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Abstract

Childhood obesity is a global epidemic. Health videogames are an emerging intervention strategy to combat
childhood obesity. This systematic review examined published research on the effect of health videogames on
childhood obesity. Fourteen articles examining 28 health videogames published between 2005 and 2013 in
English were selected from 2433 articles identified through five major search engines. Results indicated that
academic interest in using health videogames for childhood obesity prevention has increased during this time.
Most games were commercially available. Most studies were of short duration. Diverse player and game play
patterns have been identified. Most studies involved players of both genders with slightly more boys. The
majority of players were non-white. Most studies had the players play the games at home, whereas some
extended the play setting to school and sports/recreational facilities. Most of the games were commercially
available. Positive outcomes related to obesity were observed in about 40 percent of the studies, all of which

targeted overweight or obese participants.

Introduction

HILDHOOD OBESITY IS A WORLDWIDE problem,1 which

increases the risk of various cancers,? shortens lifespan,3
impedes functional abili’cy,3 diminishes quality of life,®> and
increases the likelihood for adult morbidity.* Dietary and
physical activity (PA) behaviors,>® including moderate to
vigorous PA, fruit and Vege’cable8 and water intake,” con-
sumption of family meals,'” sugar-sweetened beverages,'!
whole grain foods,'? and fast food,'® have been related to
childhood obesity. Many obesity prevention programs have
not produced the desired effect.'* Videogames offer an
innovative alternative that have induced positive health
behavior changes among children,'® such as increased fruit
and vegetable intake'® and PA."” Because the definitive obe-
sogenic behaviors have not been clearly identified,'® it would
be valuable to show whether health videogames change be-
haviors thought to be obesity-related. Once the obesogenic
behaviors have been identified, health videogames could be
used to promote obesity prevention behaviors in fun and
effective ways.

Previous reviews of health videogame research focused on
different health outcomes'®'*!; none focused on obesity-
related outcomes among children. This article systematically
reviews research on health videogames’ influence on child-
hood obesity and related behaviors.

Materials and Methods

Data sources

We started this process by generating a definition of
“health videogames,” progressing to an analysis of individual
articles and data extraction. A health videogame was defined
as an interactive digital program or application designed for
promoting health and wellbeing as part of its goals. To ensure
a comprehensive scope of inclusion, two search cycles were
performed between 2010 and 2013. The first cycle was con-
ducted as part of a larger systematic review that examined
general health videogame research published before 2011,
whereas the second cycle identified additional works pub-
lished between 2011 and March 2013.

For the first review cycle, four independent reviewers with
different academic backgrounds participated in article selec-
tion and data extraction to ensure a fair and comprehensive
coverage of health videogame research; inter-rater reliability
was assessed. Five search engines—PubMed, EBSCO, IEEE/
ACM, Google Scholar, and Health Game Research Data-
base”*—were searched between October 2010 and April 2011
with key words ((Health OR Rehab*) OR (Exer* OR Acti*) OR
Edu* OR Behav* OR Serious OR (Virtual AND Reality))
AND ((Interactive OR Computer OR Video OR Multimedia
OR Internet OR Online) AND Gam*) with the intention of
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capturing most or all of the research articles written in English
on health videogames published in peer-reviewed journals
and conference proceedings up to 2011. Each reviewer gen-
erated an independent list of articles.

The inclusion criteria®’ were as follows: (1) The primary
purpose of the study was improving or maintaining health;
(2) one or more health videogames were used as the primary
intervention; (3) the study incorporated quantitative
measures of outcomes; (4) the study was designed for the
healthcare-receiver population (e.g., overweight elementary
school students) instead of healthcare providers (e.g., ortho-
pedic surgeonsz3); and (5) the publication was an original
study, not a review of other studies.

For the first review cycle, 2024 articles were identified by
reviewers from the five search engines. The articles were re-
duced to 396 articles to avoid duplication. The abstracts of the
396 articles were retrieved and screened using the inclusion
criteria. If an abstract did not provide adequate information,
the reviewers read the article in full. Consensus on coding
results was reached through in-depth discussion. Manual
searches were also performed on all of the selected articles’
reference lists to ensure inclusion of all eligible articles. In
total, 149 articles on health videogame research were re-
tained. A scoping overview was published elsewhere.?! The
authors then re-examined the full text of the 149 articles and
identified 9 health videogame research articles. To qualify for
this systematic review, a health videogame research article
had (1) to target participants 18 years or younger and (2) to
include one or more of the following obesity-related mea-
sures as part of the outcome measures,'" such as body mass
index (BMI), BMI z-score/percentile/standard deviation (SD)
score, triceps skinfold thickness, waist circumference, waist-
to-hip /height ratio, or bioelectrical impedance analysis.

