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Abstract

BACKGROUND—Youth in the United States have low levels of cardiorespiratory fitness, a risk 

factor for childhood obesity. Lower levels of physical fitness for black and Hispanic youth 

contributes to health disparities. In this feasibility study we examined active video games (AVG) 

as a tool to improve fitness and attitudes towards physical activity during early adolescence.

METHOD—A 6-week AVG program took place in a youth development program in a high 

poverty neighborhood in New York City. Youth aged 10 to 15 years (50% overweight or obese) 

participated in 2 fitness tests and completed surveys that captured barriers to physical activity pre- 

and post-intervention. Each week, participants played Wii Fit games for 30-minutes.

RESULTS—Participants improved the number of sit-ups and step-ups they completed from pre- 

to post-intervention (p < .05). Participants also increased their self-efficacy, intention to exercise 

and perceived social support to exercise (p < .05). Youth reported a high level of enjoyment and 

perceived Wii Fit as ways to increase physical fitness and increase their physical activity.
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CONCLUSION—AVGs may be a viable alternative exercise program to increase physical 

activity for black and Hispanic youth living in poverty-impacted neighborhoods.

Keywords

video games; cardiorespiratory fitness; physical fitness; adolescent

Only 8% of 12-to-15-year-olds in the United States (US) engage in the recommended 

amount of physical activity of one hour daily.1,2 This lack of physical activity has been cited 

as a contributing factor to the childhood obesity epidemic,3 which increases the risk factors 

for cardiovascular disease.4,5 Furthermore, only 42% of US adolescents have adequate 

cardiorespiratory fitness.6 Low level of fitness in ethnic minorities has been proposed as a 

key contributor to health disparities7,8 particularly during early adolescence as physical 

activity declines9 while obesity incidence increases.10 Increasing physical activity is a key 

component to reducing obesity11 and improving cardiorespiratory fitness.12 The current 

study examined active video games (AVG) as a way to improve fitness and attitudes towards 

exercise for adolescents enrolled in a summer camp.

Active Video Games as Fitness Interventions

AVGs may ameliorate cardiovascular risk factors as these games increase physical activity13 

and exercise self-efficacy14 as youth are motivated and engaged when playing.15,16 AVGs 

may be an effective, sustainable physical fitness intervention as they are portable and can be 

played in a wide range of environments such as at home, school, or community center.17,18 

Even with limited space and resources, AVGs can be fitness tools that are easy to implement 

in community settings including in-school and after-school settings.14,19,20 Past research on 

AVGs has shown that these physically-active video games are a viable source of physical 

activity for children. When adolescents play AVGs, they expend energy at a moderate 

intensity, similar to other physical activity.21,22,23 For example, Graf et al observed that the 

energy expenditure of 10-to-13-year-old children was similar when playing the AVG Dance 

Dance Revolution (DDR) and when walking at a moderate intensity on a treadmill.24

Players have displayed enjoyment and positive attitudes while exergaming, and some studies 

have found that interventions with AVGs produce higher positive affect than when 

adolescents participate in non-interactive or non-AVG exercise.25 AVGs often involve 

partner play, which is important given research indicating that youth are more likely to be 

motivated to exercise if they have social support or if a friend exercises with them.9 One 

study examined 10-year-old children playing a dance AVG, similar to DDR, for 12 weeks 

finding those in a multiplayer classroom were twice as likely to play and less likely to drop-

out of the study compared to children in a home intervention who played the AVG alone.26

In addition to the enjoyment involved in AVG play, youth are able to perceive that they are 

exerting energy while playing AVGs. Research found that children’s perceived exertion 

during DDR and Wii Sports Boxing was higher than walking moderately on a treadmill.24 

Young adults who played DDR continued to play the game because of the health benefits of 

improved coordination and rhythm and continued to play because they felt personally 
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challenged.27 Perceived exertion and challenge may be important factors in helping children 

build self-efficacy in their own physical fitness abilities.

Current study

The specific aim of our feasibility trial was to examine if a 6-week AVG intervention 

increased adolescents’ physical fitness, exercise self-efficacy, intention to exercise, and 

perceived social support for exercise. We had 2 hypotheses.

Hypothesis 1: Based on previous research indicating youth can exert energy after 

AVG interventions, it was hypothesized that youth would increase their physical 

fitness from pre- to post-intervention.

