factor ANOVA was then computed on the Design Fluency and the Trail 

Making D-KEFS subscale difference scores to examine which aspects of executive 
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function skills were improving as a function of the exergame treatment experience. The 2 

factor ANOVA conducted on Design Fluency subscale difference scores yielded a 

significant sex by condition interaction, F(2,48) = 3.472, p = .039, partial η2 = .126, and a 

marginal main effect of condition, F(2,48) = 2.645, p = .081, partial η2 = .099. Follow-up 

one-way ANOVAs were then conducted for each sex with condition as the independent 

variable. For males, there was a significant main effect of condition, F(2,20) = 5.261, p = 

.015, partial η2 = .345. For females, there was no effect of condition, p = .943. 

One-way ANOVAs using Helmert planned contrasts were then conducted to 

examine male design fluency difference scores for the different conditions. As seen in 

Figure 1, males in the competitive condition significantly improved their scores more 

than those in the control group, F(1,14) = 11.317, p = .005, partial η2 = .447. Males in the 

cooperative condition marginally improved their design fluency scores more than those in 

the control group, F(1,12) = 4.631, p = .052, partial η2 = .278. There was no significant 

difference between competitive and cooperative conditions, p = .438. 

The 2 factor ANOVA computed on the Trail Making D-KEFS subscale difference 

scores yielded a marginal main effect for condition, F(2,48) = 2.560, p = .088, partial η2 = 

.096. One-way ANOVAs using Helmert planned contrasts were then conducted to 

examine differences between conditions. Youth in the competitive group significantly 

improved Trail Making D-KEFS scores compared to those in the cooperative group, 

F(1,35) = 5.153, p = .029, partial η2 = .128, and the control group, F(1,35) = 4.360, p = 

.044, partial η2 = .111. There were no significant differences between the cooperative and 

control conditions, p = .772. The competitive group on average improved 9.20 points (SD
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= 18.87) versus 2.12 points (SD = 10.12) for the cooperative group, and 0.82 points (SD = 

15.17) for the control group.

Short-term Caloric Expenditure, Duration of Play, and Executive Function Skills

Differences in executive function improvements may depend on caloric 

expenditure and/or duration of exergame play. To examine these possibilities, we initially 

conducted a 2 (treatment: competitive versus cooperative) by 2 (sex) ANOVA with 

caloric expenditure just before testing as the dependent variable. The 2 factor ANOVA 

computed on short-term caloric expenditure yielded no significant difference by 

condition or sex. 

A 2 (treatment: competitive versus cooperative) by 2 (sex) ANOVA was then 

conducted with duration of Wii play just before testing as the dependent variable. The 2 

factor ANOVA computed on duration of play yielded a significant main effect of 

condition, F(1,31) = 4.385, p = .045, partial η2 = .124, and a marginal main effect of sex, 

F(1,31) = 2.958, p = .095, partial η2 =  .124. To complete the targeted routine on the 

treatment testing day, youth in the cooperative condition played for an average of 17.44 

minutes, versus an average of 13.87 minutes for those in the competitive condition. 

Females played for 16.76 minutes on average, versus 14.02 minutes for males. 

Then a 2 (treatment: competitive versus cooperative) x 2 (sex) ANOVA was 

conducted with efficiency scores (i.e., total caloric expenditure divided by duration of 

play) as the dependent variable. There was a significant main effect of sex, F(1,31) = 

5.761, p = .023, partial η2 =  .157. Males expended an average of 7.44 kCal/minute versus 

5.88 kCal/min for females.
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Long-Term Weight Change and Executive Function Skills

To determine if there was a longer term effect of weight change on executive 

function skill improvement, Pearson correlations were computed between weight change 

over 10 weeks and improvement in D-KEFS scores. For the competitive group, there was 

a significant relationship between weight change and change in DKEFS total scores (r = 

.479, p = .038) and in Design Fluency scores (r = .461, p = .047), but not for Trail-

Making scores (r = .315, p = .189). For the cooperative and control groups, there were no 

significant relationships between weight change and change in DKEFS scores.

