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Abstract

Objective: Exergames played with a photorealistic avatar may enhance motivation to play, in addition to
frequency, duration, and intensity of game-play. This article reports the feasibility and preliminary efficacy of
an exergame played with a photorealistic avatar on physical activity (PA) intensity in a laboratory-based study.
Materials and Methods: Teens (12–14 years old) were recruited from a large, metropolitan area of the
southwestern United States. Parents provided written informed consent. Teens completed online data collection,
played an exergame with a photorealistic avatar in an observed laboratory setting, and then participated in
postassessment data collection that included online questionnaires and a telephone interview.
Results: The program was feasible: 42 out of 48 teens recruited (87.5%) completed all data collection activities;
game enjoyment was 21.9 – 8.4 out of possible score of 32; immersion, 49.7 – 15.6 out of a possible score of 88;
avatar identification, 43.9 – 16.5 out of a possible score of 68; and program satisfaction, 15.6 – 3.6 out of
possible score of 20. Objectively assessed PA indicated that 15.88 minutes of the laboratory-based gameplay
session (74.9% of total time) was in vigorous PA; small effect sizes were observed in autonomy (ES = 0.45;
P = 0.01) and competence (ES = 0.36; P = 0.03). Little change was observed in relatedness (ES = 0.04; P = 0.82)
Qualitative data confirmed participants enjoyed playing the game with a photorealistic avatar and provided
suggestions to enhance the gameplay experience.
Conclusion: Playing an exergame with a photorealistic avatar holds promise as a method for increasing PA
among youth. Additional research is needed to further explore its effects on gameplay frequency, intensity, and
duration in nonlaboratory setting.
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Background

Federal recommendations for physical activity (PA)1

have been established to promote healthy lifestyles and
reduce risk of obesity2 and other chronic diseases such as
certain cancers,3,4 cardiovascular disease,5 and type 2 dia-
betes.6 National data reveal an alarming picture: few teens
meet the PA recommendation7 and, even more disturbingly,
there is evidence that PA patterns established during youth
track into adulthood.8 Further, although interventions to in-
crease teen PA have had some success in increasing moderate
or vigorous PA, there has been little increase in overall PA.9

Given that this period is a particularly vulnerable time for
PA,10 research is urgently needed to identify ways to increase
teen PA in sustainable ways.

Enjoyable activities are more likely to be maintained.11

Videogames are an enjoyable activity,12 and teens play them
often.13 Exergames are a specific type of interactive video-
game that require body movement to play.14 Evidence re-
garding exergame effectiveness at encouraging PA in children
and teens is equivocal.15 Although there is some evidence
of their short-term effectiveness,15 evidence regarding their
long-term effects on habitual PA is lacking.16 Therefore,
additional research is needed to investigate ways in which
to use this promising approach to promote habitual PA
among teens.

Exergames are typically navigated by an avatar (i.e.,
digital image representing the player during gameplay).17

Evidence suggests that players develop a parasocial rela-
tionship with their avatar.18 Appearance appears to play an
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important role in this relationship, with some research indi-
cating that self-representational avatars (i.e., avatars that
closely resemble the player) are associated with the player
engaging in avatar-protective behaviors. For example, a se-
ries of experiments by Fox and Bailenson19 demonstrated
that an individual’s exercise behavior was modified by its
effect on a virtual representation of self (i.e., weight gain,
loss); this was not observed, however, when the image did
not resemble the participant. They suggested several mech-
anisms through which this may occur, including vicarious
reinforcement and affect. Research with teens revealed fa-
vorable reactions to navigating an exergame with an avatar
that looked like them.13 Therefore, an avatar customized to
the player’s appearance (i.e., photorealistic avatar) may be an
effective method for enhancing PA in an exergame.

Earlier research reported the development of an exergame
for teens that was navigated by a photorealistic avatar cus-
tomized to the player’s appearance.13 The purpose of this
article is to report the results of a laboratory-based pilot study
investigating the feasibility and preliminary efficacy of that
exergame.

Methods

Research design

A one-group design was utilized. Data were collected at
baseline, during laboratory-based gameplay, and post-
intervention. Feasibility data were collected (e.g., recruit-
ment duration, program satisfaction).

Participants and sample size

The recruitment goal was 48 participants, stratified by
gender, BMI, and PA to ensure a diverse sample. Because
there is lack of consensus on acceptable sample sizes for
feasibility studies,20 48 participants were thought to provide
an adequate sample with which to assess feasibility and
preliminary efficacy. Inclusionary criteria included being
12–14 years old; healthy; living in or near Harris County,
TX, and fluent in English. Exclusionary criteria included
having conditions that limited ability to fully participate in
the study (e.g., uncontrolled asthma).

To facilitate stratification, during recruitment self-report
of the teen’s gender (male, female), height (feet), weight
(lbs), and usual PA level (number of days physically active
for q60 minutes a day) were obtained. Height and weight
were used to calculate BMI, informed by the 2000 age and
gender-specific growth charts.21 BMI stratification criteria
were <85th percentile (healthy weight) vs. q85th percentile
(overweight/obese).