Hypothesis 2: Prior evidence indicates that as children increase their physical fitness, 

there may be concimitant benefits such as increased enjoyment and self-efficacy in 

physical ability. Therefore, it was hypothesized that participants would increase their 

intention to exercise, exercise self-efficacy and perceived social influences from pre- 

to post-intervention.

METHODS

Context and setting

The research study took place at a 6-week summer camp targeting a poverty-impacted 

neighborhood in New York City (NYC) serving black non-Hispanic, black Hispanic and 

Hispanic youth during the summer of 2010. The program took place at a school that serves 

youth who are 100% eligible for free and reduced lunch and almost half (44%) of the 

families in the neighborhood live below the Federal Poverty Level, making it the poorest 

neighborhood in NYC.28 In addition, the neighborhood has the highest level of 

unemployment, the highest jail incarceration rate (4 times the average), and the third highest 

number of violent crimes in NYC.28 In terms of health, the neighborhood fares more poorly 

than the average NYC neighborhood with the highest prevalence of obesity (35% of the 

population) and diabetes (16% of the population).28

The youth development program, which provides summer enrichment and youth 

development opportunities serving over 400 youth from the neighborhood each summer, was 

seeking ways to increase physical activity for their participants. Summer camp 

administrators were interested in including AVG sessions into the program, as they identified 

several barriers to exercise for the youth in their program. First, the program had limited 

access to safe outdoor spaces because of high crime.20 Second, the program had limited 

indoor spaces that could be used for movement-based activities. The one gym in the building 

had to accommodate all 400 youth in the summer program as well as other youth 

development programs. Third, the summer camp staff found it difficult to motivate the youth 

in the program to exercise. Program staff stated that many of the youth did not like 

exercising or playing sports, and they disliked going outside because it was dirty and unsafe. 

AVG sessions were an appealing addition to the summer camp program administrators 

because the games provided an alternative, enjoyable activity that would get youth 

physically moving in a classroom.
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Participants

The participants were 126 adolescents aged 10-to-15 years (M = 12.60 years, SD = 1.7; 

51.6% female). Parents were asked to write in their ethnicity on a demographic survey; 

however, 40% of parents did not respond to this question. Of those who responded, parents 

self-identified as 36.4% Hispanic, 26% black, 12% African-American, 6.5% Spanish, 6.5% 

African, 4% black Hispanic, 4% Latino, 3% Dominican, 1.3% Puerto Rican, and 1.3% 

biracial. Due to the large amount of missing data, ethnicity was not included in the analyses. 

Consent was obtained from parents before the study began. Youth participants provided oral 

and written assent before the first session and were informed that they could drop-out of the 

study at any point during the summer while still having the option of attending the AVG 

sessions.

Materials

Nintendo Wii Fit—The intervention utilized Nintendo’s Wii Console and the Wii Fit AVG. 

Wii Fit, an exercise-based game based on controlled movements, is played using a balance 

board. Players stand on the balance board and games require physical motion, core strength, 

and balance. Some games require arm movements; therefore, players hold the Wiimote 

controller while playing. A motion-sensor bar placed on top of the television detects 

movements through the Wiimote and Wii Fit.

Nintendo games—Children played a variety of Wii Fit aerobics games and balance 

games, including hula-hoop, step aerobics and jogging. The game was Wii Fit Plus, which is 

rated “E” for everyone. The games were accompanied by music and had audio and visual 

instructions and cues throughout the exercise. The game provided progress screens at the 

end of each exercise. Progress was tracked with level achieved (number of stars or points 

accrued) and fitness achievement (calories burned).

Procedure

Youth participated in a one-hour class session each week for 6 weeks during summer camp. 

Sessions took place in a classroom with 8 stations equipped with a flat screen 32-inch 

television, Nintendo Wii game console, 2 Wiimotes, and a Wii Fit balance board. Children 

were randomly split into dyads and assigned stations for the summer. Each child played the 

games for a 30-minute work-out within the hour-long session. Each child played at her or his 

own station while her or his partner helped record the child’s progress. Camp counselors 

accompanied the children to the sessions and were present to support the children in these 

sessions. A trained research assistant who had a master’s degree in physical education and 

was a licensed teacher by the State of New York led the sessions. During the first session, 

the research assistant administered the baseline physical activity and media use surveys, 

measured BMI, and conducted the fitness measures. Youth followed the specific exercise 

routine designed by the investigator for the day by recording their progress on their exercise 

log. The last session was conducted during the sixth week of the summer program. During 

the last session the research assistant administered the follow-up physical activity and media 

use surveys, measured BMI, and conducted the fitness measures again.
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Weekly fitness games—In each session, the participants played 3 games: Hula Hoop 