Discussion

The purpose of this study was to examine the role of competitive versus 

cooperative exergame play for overweight and obese African American adolescents’ 

executive function skills. As predicted, immediately after playing an exergame for 15 

minutes, youth who played the exergames competitively improved in executive function 

tasks more than the cooperative exergame condition or the control condition. In fact, 

adolescents in the competitive condition improved total D-KEFS scores more than six 

times that of those in the control group and more than twice that of the cooperative 

condition. The current research adds to the body of literature about the beneficial impact 

of video game play (Green & Bavelier, 2006a), aerobic activity (Hillman et al., 2009a), 

and competition (Decety et al., 2004) for the activation of executive control skills. 

Because exergame play increases aerobic activity more so than traditional video game 

play (Graves et al., 2007), competitive exergames may provide an enjoyable motor 

activity that yields positive cognitive outcomes.
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When the subscale test scores of the D-KEFS measure were examined, we found 

additional results that were consistent with prior research in the videogame and aerobic 

activity literature. In particular, males benefited more than females did from gaming 

exposure for certain cognitive skills (Greenfield et al., 1996; Okagaki & Frensch, 1996; 

Subrahmanyam & Greenfield, 1996), and competition improved executive function skills 

more than cooperation did (Decety et al., 2004). Although only a trend, the competitive 

condition improved over four times more than the cooperative condition did and over 

eleven times more than the control condition did on the Trail Making subscale scores.

In the current study, we found benefits for adolescent African American males on 

the Design Fluency subscale that assessed spatial skills, as well as response inhibition and 

cognitive flexibility skills. These differences were not an outcome of differential 

exposure to the exergames, as both males and females had been playing these games for 

an average of 10 weeks. The sex difference in cognitive performance may come in part 

from adolescent males’ overall greater involvement in gaming outside of the study 

context (Rideout, Foehr, & Roberts, 2010), or from genetic predispositions for males to 

perform better on visual-spatial and cognitive flexibility tasks (Linn & Petersen, 1985), 

particularly during adolescence (Liben, 2006).

Competition improved male adolescent performance more than cooperation did 

on the Design Fluency subscale. Hence, males’ greater participation in competitive sports 

(CDC, 2010), which were an integral part of the exergame treatment experience, may 

also have given them an advantage when playing the exergames when compared to 

females. Cooperative activities also take longer to complete than competitive ones 

(Georgiou et al., 2007). Consistent with this finding, youth in cooperative conditions took 
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longer to play exergames on the test day than those in competitive conditions did. 

Females also took longer than males to play the treatment conditions on the treatment test 

day, and males were more efficient when playing exergames than females were on the 

treatment test day. 

Exergames may have activated more of the prefrontal cortex areas of male brains, 

particularly during competitive but also to a certain extent during the cooperative 

condition, thereby leading to differential improvements for males when compared to 

females on tasks that examine executive function skills. More specifically, competitive 

video games require players to create a mental representation of the self and the other and 

to anticipate the moves of the opponent while maximizing a strategy to win (Decety et 

al., 2004). Such competitive gaming activities place demands on and activate the medial 

prefrontal cortex, but no such activation occurs during cooperative game play (Decety et 

al., 2004). Given that competitive activities are more familiar and preferred by males 

when compared to females (Ahlgren & Johnson, 1979), competitive exergame play may 

be a natural experience to enhance male cognition. Even so, both males and females 

benefited more from competitive than cooperative exergame play for the overall D-KEFS 

test and the Trail Making subscale which measured task switching, speed of visual 

search, attention, visual-motor function, temporal sequencing, and mental flexibility, 

thereby suggesting many general beneficial effects of competition on executive function 

skills. 

In addition to short-term effects of competition on executive control skills, this 

study also documented a long-term relationship between weight change and improvement 
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in executive function skills. This finding is particularly important because many 

overweight and obese youth underperform academically (Taras & Potts-Datema, 2005). 