Recruitment

Participants in this study were recruited from a large,
metropolitan area in the southwestern United States using the
USDA/ARS Children’s Nutrition Research Center’s volun-
teer database and standard recruitment techniques (e.g.,
newsletter and volunteer website notices). Interested families
contacted the study recruitment coordinator, who explained
the study in detail; she then screened interested families for
eligibility and assessed stratification criteria. Written in-
formed consent and assent were obtained before participa-
tion in study activities. Ethics approval to conduct the

research was obtained from Baylor College of Medicine
(H-31426) and the University of Houston (12549-01).

Avatar creation system

Three-dimensional scans of the player were converted into
an avatar and inserted into the game. Specifically, Structure
Sensor (Occipital, Inc.) and the itSeez3D app loaded on an
iPad scanned the player multiple times and generated a 3D
model. The scanner consisted of a depth camera and a
standard camera operating in parallel. In the initial scan, a
rough 3D model of the player from top to bottom was gen-
erated, followed by additional scans from different angles to
create more geometric details and fill holes. Finally, a skel-
eton model was created to facilitate animation of the avatar
during gameplay. For additional description and a figure
portraying this process, please see Thompson et al.13

Exergame description

The exergame and its development is described in greater
detail elsewhere;13 a brief description is provided here for
context (see Appendix Table A1). The exergame was an
endless runner genre, where players used physical move-
ment in the real world to control their in-game character
(i.e., photorealistic avatar). To navigate their avatar through
game-play, players jumped over obstacles, crouched, and
jogged in place in the real world; these actions were repeated
by their avatar in the game-world. Game duration was set at
20 minutes. Before gameplay, players chose from three
difficulty levels based on their own self-assessment of their
activity level. Level difficulty was determined by the amount
of obstacles the player encountered and duration of the
resting period the players were allowed to take. The game
machine used in this study was Xbox 360, and the size of the
TV screen was 50 inches.

The game was entitled ‘‘The Nightmare Runner’’ and
begins with the player’s avatar falling asleep where it real-
izes they are trapped in a dream world. While exploring this
world, the avatar finds a dark cave, and unintentionally
awakens the monster who frequents its nightmares. This
initiates active gameplay, where the player navigates his/her
avatar in an attempt to outrun the monster by dodging dream-
world obstacles. While running, the player continuously lo-
ses stamina or energy (referred to as ‘‘dream energy’’). If an
obstacle is not overcome, more dream energy will be lost.
Dream energy can be replenished by collecting ‘‘dream
shards’’ that periodically appear in the game.

At the end of the game session (i.e., end of gameplay), if the
avatar was not caught by the monster, an ending cut scene was
shown where the avatar runs into a large gap in the dream
world that appears too large to jump. Faced with a choice
between the monster and a leap of faith, the avatar must gather
up his/her energy and jump. The avatar ends up safely on the
other side, and realizes that since it is a dream, they are in
control. The avatar uses his/her remaining dream energy to fire
a magic bolt at the monster, killing it. The avatar then escapes
from the dream world, and gameplay ends.

Data collection

Several types of data were collected, including self-report
questionnaires at baseline and postassessment and gameplay
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data, including objective-assessment of in-game PA. Post-
assessment telephone interviews were also conducted by
trained interviewers. Logs maintained by study staff tracked
recruitment and data collection.

Self-report. Teens completed self-report questionnaires
hosted on a secure, password-protected website at baseline
and after completion of the laboratory-based study (post-
assessment). They were provided with a private password to
complete the questionnaires. Teens received a $60 gift card
at completion of laboratory-based data collection, and a $50
money order upon completion of the self-report question-
naires and postassessment interview.

Self-reportmeasures. Demographic characteristics (gender,
race/ethnicity, age), technology use, and PA were assessed
at baseline using questions adapted from the Youth Risk
Behavior Surveillance System.22 The ‘‘Psychological Need
Satisfaction in Exercise Scale’’ assessed basic psychological
need satisfaction (autonomy, competence, relatedness)23 at
both assessment periods. It has a 3-factor structure; all sub-
scales have displayed high internal consistency (Cronbach’s
alpha >0.90) and construct validity. Game enjoyment, im-
mersion, avatar identification, and program satisfaction
questionnaires were completed at postassessment only.
Game enjoyment was assessed with an 8-item scale that
exhibited acceptable psychometrics with undergraduate
students (a = 0.96).24 Items were rated on a 5-point Likert
scale ranging from strongly disagree to agree a lot. Immer-
sion was assessed with a 20-item scale rating videogame
immersion that exhibited acceptable psychometrics with 4th
and 5th graders (a = 0.92) (D Thompson; unpublished data).
The scale is an adaptation of the immersion scale used in a
serious videogame developed for 10–12-year-olds,25 which
was based on the Green and Brock26 narrative transportation
scale. Items were rated on a 5-point Likert scale, ranging
from strongly disagree to agree a lot. Sample items included
were ‘‘The characters seemed real’’; ‘‘The things happening
in the game seemed real’’; and ‘‘When I played the game, I
was not aware of things happening around me.’’ Avatar
identification was assessed with the 17-item ‘‘Avatar Iden-
tification Subscale’’ of the ‘‘Player Identification Scale.’’27

The subscale is comprised of three dimensions–perceived
similarity, wishful identification, and embodied presence. Items
were rated on a 5-point Likert scale, ranging from strongly
disagree to strongly agree.