Basic or Super Hula Hoop, Table Tilt, and Basic Step. After completing their weekly games, 

participants played several other games. By the end of the sessions, participants had played 

all Wii Fit games available. As a warm-up, participants played Hula Hoop Basic (for one 

minute in week 1) or Super Hula Hoop (for 3 minutes in weeks 2 to 6). The goal of these 

games is to spin the hula-hoop as many times as possible in the designated time frame while 

keeping a steady quick motion and center of balance. The Table Tilt game, which requires 

balance and spatial relations, was the second game participants played weekly. The goal was 

to navigate one or more balls through a maze using center of balance. The game increases 

with difficulty as players are successful. Youth played the Table Tilt game for as long as they 

were successful at the game and kept advancing levels. The third game participants played 

weekly was the game Advanced Step. The advanced step requires stepping up and down on 

to the Wii Fit balance board in a variety of directions to the music. After they had played the 

3 designated games, participants were able to choose different Wii Fit Plus games that 

worked on balance and fitness for about 10 minutes each session. For example, participants 

could choose an obstacle course game in which the participant runs in place on the balance 

board to negotiate various obstacles.

Outcomes Measures

Physical fitness—Two physical fitness measures were administrated pre- and post-

intervention: sit-ups and step-ups. Sit-ups were selected as a fitness assessment that 

measures abdominal strength and endurance, given the Wii Fit games require balance and 

core strength, and because sit-ups can be compared to the national Presidential Fitness 

Guidelines.29 Participants were partnered with a peer. Partner 1 was instructed to lie on the 

ground with her or his knees flexed and feet about 12 inches from her or his buttocks and 

arms crossed so that hands were placed on opposite shoulders. Sit-ups required participants 

to curl their trunk until their elbows touched their thighs and then lower back to the floor 

until their shoulders touch the floor. Partner 2 was instructed to hold Partner 1’s feet and 

count the number of sit-ups aloud. The research assistant demonstrated the movement, and 

staff assisted to ensure all youth understood the motion. Only complete sit-ups were 

counted. The research assistant called out “Ready? Go!” and timed the participants for one 

minute then called out “Stop” at the end of one minute. The research assistant recorded the 

number of sit-ups each participant completed.

Step-ups, an exercise that measures cardiovascular endurance, was measured at baseline and 

at the end of the study. This exercise was conducted using the Wii Fit’s Free Step Game, 

which had participants step on and off the Wii Fit balance board for 3 minutes. Youth were 

instructed to step up with one foot and then the other and then step down with one foot 

followed by the other, while trying to maintain a steady consistent 4-count pace, “up, up, 

down, down.” At the end of the 3 minutes, the Wii Fit, displayed the total number of step-

ups the participant completed, which was recorded by the research assistant and summer 

camp staff.

Reynolds Influences of Physical Activity—The Reynolds Influences on Physical 

Activity scales30 were used to measure youth’s attitudes towards physical activity. The 3 
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subscales have been reliable and valid psychosocial predictors of physical activity: self-

efficacy (α = 0.89), intention to exercise (α = 0.68), and social influences (α = 0.55).30,32 

Combined, these scales cover barriers to adolescents’ physical activity.31 Participants rate 

the 13 items are rated on a 1 (strongly agree) to 6 (strongly disagree) scale. Example 

questions include “I am confident that I can motivate myself to exercise even when I am 

feeling down” (self-efficacy), “I intend to get regular exercise when I am older” (intention to 

exercise), and “Other members of my family exercise regularly” (social influence). 

Relatively well internal consistence was found: self-efficacy (8 items; α =0.91), youth’s 

intention to exercise (3 items; α =0.79), and social influence (2 items; α =0.57).

Post-intervention survey—At the end of the intervention, participants took a survey of 5 

questions that measured their experience with Wii Fit. First, participants responded to the 

question, “How much did you like playing Wii Fit?” on a 4-point scale from 1 (really don’t 
like playing) to 5 (really like playing). Then participants rated how easy the Wii Fit was to 

use from 1 (very difficult) to 5 (very easy). Participants answered if they thought the Wii Fit 

was a good activity to have at school in physical education classes, rated from 1 (worst 
activity) to 5 (great activity). Finally, participants indicated if they believed Wii Fit could 

help other children get fit, if Wii Fit helped them get fit, and if Wii Fit made them more 

physically active. These questions were rated on a 1 (strongly disagree) to 5 (strongly agree) 

scale.