To ensure that the articles included recent health video-
game research, a second review cycle was conducted in
March 2013 by two of the four independent reviewers fol-
lowing a new protocol: the same five search engines were
searched with the same key word string plus “Or Obesity”
related publications published between 2011 and March 2013.
After duplicates were eliminated, in total, 409 additional
articles on health videogame or obesity research were iden-
tified. The 409 articles’ abstracts were examined, and 16
publications on health videogame research that specifically
targeted obesity prevention were identified. The inclusionary
criteria for this systematic review were then applied. Eight
health videogame studies for childhood obesity prevention
and intervention were identified. All of the identified articles
included obesity-related outcome as part of their measures.
Not all of them, however, explicitly intended to change these
outcomes.

The unit of analysis for this systematic review was the in-
tervention or project. If an intervention’s findings were re-
ported in more than one publication, only one publication
was included in this review. Among the 17 articles collected
from both search cycles (9 from the first and 8 from the sec-
ond), another 3 articles were dropped from the systematic
review because they reported the same trial or project that
had already been covered by other articles. In total, 14 articles
representing 14 interventions or projects were included in this
review.

The quality of the included publications was then
measured against a combined version of CONSORT** and
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STROBE® critical analysis frameworks. These frameworks
were combined to accommodate the heterogeneity of the se-
lected articles, which included both randomized and non-
randomized intervention. Duplicate criteria were merged,
and the combined version was eventually simplified to fa-
cilitate the application process. All publications were deter-
mined to have acceptable quality scores matching average
16.7 out of 20 quality criteria of the combined framework.
None was excluded because of quality score.

Figure 1 provides a flowchart of the selection process de-
picting both review cycles.

Data extraction and synthesis

To ensure inter-rater reliability and to authenticate the data
extraction and interpretation quality, four independent re-
viewers participated in a pilot training session by coding 10
percent of the health videogame research articles on behav-
iors other than dietary intake. Differences were resolved by
internal in-depth discussion. Following this, each coder re-
viewed and extracted data from the 14 articles separately.
Data extracted from the selected articles included the fol-
lowing: (1) Publication statistics (publication year); (2) sample
characteristics (size, age, gender, race/ethnicity, weight sta-
tus); (3) research design (location, existence of control group,
game play setting, project duration, intervention episode
duration, intervention episode, total intervention duration);
(4) game characteristics (commercial/noncommercial, plat-
form, online, story, game duration); (5) key intervention
goals; (6) psychological and behavioral change theories; (7)
targeted health behaviors; (8) obesity-related outcome; and
(9) whether the intervention changed the obesity-related
outcome. Extracted results were tabulated in a compiled
Microsoft® (Redmond, WA) Excel spreadsheet for further
analysis. Additional e-mail inquiries seeking additional in-
formation were sent to authors when their articles did not
provide enough details about the studies.

Research questions

Two research questions guided the systematic review: (1)
What were the characteristics of the health videogame studies
on childhood obesity prevention? (2) What aspects of games
led to what outcomes?

Results
High inter-rater consistency was obtained with over 85
percent agreement across variables.
First research question
Table 1 provides a summary of study characteristics.
Year of publication. The number of studies increased

across the years. Most studies were published after 2011
(n=11), with only three published between 2005 and 2007.

Sample size. Half of the studies had a sample of 50 or
fewer (n=7). Around 40 percent included between 100 and
500 participants (n=6).

Age group. Over 70 percent included participants>10
years old (n=10).
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First Cycle

{Published before 2011)
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Second Cycle

{Published between 2011 and March 2013)

Same Database Search for Health
Videogame Research OR Obesity:
409

393 Duplicates
Eliminated
T —

Health Videogame Research
on Obesity: 16

Abstracts Read &
8 Non-Childhood
Obesity Publications
Eliminated

2 Extra Publications
Eliminated

One publication per project: 6

7/

‘ Total Included: 14 |

FIG. 1. Article identification process.
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Childhood Obesity Related: 9
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Eliminated
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One publication per project: 8
e — \
Gender. Over 90 percent recruited both genders (n=13).

Most of the participants were boys (993 of 1663, or 59.7
percent).

Race/ethnicity. Over 70 percent of studies reported the
participants’ race and ethnicity. Studies conducted in Ttaly*®
and The Netherlands'® were assumed to feature all-white
participants and were included in the “Reported category.”
All of the non-Hispanic American participants in another
study'® were coded as white. Although white participants
would be overestimated in these studies, more non-white
(n=592) than white (1=409) participants were included. Of
the non-white participants, more Hispanic American (1 =416)
than African American (1=64) participants were included.