One way that our study differs from other research is that we examined 

exergames as a way to increase executive function skills. Moreover, we studied an at-risk 

sample of low-income African American adolescents, most of whom were overweight 

and obese, and we identified a relationship between their weight change and 

improvement in executive control skills. African American youth are at risk for both 

scholastic underperformance (NCES, 2007) and obesity (Ogden et al., 2010). The 

improvements found here in executive function skills for our adolescent sample 

demonstrate the potential of exergames and weight loss to enhance cognitive 

performance, thereby addressing two risk factors for these low-income, minority youth.  

One limitation of this study was that we were unable to obtain academic grades 

from the school system for confidentiality reasons. It is important to discover if there 

were any long-term transfer effects of exergame play on youth academic performance. If 

so, aerobic activities such as exergame play may benefit the curriculum, including 

opportunities for students to engage in bouts of activity just before tests are taken. There 

are also potential policy implications concerning the wide spread elimination of physical 

education courses that has taken place in recent years (Lee et al., 2007), and the tendency 

for females to opt out of physical education courses when it is available (CDC, 2010). In

fact, increasing in-school physical activity improves academic performance, 

concentration, and memory (Strong et al., 2005), and reducing core academic time to 

increase physical activity does not negatively impact academic performance (Trudeau & 

Shephard, 2008). Other limitations of this study included not always being able to 
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separate short-term exposure from long-term exposure effects of exergame play on 

executive function skills or determine the underlying neural bases of behavioral change 

for these youth. Future research should address these issues.

In conclusion, competitive exergame play yields beneficial effects for at-risk 

African American adolescents’ executive function skills, skills that are crucial for

academic success. Weight loss also relates to improved executive function skills in 

overweight and obese youth. Greenfield (1984) first proposed that video games provide a 

context for informal learning in which youth can develop important cognitive skills. 

Because exergames, an emerging genre of video games, are popular activities with youth 

that combine both physical activity and competition, rich potential exists for children and 

adolescents to play, and inadvertently to develop, essential cognitive skills in informal 

and even formal school settings. 
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Figure 1.  
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CHAPTER V: GENERAL CONCLUSIONS

By promoting physical activity during game play, exergames can produce 

physical, socio-emotional, and cognitive benefits that have also been demonstrated during 

bouts of traditional aerobic activity (e.g. Scully et al., 1998; Hertzog et al., 2009) and 

sessions of sedentary video game play (e.g. Green & Bavelier, 2003; Höysniemi, 2006). 

Exergames, in essence, are modern examples of social learning from on-screen avatars 

and real-life players, as players generate athletic motions such as dance steps and golf 

swings that they may have never before experienced.

In this dissertation research, for example, the way that exergames are played is 

instrumental in understanding outcomes. Cooperative exergame play produced weight 

loss for overweight and obese youth compared to the control group, and there was no 

difference in weight loss between competitive and cooperative exergame play. By 

eliciting energy expenditure and increasing heart rate, exergames may offer the potential 

to convert sedentary screen time into gross motor movements during screen time in order 

to combat childhood obesity. Adolescents need to expend 300 to 800 kilocalories more 

per day than current levels (Bouchard, 2000), which equals about 1 to 3 hours of brisk 

walking, in order to maintain energy balance for a healthy weight. Since many youth 

already spend significant amounts of time playing video games, incorporating exergame 

play into adolescents’ days could supplement physical activity to help youth achieve this

energy expenditure to maintain a healthy weight. Future areas of research include 

investigating the effects of exergame play on muscle strength and reaction time, as well 

as examining the potential of transfer effects from game play to external activities.
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Exergame play benefited obese adolescents’ friendship quality and exercise self-

efficacy in this dissertation research, and friendship quality was related to weight loss. 

Self-efficacy is typically a predictor of physical activity in interventions for adolescents 

(Lubans, Foster, & Biddle, 2008). Although self-efficacy did increase for exergame 

players, changes in self-efficacy did not predict weight loss. Further research 

investigating what socio-emotional factors predict weight loss is important for developing 

effective physical activity interventions. Also, there is minimal research on the effects of 

exergames on socio-emotional outcomes that act as motivators for both game play and 

physical activity. Successful game play may improve players’ self-efficacy and self-

esteem via friendship formation and social interaction. The link between friendship 

formation, self-efficacy, and self-esteem is essential to understanding both the popular 

and prolonged use of these games as well as the potential for exergames to encourage 

physical activity within and external to digital game play. Other potential external 

motivators, such as improved abilities from exergame play or motivation derived from 

weight loss, remain to be studied.