Covariates and Descriptive Characteristics

Media use surveys—Participants completed a media use questionnaire on their attitudes 

about and exposure to media, household media environment and media habits. This 

questionnaire was based on a media survey for children.32 Participants were asked if they 

had ever played Wii Fit before and how often they had played previously, which was rated 

from 1 (played once or twice) to 5 (play almost daily) scale.

The Physical Activity Questionnaire for Children—The Physical Activity 

Questionnaire for Children (PAQ-C), a reliable and valid measure of physical activity levels, 

was used to measure participants exercise habits prior to the intervention (α = 0.83).33,34 

Regular exercise was defined as 3 times or more per week for 20 minutes or longer. 

Participants circled “yes” or “no” for each of the following questions: I currently exercise; I 

intend to exercise in the next 6 months; I currently exercise regularly; and I have exercised 

regularly for the past 6 months.

Body mass index—Weight was measured to the nearest 0.1 kg privately by the research 

assistant using a digital Tanita Body Composition Scale. Height was measured using the US 

Centers for Disease Control and Prevention35 recommendations to the nearest 0.1 

centimeter. BMI (kg/m2) was used as a covariate in the analysis, and BMI percentiles were 

calculated from the CDC SAS macro program based on the sex, height, and age of the child.
36
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Data Analysis

Data analyses were performed in SAS Version 9.4. A mixed-effect linear regression model 

was used to model the baseline and follow-up responses using an intent-to-treat approach. 

Sex, age, BMI, previous experience playing Wii Fit and intention to exercise at baseline 

were used as covariates and chosen a priori. The primary reason for including these 

covariates in the model was to account for potential differences in response. Correlation 

between times was adjusted for using an unstructured covariance matrix. Time differences 

were assessed using the least square means estimated from the mixed model.

RESULTS

Preliminary Analysis

Descriptive statistics of baseline covariates are as follows. About half of the sample had 

prior experience playing Wii Fit (48%). Most participants reported that they currently 

exercise (68%) and intend to continue exercising for the next 6 months (62%). However, 

fewer participants reported exercising regularly (48%) or had exercised regularly for the 6 

months prior to the intervention (38%). The average BMI before the intervention was 21.60 

(SD = 5.30) and at the end of the intervention was 21.16 (SD = 6.17). BMI percentiles 

indicated that 60% of participants were normal weight (below the 85th percentile), 17% were 

overweight (85th to 95th percentile), and 23% were obese (95th percentile or higher).

Change in Fitness and Barriers to Physical Activity

A mixed-effects regression model controlling for sex, age, BMI, previous experience playing 

Wii Fit and prior regular exercise covariates at baseline showed significant changes in fitness 

(Table 1) and barriers to physical activity (Table 2). The number of sit-ups significantly 

increased from pre- (M = 25.00, SE = 1.15) to post-intervention (M = 30.00, SE = 1.48) (p = 

0.003). The number of step-ups from pre- (M = 103.00, SE = 3.82) to post-intervention (M = 

132.00, SE = 4.93) significantly increased (p <0.001). There was also a significant increase 

from pre- (M = 2.38, SE = 0.09) to post-intervention (M = 2.77, SE = 0.13) in self-efficacy 

(p = 0.005). Intention to exercise increased from pre- (M = 2.04, SE = 0.09) to post-

intervention (M = 2.46, SE = 0.12) (p = .002). Social support for physical activity also 

significantly increased from pre- (M = 2.39, SE = 0.09) to post-intervention (M = 2.76, SE = 

0.13) (p = .014).

Post-intervention Enjoyment and Perceptions

After the intervention, most participants reported high levels of satisfaction with the 

intervention; almost all participants indicated that they liked or really liked playing Wii Fit 

(90%). Most participants found the Wii Fit easy to use (70%). Participants also thought Wii 

Fit would be a good activity at school in physical education classes (80%). Most participants 

believed that children could become fit by playing Wii Fit (80%). When rating their own 

fitness experience during the intervention, participants believed that Wii Fit helped them get 

fitter (72%) and thought it helped them be more physically active overall (66%).
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DISCUSSION

We demonstrated that AVGs are a feasible and enjoyable fitness activity for youth. Changes 

in youth’s fitness, self-efficacy, intention to exercise and social support were observed after a 