Weight/body composition status. Eight studies (57 per-
cent) did not recruit child participants based on their weight/
body composition status. For example, one study'? used the
20-m shuttle run test and included those with scores below
the median for their age and gender group. The remaining six
studies (43 percent) used BMI percentiles as part of recruit-
ment screening criteria, with one including normal and
overweight children,? three including overweight and obese
children,'%*?° and two including obese children 0r11y.26’30

Location. The United States was the main venue for the
research (70 percent, n=10), compared with two studies in
Europe and two studies in New Zealand.

Design. Over 70 percent of the studies included control
conditions (n=10), compared with the other studies (29 per-
cent) that had a treatment group only.

Game play setting. Home was the most popular perfor-
mance venue (60 percent, n=8). The second most popular
venue was schools (1n=3), followed by sport/recreational
facilities (n=2). Only one study® included multiple venues.

Project duration. Durations of the obesity-related health
videogame research projects were short. Except for one®" that
lasted a year, all were under 30 weeks or less, with 57 percent
taking place in less than 20 weeks (1=8).

Intervention episode duration. Most (86 percent) of the
intervention episodes were under 60 minutes per session
(n=12), with only two studies having longer sessions.

Intervention episodes. The number of intervention epi-
sodes had a wide range (6-168; mean, 69; SD, 56). Around 40
percent of the intervention had 30 episodes or less.

Total intervention duration. The majority (79 percent) of
the obesity intervention durations were between 11 and 60
hours throughout the intervention projects (n=11). Overall,
the interventions were delivered for between 4 and 144 hours
(mean, 36.6 hours; SD, 38.9 hours).

Health behaviors. Two types of health behaviors were
identified in the studies: Nutrition and PA. Most studies fo-
cused on one of the two, with over 70 percent focusing on PA
(n=10). Only two focused on both of the behaviors.? 8

Obesity-related outcome. All studies but one used a
variety of BMI as part of the outcome. Waist circumfer-
ence was the second most popular outcome measure (four
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TABLE 1. CHARACTERISTIC OF STUDIES
Characteristic References® Count %
Year of publication 14 100
2005-2007 6,8,13 3 21
2008-2010 9-12, 14 5 36
2011-March 2013 1-5, 7 6 43
Sample size
0-50 2-4, 8, 11-13 7 50
51-100 9 1 7
101-200 1, 6,10 3 21
>201 5,7, 14 3 21
Age (mean) (years)
<10 2,6,9, 10 4 28
>10 1, 3-5, 7, 8, 11-14 10 72
Gender
Both female and male 1-13 13 93
Male only 14 1 7
Race/ethnicity
Reported /assumed 1-9, 13 10 72
Did not report 10-14 4 28
Weight/body composition status
No distinction or BMI % applied 2,5,6,9,6 10, 12-14 8 57
Normal weight+overweight 1 1 7
Overweight + obese 4,7,11 3 21
Obese 3,8 2 14
Location
Italy 3 1 7
The Netherlands 13 1 7
New Zealand 7,12 2 14
United States 1, 2, 4-6, 8-11, 14 10 72
Design
Treatment/control/crossover 1, 5-7, 9-14 10 72
Treatment only 2,3,4,8 4 28
Game play setting
Field study: Home 1,2,79,11,12, 14 8 58
Field study: School 5, 6,10 3 21
Field study: Sports/recreational facility 3,4 2 14
Field study: Combination 13 1 7
Project duration
<10 weeks 1,4,6,14 4 28
11-20 weeks 3,11, 12,13 4 28
21-30 weeks 2,7,8,9,10 5 36
>31 weeks 5 1 7
Intervention episode duration (minutes)
<60 1,2, 5-14 12 86
61-90 3 1 7
>91 4 1 7
Intervention episodes
<30 1,3,4,6,10, 14 6 42
31-100 2,11-13 4 28
>101 5, 7-9 4 28
Total intervention duration (hours)
<10 10, 14 2 14
11-30 1,4,6,9 11, 13 6 42
31-60 2,3,5 8,12 5 36
>61 7 1 7
Health behaviors
Nutrition 10, 14 2 14
Physical activity 2,3,5-9,11-13 10 72
Nutrition + physical activity 1,4 2 14