Finally, competitive exergame play benefited adolescents’ executive function

skills in this dissertation research. Much of the research on traditional sedentary video 

games reveals the positive cognitive effects of game play, centered on attention

improvements (e.g. Green & Bavelier, 2003, 2006b), cognitive flexibility (e.g. Andrews 

& Murphy, 2006; Green & Bavelier, 2006c), and visual-spatial skills (e.g. Boot et al., 

2008; Sims & Mayer, 2002). As exergames combine the cognitive challenges of video 

game play with the cognitive enhancements of aerobic activity, more research needs to be 

conducted to examine if exergame play produces cognitive benefits above and beyond 
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video game play or aerobic activity. Also, future research should employ cognitive 

neuroscience to explore the underlying neural changes that produce executive function 

improvement from exergame play.

Exergames are primarily studied as a tool to promote physical activity, which may 

also benefit socio-emotional and cognitive outcomes. However, an additional area for 

research is investigating exergames as a research tool to collect data about the game play 

experience (Staiano & Calvert, in review). In particular, current exergame research 

typically captures physical outcomes and health behaviors using external measures 

including accelerometry, indirect calorimetry, heart rate monitors, and written surveys

(e.g. Graves et al., 2007; Graf et al., 2009; Maddison et al., 2007; Unnithan et al., 2006). 

These measures may reduce external validity by burdening participants during game play. 

Many exergames have the capability to measure activity levels unobtrusively through 

monitors built into game equipment, and preliminary analysis indicates that exergame 

measures are significantly correlated with external measures of caloric expenditure and 

balance (Staiano & Calvert, in review). Exergames also have unique capabilities to 

measure additional data that are typically not studied in this area of research, including 

factors affecting aerobic activity and adherence, as well as health behaviors external to 

game play. Researchers could capitalize on the data collected by the exergame itself, 

providing an efficient, unobtrusive, comprehensive measure of physical health both 

during the gaming experience and outside of game play.

Overall, the studies conducted here link exergame play to weight loss and to

improved self-efficacy, friendship quality, and executive function skills. Cooperative play 

was more beneficial for weight loss, whereas competitive play produced increased gains 
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in attention, cognitive flexibility, and visual-spatial skills. Both cooperative and 

competitive play improved friendship quality and self-efficacy towards exercise. The 

potential effects of exergames on adolescent development remain an important area for 

research, as these popular games can be used as tools to enhance cognition, combat the 

childhood obesity crisis, and promote healthy youth development. Exergames, then, 

demonstrate considerable promise as a 21st century tool to combat a major health 

epidemic, potentially leading to longer, healthier, and more productive lives for the next 

generation of our nation’s youth.
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APPENDIX A

Supplemental figures for Chapter III

Figure A-1. 
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Figure A-2. 
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Figure A-3. 
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APPENDIX B

Supplemental analysis approach for Chapter III

Participant Attrition

During the exergame intervention, a total of 28 participants joined the competitive 

condition, 27 participants joined the cooperative condition, and 19 participants joined the 

control condition. Participant attrition occurred for twenty of the original 74 participants 

before two data points could be collected, including 9 from the competitive condition 

(32.1% dropout rate), 8 from the cooperative condition (29.6% dropout rate), and 3 from 

the control condition (15.8% dropout rate). Students who withdrew from the study before 

time 2 did so for a variety of reasons including self-consciousness due to obesity, school 

truancy or drop-out, school transfer, lack of interest, pregnancy, safety concerns about 

walking home in the dark, sports practice time conflicts, academic tutoring time conflicts, 

frequent headaches, and an injury outside of the program that required crutches. School 

administrators also removed three students from the program due to behavioral 

infractions external to the exergame intervention.