30-minute, weekly AVG session for 6 weeks. In addition, youth reported high levels of 

enjoyment and perceived the AVG as a viable way to increase fitness. Cardiorespiratory 

fitness improved in these youth, including an average 20% increase in sit-ups and 28% 

increase in step-ups. The improvement in sit-ups from 25 to 30 per minute is an 

improvement from marginal to good fitness for boys and a maintenance of good fitness for 

girls.37 However, these scores are all below the 85th percentile according to the national 

norms for the Presidential Physical Fitness Award.29 In one of the only studies published on 

fitness improvements following AVG interventions, Gao et al20 did not observe 

improvements in a 0.5 mile run after a 6-week AVG intervention for urban elementary 

students. Our study presents novel data on improvements in fitness following a 6-week AVG 

intervention, with the noted limitation that there was no control group for comparison.

Despite the lack of a control group, including AVG sessions in a youth development 

program that had limited access to safe outdoor spaces and limited large indoor spaces for 

physical activity reduced some of the external barriers to youth participation in physical 

activity. In addition, the community atmosphere and support from peers and staff may have 

reduced some of the key psychosocial barriers to physical activity.18 Children in this AVG 

intervention increased in self-efficacy, intention to exercise, and perceived social support to 

exercise. Improving youth’s self-efficacy is an important step in increasing physical activity 

as research has found that children with high self-efficacy engage in physical activities and 

exercise more than their peers.30,31 Intention to exercise and perceived social support are 

also important factors in increasing the physical fitness of youth, as individuals’ intention to 

perform an action, such as a physical activity, is influenced by both their attitude toward the 

action and their perception of social norms.38 For instance, a child who intends to engage in 

physical activity but believes her or his friends would discourage it will be less likely to 

engage in the activity. On the other hand, a child who dislikes physical activity but perceives 

fitness to be the social norm may be more likely to engage in the activity.

A strength of the current study is that it was conducted in an authentic community-based 

setting with a population of youth that is often under-served and under-researched.18 School 

and aftercare programs need innovative fitness programs, particularly considering black non-

Hispanic, black Hispanic, and Hispanic youth, as well as youth from high poverty 

backgrounds, are more at risk for obesity their white middle class counterparts.7 

Consequently, programs that increase cardiorespiratory fitness for these youth have potential 

to reduce health disparities.

Limitations

We demonstrated the feasibility of using AVGs in community-based settings; however, the 

findings should be interpreted with the following limitations considered. First, there was no 

comparison or control group, so it is not known if the fitness improvements and other 

changes were due to external factors like natural growth or participation in the summer 

camp. Youth may have been more active over the course of the summer and the youth 
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development program had other movement-based activities. Second, the measures of 

previous exercise and barriers to physical activity were self-reported, though these measures 

have been validated with this age range. Third, there were no follow-up data collected to 

ascertain if students’ interest in the Wii Fit activities sustained after the summer camp ended. 

Prior studies have indicated that youths’ interest typically wanes in specific active video 

games,39,40 though one trial achieved 79% adherence to 36 hours of AVGs over a 12-week 

period23 and another trial sustained adolescents’ engagement to weekly AVG play for a 20-

week period.22 Future research should investigate potential sustainability of AVG play after 

an intervention ends.

Finally, the current study did not use a measure of energy expenditure, such as an 

accelerometer or heart-rate monitor; thus, the extent of participants’ actual energy 

expenditure is unknown. However, a body of research conducted in controlled laboratory 

settings has demonstrated that AVGs can provide moderate to vigorous physical activity.
41–43 which means it is likely that participants in the current study were exerting energy at a 

moderate to vigorous intensity. Indeed, participants themselves reported a belief that the Wii 

Fit activities could increase their own physical fitness. Future research should investigate 

other potential health outcomes from extended AVG play including improvements in 

markers of cardiovascular and metabolic health and maximal cardiorespiratory fitness using 

a treadmill or cycling test.