(continued)
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TaBLE 1. (CONTINUED)
Characteristic References® Count %
Obesity-related outcome”
BMI (BMI %/ z-score/SDS) 1-12, 14 13 —
Waist circumference 1,3,7,12 4 —
Skinfolds 1,13, 14 3 —
Bioelectrical impedance 2,6,7 3 —
Waist to height ratio 3 1 —
Change in obesity-related outcome
Non-significant 1, 2, 8-10, 12-14 8 58
Partially significant 56 2 14
Significant 3,4,7,11 4 28

aReference numbers: 1, Baranowski et al.?’; 2, Bethea et al.”®; 3, Calcaterra et al.?%; 4, Christison and Khan?®; 5, Gao et al.®'; 6, Goran and
ReynoldsB; 7, Maddison et al.?’; 8, Madsen et al®’; 9, Maloney et al.®%; 10, Moore et al.>®; 11, Murphy et al.'%; 12, Ni Mhurchu et al.>%; 13, Paw

et al.'%; and 14, Thompson et al¥’

PFrequency count: The percentage on the right column is not calculated because of overlapping uses.

BMI, body mass index; SDS, standard deviation score.

publications). Skinfold and bioelectrical impendance mea-
sures were the third most popular (three publications each).
Only one study used waist to height ratio.”®

Change in obesity-related outcome. Four studies found
statistically significant differences in obesity related out-
comes'*?*?%%%; one found a significant reduction in the first
half of the intervention,’! and another found this among girls

only.13

Second research question

Table 2 addresses the second research question and sum-
marizes characteristics of the games and the interventions.
One study did not specify all of the games used.”* Twenty-
eight games were studied in the 14 publications. On average,
each intervention used two games.

Games. Of the 28 games, five were health educational
games, whereas the remaining 23 were all active videogames
or game stations. (Note that these are also known as ex-
ergames, but not all exergames are necessarily health video-
games unless they are used for health purposes.) “Dance
Dance Revolution” (DDR) (Konami Digital Entertainment, El
Segundo, CA) was the most popular game (six studies). Two
used a stand-alone station, and four used the TV console/
dance mat as the platforms.

Commercial. Around 21 percent of the games (1 =6) were
developed by researchers. The rest were commercially
available (n=22).

Platform. Half of the games used commercial game con-
soles (n=14), with seven on the Wii™ from Nintendo (Red-
mond, WA) and another seven on the PlayStation® from Sony
(New York, NY). Around 25 percent of the games (11=7) used
stand-alone stations, such as the Interactive Arena from Ma-
koto (Centennial, CO). The rest (25 percent, n=7) were
computer-based games.

Online. About four of the health videogames (14%) were
online or used the network to transfer research data.

Story. Two games (7 percent) contained stories, whereas
the rest (n=26) did not.

Key intervention goals. Most of the games (1=19) tar-
geted increased moderate to vigorous PA, one game focused
on nutrition only, and four focused on both PA and nutrition.

Theory. All of the six games developed by researchers
had an underlying theoretical framework, including the So-
cial Cognitive Theory, adopted by five games, and Self De-
termination Theory, Behavioral Inoculation Theory,
Elaboration Likelihood Model, and Self-care Deficit Nursing
Theory.

Age. The mean age of the participants/players was 10.9
years (range, 7-18 years; SD=1.6).

Number. The number of participants who played each
game was 120 (range, 20—473; SD=134).

Total intervention duration. On average, each game was
played 18.1 hours (range, 0.7-112 hours; SD, 30.2 hours).

Measurement. All but two studies used both subjective
and objective measurement instruments.

Key findings. Although 8 of the 14 studies did not change
obesity-related outcomes, all but one found significant

change in proximate measures such as the duration of vig-
orous PA. >

Effect size. Of the 14 studies, 3 reported small-to-
moderate (Cohen’s d=0.16-0.5) effect sizes. The rest did not
provide effect size statistics (n=11).

Discussion

All four studies that significantly changed obesity-related
outcomes included children who were overweight or obese.
(None of the four, however, reported the effect size statistics.)
Obesity-related interventions generally have had effects pri-
marily among the overweight and obese participants.**¢
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Both genders were involved in these studies, with an average
age of 11.6 years. In terms of research design, two were pre-
post design, and the other two were treatment-control. All
targeted PAs. One used active games as a small portion of the
intervention,?® but the rest used active games as the main
intervention materials.'®**? Two asked the participants to
play the games at home, whereas the other two used sports or
recreational facilities. All were under 30 weeks in duration.
All have used commercial games instead of developing new
games for the intervention. Except for one'’ that used a DDR
game only, the rest three used multiple games during the
intervention: One used four,?’ one used six,?° and the third
used eight games.”® Part of the reason might be due to the
lack of stories in active videogames in general. Stories could
serve as a powerful motivating strategy to continuously en-
gage players.”” When there was no active videogame with
involving plots, offering players multiple games could be an
alternative way around. Future obesity game developers
could incorporate these findings into the design process.®®