By time 3, 14 additional participants dropped out of the study, resulting in a total 

of 40 participants (54.1% of those who originally enrolled). Of those who dropped out, 8 

were in the competitive condition, 8 were in the cooperative condition, and 4 were in the 

control condition. The percentage of participants who remained from baseline to time 3 

was 39.3% for the competitive condition, 63.0% for the cooperative condition, and 

63.16% for the control condition. 
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Baseline Measures

Randomly assigning participants to condition by sex should protect against 

baseline differences in dependent variables of interest. However, to ensure there were no 

baseline differences, univariate ANOVAs were conducted to examine condition 

differences for each dependent variable of interest. Results indicate that there were no 

significant differences by condition for baseline physical and socio-emotional measures

(for weight, F(2,51) = 0.051, p = .950; for baseline self-efficacy, F(2,49) = 0.146, p = 

.865; for baseline self-esteem, F(2,50) = 0.266, p = .768; for baseline friendship quality, 

F(2,53) = 0.955, p = .392).

Dietary Intake

Dietary intake was measured at baseline, time 2, and time 3 for all participants. 

Dietary intake was measured using the Middle School Physical Activity and Nutrition 

(M-SPAN) survey, which is a self-report instrument with 38 yes-no questions. This 

survey has shown adequate test-retest reliability across sub-categories of food groups, 

with a total average reliability of r = 0.74 (Sallis, 1997). Additional categories were 

added to assess fruit, vegetable, bread, and other intake. Univariate ANOVAs examined 

condition differences for total dietary intake. There were no significant differences by 

condition at baseline, F(2,13) = 0.354, p = .709, at time 2, F(2,42) = 0.392, p = .678, or at 

time 3, F(2,26) = 0.317, p = .731. In other words, dietary intake was similar for 

participants in each condition.

Total Physical Activity

Total physical activity was measured with the Amherst Health and Activity Study 

Student Survey, a 33-item self-report instrument using Likert scales and multiple choice 
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questions to measure current and typical physical activity and sports participation 

(Dowda et al., 2007). Univariate ANOVAs examined potential condition differences for 

each physical activity subscale. At baseline and time 3, there were no significant 

differences by condition for in-school or out-of-school sports participation, for whether or 

not the participant currently exercised, or for minutes or days of exercise in the prior 

week. At time 2, there was a marginally significant condition effect on whether or not the 

participant currently exercised, F(2,41) = 2.978, p = .062. Post-hoc Tukey tests revealed 

that marginally more participants in the competitive condition reported regular exercise 

than the control condition, p = .078. There were no differences between the competitive 

and cooperative conditions or between the cooperative and control conditions.

Data Analysis Overview

To separate condition from socio-emotional effects on weight change over time, 

separate growth curve analyses were conducted to measure the effects of condition and 

the effects of baseline socio-emotional factors. The first set of analyses included 

condition and the condition by time interaction, with baseline socio-emotional factors 

input as covariates without an interaction term. This allows for an analysis of only the 

effects of condition on weight change while holding socio-emotional variables constant. 

For the second analysis, only the baseline socio-emotional factors with a time interaction 

for each factor was included to determine the effect of baseline socio-emotional health on 

weight change, excluding condition effects.

Weight Change due to Condition

Weight change over three time points (baseline, time 2, and time 3) was examined 

with a series of growth curve models using condition as the independent variable and 
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baseline socio-emotional variables as covariates. Table B-1a presents the series of models 

comparing each treatment condition to the control condition. Table B-1b presents the 

series of models comparing the cooperative and control condition to the competitive 

condition. For each series, the first model included the condition variables. Additional 

models sequentially added self-efficacy, self-esteem, friendship quality, and sex. As

depicted in Tables B-1a and B-1b, Model 5 was the best fitting model according to the 

Akaike’s information criterion (AIC). This full model includes condition, baseline self-

efficacy, baseline self-esteem, baseline friendship quality, and sex. 