Conclusion

We found evidence that AVGs are an enjoyable exercise intervention that can improve 

adolescents’ fitness and attitude towards physical activity. The study took place in a poverty-

impacted neighborhood in NYC with few opportunities for physical activity. To increase 

physical activity for youth, interventions need to be enjoyable, set feasible goals and 

improve self-monitoring.18 AVGs may be a viable way to increase physical activity in school 

and community-settings, particularly for youth who face barriers to traditional exercise 

options

IMPLICATIONS FOR SCHOOL HEALTH

Research shows that youth may be inactive due to few safe outdoor spaces, inadequate in-

school physical activity or lack of access to facilities in schools or community-based 

programs.44 Schools are a key setting for making physical activity more accessible for youth 

and reducing health disparities, however schools in poverty-impacted neighborhoods often 

do not have the resources or facilities to address and reduce all the barriers to exercise. There 

is a need for affordable interventions that are contextually flexible, yet enjoyable to children 

of all ages. AVG are a fairly low cost and portable exercise solution that can take place in 

smaller spaces, such as a classroom. This type of program could be executed by the school 

or in partnership with a community-based organization as it could occur at recess or before 

or after school. In addition, AVGs could be incorporated into physical education classes as 

part of a comprehensive fitness program. In the current study a licensed physical education 

teacher supervised the program; however, that is not necessary for implementation as the 

AVG provides direction and support. AVGs are enjoyable for all ages and this program could 
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be implemented in elementary or secondary schools. Implementing an AVG program into 

schools, especially in poverty-impacted neighborhoods, is a convenient solution for reducing 

barriers to physical activity.
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Acknowledgments

The authors thank Oasis Children’s Services LLC, New York, NY. AES and RAB are supported in part by U54 
GM104940 from the National Institute of General Medical Sciences of the National Institutes of Health, which 
funds the Louisiana Clinical and Translational Science Center. The content is solely the responsibility of the authors 
and does not necessarily represent the official views of the National Institutes of Health.

References

1. Troiano RP, Berrigan D, Dodd KW, Masse LC, Tilert T, McDowell M. Physical activity in the 
United States measured by accelerometer. Med Sci Sports Exerc. 2008; 40(1):181–188. [PubMed: 
18091006] 

2. US Department of Health and Human Services. 2008 Physical Activity Guidelines for Americans. 
Washington, DC: US Government Printing Office; 2008. 

3. Jimenez-Pavon D, Kelly J, Reilly JJ. Associations between objectively measured habitual physical 
activity and adiposity in children and adolescents: systematic review. Int J Pediatr Obes. 2010; 5(1):
3–18. [PubMed: 19562608] 

4. Daniels SR. Complications of obesity in children and adolescents. Int J of Obes. 2009; 33(S1):S60–
65.

5. Lo JC, Chandra M, Sinaiko A, Daniels SR, Prineas RJ, Maring B, et al. Severe obesity in children: 
prevalence, persistence and relation to hypertension. Int J Pediatr Endocrinol. 2014; 2014(1):3. 
[PubMed: 24580759] 

6. Gahche J, Fakhouri T, Carroll DD, Burt VL, Wang CY, Fulton JE. Cardiorespiratory fitness levels 
among U.S. youth aged 12–15 years: United States, 1999–2004 and 2012. NCHS Data Brief. 2014; 
(153):1–8.

7. Bai Y, Saint-Maurice PF, Welk GJ, Allums-Featherston K, Candelaria N. Explaining disparities in 
youth aerobic fitness and body mass index: relative impact of socioeconomic and minority status. J 
Sch Health. 2016; 86(11):787–793. [PubMed: 27714871] 

8. Swift DL, Staiano AE, Johannsen NM, Lavie CJ, Earnest CP, Katzmarzyk PT, et al. Low 
cardiorespiratory fitness in African Americans: a health disparity risk factor? Sports Med. 2013; 
43(12):1301–1313. [PubMed: 23982718] 

9. Tergerson JL, King KA. Do perceived cues, benefits, and barriers to physical activity differ between 
male and female adolescents? J Sch Health. 2002; 72(9):374–380. [PubMed: 12557633] 

10. Ogden CL, Carroll MD, Lawman HG, Fryar CD, Kruszon-Moran D, Kit BK, et al. Trends in 
obesity prevalence among children and adolescents in the United States, 1988–1994 through 
2013–2014. JAMA. 2016; 315(21):2292–2299. [PubMed: 27272581] 

11. Kaplan JP, Liverman CT, Kraak VI. Preventing Childhood Obesity: Health in the Balance. 
Washington, DC: National Academies Press; 2004. 