Although the earliest publications on games for health
dated back to 1984, those targeting childhood obesity did
not start until 2005. Increasing numbers of research articles
were published, especially in the United States. This is likely
in accordance with the childhood obesity epidemic in the
country over the recent decades.*’

Whereas some may still consider videogames as being
primarily created for home entertainment,*' health video-
games for childhood obesity prevention have been used be-
yond the home setting.*> Schools and recreational facilities
are becoming popular venues to adopt this medium.*
Computers and game consoles may find their way into the
home and school settings compared with stand-alone gaming
stations, which may be additions to sports and recreational
facilities. None of the studies occurred in laboratories, sug-
gesting that the childhood obesity-related behaviors, nutri-
tion and PA, would be best studied in natural settings with
accessible devices.** Not many games had networking ca-
pacity. In fact, none of the active games had networking ca-
pacity. This may have something to do with the goal of these
games, the mobile portability requirement of the equipment,
and the available measurement devices that could work
without network support. A few sedentary educational
games and no exergame included stories, which may provide
an important motivational aspect with appealing characters
and engaging plots.?’”

Most of the studies had a small sample size, which may
prevent the detection of significant statistical results. Simi-
larly, the intervention episode/duration was also relatively
short. Both the small sample size and short intervention du-
ration could relate to the difficulty of measuring obesity-
related outcomes among many participants repeatedly over
an extended period. Instead of surveys, many studies in-
volved medical devices and biotesting analyses that posed
higher demand for participants” involvement and the cost
from the research side. Indeed, among many health video-
game publications on dietary intake and PA, only 14 articles
included outcome(s) directly related to obesity, and fewer
explicitly intended to change these outcome(s).

All participants were above 7-8 years of age. Children this
age may have developed sufficient cognitive and motor skills
to understand and to play the health videogames by them-
selves.*> This may also have something to do with the fact
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that children of younger ages cannot provide reasonable re-
sponses to survey questionnaires.*® The majority of the par-
ticipants were male, which may echo the composition of the
gamer demographics and the media use among chil-
dren.*'*”*® The majority of the participants were of African
and Hispanic descent, in contrast with the majority white
population. These two populations are more likely to be
influenced by childhood obesity compared with whites*’ and
are also the groups that play the most games.*

Most of the games (75 percent) included in this review
were commercially available. These games could continue to
be played when the research project was completed. Given
game development costs,” the adoption of commercially
available off-the-shelf games could be a sound economical
practice for researchers who are equipped with fewer re-
sources than commercial game developing companies.”" It is
interesting that none of the studies that used commercial
games mentioned any psychological or behavioral theory,
whereas all of the studies developed by researchers men-
tioned the use of psychological and behavioral theories. (It is
worth noting that there are many studies that used com-
mercial games and mentioned psychological or behavioral
theory, but these articles have not been included in this
review.) In addition, most of the commercial games were
exergames or exergaming stations, whereas all researcher-
developed games targeted nutritional behaviors. This could
indicate the gaming industry’s preference for PA behaviors,
which may more easily be integrated with the entertainment
and fun factors than nutritional behaviors. Theories help
provide the basis for understanding behaviors, for designing
interventions, and for new insights into health promotion.** If
some innovative psychological and behavioral theoretical
frames could be developed from commercial games, these
theories could help to inform other health videogames’
development. Indeed, diverse theories may need to be inte-
grated to provide the strongest foundation for behavior
change from health videogames.™® A closer collaboration
between the research and industry may lead to more effective
interventions with broader interest and success.”"

Because of the heterogeneity of the measures and designs,
a meta-analysis was not feasible. Only English language ar-
ticles were included, and the selected articles may also be
subject to publication bias for positive findings.>*

In summary, health videogame research for childhood
obesity prevention and intervention is still in its infancy. The
increasing publication trend suggests the field’s emerging
status. Although sample size, research design, and theoretical
integration all need improvement, it is helpful to see that
health videogame research has found its way into a wider
venue, population, and theoretical spectrum.

Closer collaboration between academic researchers and
professional game development companies could result in
more reusable games that can be applied to a wider audience
for a longer duration to achieve more meaningful impact.
Therefore, research projects could benefit from more support
from the industry, and game production could be enhanced
from a more rigorous design.
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