As indicated in Model 5 in Tables B-1a and B-1b, the cooperative condition lost 

more weight than the control group did (t = -2.189, p = .034), and the cooperative 

condition lost marginally more weight than the competitive condition did (t = -1.736, p = 

.089). There were no significant differences in weight change between the competitive 

and control conditions (t = -0.611, p = .544). In Model 5, the estimated coefficient for 

baseline self-esteem was marginally significant, t = 1.745, p = .087: those with higher 

initial self-esteem tended to weigh less than those with lower self-esteem. Males weighed 

more than females did at baseline in Model 5, t = 3.201, p = .002. Model 5 revealed no 

effect of baseline self-efficacy on initial weight, t = 0.685, p = .496, and no effect of 

baseline friendship quality on baseline weight, t = -0.039, p = .969. 

Therefore, these results are mostly consistent with the results presented in Chapter 

III and Table 3. The one new finding is that in the full model, the cooperative condition 

lost marginally more weight than the competitive condition did. This finding is also 

demonstrated in Tables 2a and 2b in Models 1, 2, 3, and 4. However, for the original 

analysis in which interaction terms are included with the socio-emotional variables, 
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adding sex differences negates the marginal difference between the competitive and 

cooperative condition in Model 5 (depicted in Table 2b). Entering baseline socio-

emotional factors as independent variables with interaction terms decreases the power to 

detect change, so analyzing these socio-emotional factors as covariates reveals a marginal 

condition difference between the cooperative and competitive groups. However, Tables 

2a and 2b allow multiple hypotheses to be tested with a full model including condition, 

socio-emotional variables, and interaction terms for each independent variable.

Weight Change due to Baseline Socio-Emotional Factors

Next, growth curve analysis was conducted to examine the effects of baseline 

socio-emotional factors on initial weight and on weight change over time, excluding 

condition effects. Table B-2 presents the series of models predicting weight change 

during the exergame condition, sequentially adding self-efficacy, self-esteem, friendship 

quality, and sex. Model 4 was the best fitting model according to the Akaike’s 

information criterion (AIC). This full model includes baseline self-efficacy, baseline self-

esteem, baseline friendship quality, and sex. 

As found in the previous model where baseline socio-emotional factors were 

input as covariates, males weighed more than females did at baseline, t = 3.037, p = .004, 

and those with higher self-esteem marginally weighed less at baseline than those with 

lower self-esteem, t = 1.843, p = .071. Additionally, those with higher baseline friendship 

quality marginally lost more weight over time, t = -2.011, p = .052. The results from the 

model depicted in Table B-2 are consistent with the analyses presented in Chapter III and 

in Table 2.
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Table B-1a.

Estimates of fixed effects from individual growth curve analyses of weight change (kg) during exergame 
intervention comparing cooperative and control to competitive condition, with baseline socio-emotional 
factors entered as covariates.

Model 1:
Condition

Model 2:
Self Efficacy

Model 3:
Self Esteem

Model 4:
Friendship

Model 5:
Sex

Intercept   B
SE

95.28
5.47

** 89.79
10.41

** 62.62
16.16

** 76.12
22.59

** 61.84
21.34

**

Time (in weeks)          B
SE

0.06
0.05

0.06
0.05

0.05
0.05

0.05
0.05

0.06
0.05

Cooperative B
SE

-1.42
7.42

-1.53
7.39

-1.66
7.11

-1.38
7.07

-3.34
6.55

Cooperative x Time B
SE

-0.15
0.07

* -0.15
0.07

* -0.16
0.07

* -0.16
0.07

* -0.15
0.07

*

Competitive B
SE

0.85
7.42

1.00
7.39

-0.25
7.14

-1.01
7.13

-1.77
6.59

Competitive x Time B
SE

-0.04
0.07

-0.15
0.07

-0.04
0.07

-0.04
0.06

-0.04
0.07

Baseline Self Efficacy B
SE

0.15
0.24

0.15
0.23

0.20
0.23

0.15
0.21

Baseline Self Esteem B
SE

1.18
0.57

* 1.03
0.60

† 0.97
0.55

†

Baseline Friendship B
SE

-0.17
0.19

-0.01
0.18

Male B
SE

17.41
5.44

**

Akaike’s information criterion 917.7 919.3 917.5 918.7 911.7

Note. ** p < .01.  * p < .05.  † p < .10. Cooperative Exergame = 1 for the cooperative exergame participants, Control = 
1 for the control participants, and Competitive = 0 for the competitive participants. 
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Table B-1b.