12. Watts K, Jones TW, Davis EA, Green D. Exercise training in obese children and adolescents: 
current concepts. Sports Med. 2005; 35(5):375–392. [PubMed: 15896088] 

Flynn et al. Page 10

J Sch Health. Author manuscript; available in PMC 2019 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



13. LeBlanc AG, Chaput J-P, McFarlane A, Colley RC, Thivel D, et al. Active video games and health 
indicators in children and youth: a systematic review. PLoS One. 2013; 8(6):e65351. [PubMed: 
23799008] 

14. Staiano AE, Calvert SL. Exergames for physical education courses: physical, social, and cognitive 
benefits. Child Dev Perspect. 2011; 5(2):93–98. [PubMed: 22563349] 

15. Baranowski T, Buday R, Thompson DI, Baranowski J. Playing for real: video games and stories for 
health-related behavior change. Am J Prev Med. 2008; 34(1):74–82. [PubMed: 18083454] 

16. Staiano AE, Abraham AA, Calvert SL. Motivating effects of cooperative exergame play for 
overweight and obese adolescents. J Diabetes Sci Technol. 2012; 6(4):812–819. [PubMed: 
22920807] 

17. Durant N. Childhood obesity: harnessing technology for prevention and treatement. Bariatr Nurs 
Surg Patient Care. 2009; 4(3):157–159.

18. Kahn EB, Ramsey LT, Brownson RC, Heath GW, Howze EH, Powell KE, et al. The effectiveness 
of interventions to increase physical activity: a systematic review. Am J Prev Med. 2002; 22:73–
107. [PubMed: 11985936] 

19. Flynn RM, Richert RA, Staiano AE, Wartella E, Calvert SL. Effects of active video game play on 
EF in children and adolescents at a summer camp for low income youth. J Educ Develop Psychol. 
2014; 4(1):209–225. [PubMed: 25328562] 

20. Gao Z, Lee JG, Pope Z, Zhang D. Effect of active videogames on underserved children’s classroom 
behaviors, effort, and fitness. Games Health J. 2016; 5(5):318–324.

21. Maddison R, Foley L, Ni Mhurchu C, et al. Effects of active video games on body composition: a 
randomized controlled trial. Am J Clin Nutr. 2011; 94(1):156–163. [PubMed: 21562081] 

22. Staiano AE, Abraham AA, Calvert SL. Adolescent exergame play for weight loss and psychosocial 
improvement: a controlled physical activity intervention. Obesity. 2013; 21(3):598–601. [PubMed: 
23592669] 

23. Staiano AE, Marker AM, Beyl RA, Hsia DS, Katzmarzyk PT, Newton RL. A randomized 
controlled trial of dance exergaming for exercise training in overweight and obese adolescent girls. 
Pediatr Obes. 2017; 12(2):120–128.

24. Graf DL, Pratt LV, Hester CN, Short KR. Playing active video games increases energy expenditure 
in children. Pediatrics. 2009; 124(2):534–540. [PubMed: 19596737] 

25. Mark R, Rhodes RE, Warburton DE, Bredin SS. Interactive video games and physical activity: a 
review of the literature and future directions. The Health & Fitness Journal of Canada. 2008; 1(1):
14–24.

26. Chin A, Paw MJ, Jacobs WM, Vaessen EP, Titze S, van Mechelen W. The motivation of children to 
play an active video game. J Sci Med Sport. 2008; 11:163–166. [PubMed: 17706461] 

27. Hoysniemi J. International survey on the dance dance revolution game. Computers in 
Entertainment. 2006; 4(2):1–30.

28. NYC Health. [Accessed July 4, 2018] Community Health Profiles 2015, Bronx Community 
District 3: Morrisania and Crotona. 2015. Available at: https://www1.nyc.gov/assets/doh/
downloads/pdf/data/2015chp-bx3.pdf

29. [Accessed December 1, 2017] President’s Challenge: Physical Activity & Fitness Awards Program 
2009–2010. We are all Americans stronger together. Available at: http://
www.newton.k12.in.us/hs/pe/images/physical-fitness-guide.pdf

30. Reynolds KD, Killen JD, Bryson SW, Maron DJ, Taylor CB, Maccoby N, Farquhar JW. 
Psychosocial predictors of physical activity in adolescents. Prev Med. 1990; 19(5):541–551. 
[PubMed: 2235921] 

31. Saunders RP, Pate RR, Felton G, Dowda M, Weinrich MC, Ward DS, et al. Development of 
questionnaires to measure psychosocial influences on children’s physical activity. Prev Med. 1997; 
26(2):241–247. [PubMed: 9085394] 

32. Rideout V, Foehr U, Roberts D. Generation M2: Media in the Lives of 8- to 18-Year-Olds. Menlo 
Park, CA: Kaiser Family Foundation; 2010. 

33. Kowalski KC, Crocker PRE, Donen RM. The Physical Activity Questionnaire for Older Children 
(PAQ-C) and Adolescents (PAQ-A) Manual. Saskatoon, SK (Canada): University of 
Saskatchewan; 2004. 

Flynn et al. Page 11

J Sch Health. Author manuscript; available in PMC 2019 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www1.nyc.gov/assets/doh/downloads/pdf/data/2015chp-bx3.pdf
https://www1.nyc.gov/assets/doh/downloads/pdf/data/2015chp-bx3.pdf
http://www.newton.k12.in.us/hs/pe/images/physical-fitness-guide.pdf
http://www.newton.k12.in.us/hs/pe/images/physical-fitness-guide.pdf


34. Kowalski KC, Crocker PRE, Faulkner RA. Validation of the Physical Activity Questionnaire for 
Older Children. Pediatr Exerc Sci. 1997; 9(2):174–186.

35. US Centers for Disease Control and Prevention (CDC). [Accessed December 1, 2017] Measuring 
Children’s Height and Weight Accurately at Home. 2015. Available at: http://www.cdc.gov/
healthyweight/assessing/bmi/childrens_bmi/measuring_children.html/#Height

36. US Centers for Disease Control and Prevention. [Accessed December 1, 2017] Growth Chart 
Training. 2016. Available at: http://www.cdc.gov/nccdphp/dnpao/growthcharts/resources/sas.htm

37. Corbin CB, Lindsey R. Fitness for Life. Champaign, IL: Human Kinetics; 2005. 

38. Ajzen I, Fishbein M. Understanding Attitudes and Predicting Social Behavior. Englewood-Cliffs, 
NJ: Prentice-Hall; 1980. 

39. Madsen KA, Yen S, Wlasiuk L, Newman TB, Lustig R. Feasibility of a dance videogame to 
promote weight loss among overweight children and adolescents. Arch Pediatr Adolesc Med. 
2014; 161(1):105–107.

40. Daley AJ. Can exergaming contribute to improving physical activity levels and health outcomes in 
children? Pediatrics. 2009; 124(2):763–771. [PubMed: 19596728] 

41. Barnett A, Cerin E, Baranowski T. Active video games for youth: a systematic review. J Phys Act 
Health. 2011; 8(5):724–737. [PubMed: 21734319] 

42. Biddiss E, Irwin J. Active video games to promote physical activity in children and youth: a 
systematic review. Arch Pediatr Adolesc Med. 2010; 164(7):664–672. [PubMed: 20603468] 

43. Peng W, Lin JH, Crouse J. Is playing exergames really exercising? A meta-analysis of energy 
expenditure in active video games. Cyberpsychol Behav Soc Netw. 2011; 14(11):681–688. 
[PubMed: 21668370] 

44. Biddle SJ, Gorely T, Marshall SJ, Murdey I, Cameron N. Physical activity and sedentary behaviors 
in youth: Issues and controversies. J R Soc Promot Health. 2004; 124(1):29–33. [PubMed: 
14971190] 

Flynn et al. Page 12

J Sch Health. Author manuscript; available in PMC 2019 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.cdc.gov/healthyweight/assessing/bmi/childrens_bmi/measuring_children.html/#Height
http://www.cdc.gov/healthyweight/assessing/bmi/childrens_bmi/measuring_children.html/#Height
http://www.cdc.gov/nccdphp/dnpao/growthcharts/resources/sas.htm


A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Flynn et al. Page 13

Table 1

Fully Adjusted Mixed Effect Linear Regression Models of Change in Primary Fitness Variables after the 6-

week Exergaming Intervention

Sit Ups Step Ups

B p-value B p-value

Time 5 ± 2 .003 29 ± 6 <.001

Sex (Boy) 5.0 ± 2.0 .003 −0.6 ± 5.5 .917

BMI −0.5 ± 0.2 .004 −0.5 ± 0.5 .366

Age 0.7 ± 0.5 .220 7.2 ± 2.0 <.0001

Previously Played Wii Fit −4.0 ± 2.0 .024 −8.0 ± 5.6 .154

I currently exercise 1.7 ± 2.4 .485 3.7 ± 7.6 .629

I intend to exercise in the next 6 months −4.5 ± 2.0 .027 −4.6 ± 6.4 .479

I currently exercise regularly −0.2 ± 2.2 .91 0.4 ± 7.0 .955

I have exercised regularly for the past 6 months −2.6 ± 2.0 .203 −21.0 ± 6.5 .002
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