Estimates of fixed effects from individual growth curve analyses of weight change (kg) during exergame 
intervention comparing cooperative and control to competitive condition, with baseline socio-emotional 
factors entered as covariates.

Model 1:
Condition

Model 2:
Self Efficacy

Model 3:
Self Esteem

Model 4:
Friendship

Model 5:
Sex

Intercept   B
SE

96.13
5.02

* 90.79
9.97

** 62.37
16.39

** 75.11
22.20

** 60.07
21.06

**

Time (in weeks)          B
SE

0.02
0.04

0.02
0.04

0.02
0.04

0.02
0.04

0.02
0.04

Cooperative B
SE

-2.27
0.04

-2.53
7.08

-1.41
6.83

-0.37
6.87

-1.57
6.35

Cooperative x Time B
SE

-0.11
0.06

† -0.11
0.06

† -0.12
0.06

† -0.12
0.06

† -0.11
0.06

†

Control B
SE

-0.85
7.42

-1.00
7.39

0.25
7.14

1.01
7.13

1.77
6.59

Control x Time B
SE

0.04
0.07

0.04
0.07

0.04
0.07

0.04
0.06

0.04
0.07

Baseline Self Efficacy B
SE

0.15
0.24

0.15
0.23

0.20
0.23

0.15
0.21

Baseline Self Esteem B
SE

1.18
0.57

* 1.03
0.60

† 0.97
0.55

†

Baseline Friendship B
SE

-0.17
0.19

-0.01
0.18

Male B
SE

17.41
5.44

**

Akaike’s information criterion 917.7 919.3 917.5 918.7 911.7

Note. ** p < .01.  * p < .05.  † p < .10. Cooperative Exergame = 1 for the cooperative exergame participants, Control = 
1 for the control participants, and Competitive = 0 for the competitive participants. 
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Table B-2.

Estimates of fixed effects from individual growth curve analyses of weight change (kg) during exergame 
intervention due to baseline socio-emotional factors, exclusive of condition effects.

Model 1:
Self Efficacy

Model 2:
Self Esteem

Model 3:
Friendship

Model 4:
Sex

Intercept   B
SE

88.81
9.36

** 61.68
15.70

** 75.71
22.07

** 60.12
21.04

**

Time (in weeks)          B
SE

-0.08
0.09

-0.28
0.15

† -0.08
0.19

0.02
0.20

Baseline Self Efficacy B
SE

0.17
0.24

0.15
0.23

0.20
0.23

0.17
0.21

Baseline Self Efficacy x Time B
SE

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

Baseline Self Esteem B
SE

1.20
0.57

* 1.01
0.60

† 1.03
0.56

†

Baseline Self Esteem x Time B
SE

0.01
0.01

† 0.01
0.01

0.01
0.01

Baseline Friendship B
SE

-0.16
0.18

-0.04
0.17

Baseline Friendship x Time B
SE

-0.00
0.00

-0.01
0.01

†

Male B
SE

16.53
5.44

**

Male x Time B
SE

-0.09
0.06

Akaike’s information criterion 917.5 915.0 916.0 908.4

Note. ** p < .01.  * p < .05.  † p < .10. 
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APPENDIX C

Supplemental material for Chapter IV

Baseline Measures

Because participants were randomly assigned by sex to condition, it was expected 

that there were no baseline differences in cognitive dependent variables. To validate this 

assumption, univariate ANOVAs were conducted to examine condition differences at 

baseline for total and subscale D-KEFS scores. As expected, there were no significant 

differences by condition at baseline for total D-KEFS scores, F(2,51) = 1.692, p = .194, 

for D-KEFS Design Fluency scores, F(2,51) = 0.660, p = .521, or for D-KEFS Trail 

Making scores, F(2,51) = 1.981, p = .148.
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Supplemental Figures for D-KEFS Difference Scores by Condition

Figure C-1. 
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Figure C-2.
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