Objective assessment of in-game PA. PA intensity dur-
ing gameplay was assessed with a GT3X+ accelerometer
(Actigraph; Pensacola, FL). An accelerometer was placed on
the teen’s waist before gameplay and worn throughout the
testing session.

Telephone interviews. Telephone interviews were con-
ducted by trained interviewers following a semi-structured
script. Sample questions included: ‘‘What was it like to play
the game with an avatar that looked like you?’’ and ‘‘If you
could help us re-create the game, what, if anything, would
you change?’’ Probes and prompts were used to clarify, ex-
pand, and understand responses as needed.

Feasibility

Feasibility studies are an early step in the development of
a new intervention or approach. Their purpose is to assess
whether a study can be conducted and whether it should
proceed to efficacy testing.28 Therefore, to make a determi-
nation as to whether this approach was feasible, recruitment
(total, duration), completeness of data collection, psycho-
metrics of self-report measures, and program satisfaction
were examined.

Statistical analysis

Self-reported weights and heights were used to calculate
BMI using 2000 CDC Growth Charts for the United States.21

Responses to self-reported psychological measures were
summed and descriptive statistics calculated. Numerical and
graphical methods tested for data normality. Paired t-tests
were used to examine the difference in basic psychological
needs subscales between pretest and post-test. Effect sizes
were calculated. All statistical analyses were run using the
Statistical Analysis Software (SAS) (version 9.4; SAS In-
stitute Inc., Cary, NC, 2011).

Accelerometer data were collected in 10 second epochs;
epochs were collapsed so that all values of PA were ex-
pressed in minutes using the customized the SAS macros
developed by the National Cancer Institute.29 The Evenson
cutpoints were used to segment the accelerometry counts into
intensity levels.30

Qualitative data

Qualitative data were analyzed using thematic analysis.31

Using an a priori list of codes, two coders independently
coded the transcripts; emergent codes were added as coding
progressed to capture the nuances of the data. Differences
were discussed and resolved. After coding was complete,
codes were examined and themes identified. Relevant quotes
were identified to provide insight into responses.

Results

Recruitment began in September 2015, and was completed
in November 2015. All stratification cells were filled (gen-
der, BMI, PA), resulting in a total enrollment of 48 teens.
The most challenging stratification cell to fill was the one for
teens who were physically active less than 5 days a week and
who had a BMI q85th percentile. All 48 teens completed
baseline surveys; 42 also completed the laboratory-based
study and postassessment surveys. The six teens not com-
pleting the study were unable to participate in the laboratory-
based session during the specified data collection period
(October-December 2015). Only those with complete data
were included in the analyses.

Participant characteristics

Of the 42 teens completing all data collection activities,
equal numbers of boys and girls participated (50.0% each).
Teens were diverse, 45.2% White; 40.5% Black; and 14.3%
Other racial/ethnic groups. Age ranged from 12 to 14 years
old (12.8 – 0.8), with slightly more 13-year-olds in the
sample (40.1%). Teens reported being physically active from
0 to 7 days per week, with most reporting an average of
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5 days per week (31.0%), followed by 4 days (28.6%). About
52.4% were overweight or obese (Table 1).

Psychosocial variables

Average game enjoyment was 21.9 – 8.4 out of a possible
score of 32 (a = 0.9). Average immersion was 49.7 – 15.6 out
of a possible score of 88 (a = 0.9), and average avatar iden-
tification was 43.9 – 16.5 out of a possible score of 68
(a = 0.9). Program satisfaction was 15.6 – 3.6 out of a pos-
sible score of 20 (a = 0.8) (Table 2). Small effect sizes were
observed for autonomy (ES = 0.45; P = 0.01) and competence
(ES = 0.36; P = 0.03). Little change was observed in relat-
edness (ES = 0.04; P = 0.82) (Table 3). Cronbach’s alphas for
self-report measures ranged from 0.8 to 0.9.

Objectively assessed PA

Teens wore the accelerometer for an average of 21.2 – 0.8
minutes. Approximately 74.9% of game-play (15.9 – 5.8

minutes) was spent in vigorous PA and 15.7% (3.3 – 4.7
minutes) was spent in moderate PA. Approximately 10% of
total time was spent in light PA (1.6 – 1.9 minutes) or sed-
entary (0.40 – 0.6 minutes) activity (Table 4).

Qualitative findings

The qualitative data supported that teens had favorable
reactions to the game and playing it with a photorealistic
avatar. The majority of teens enjoyed the game, saying it was
fun, cool, or good. As one teen stated, ‘‘It was a pretty cool
game. I liked how they took all of almost any features of me
and inserted it. I thought that was pretty cool,’’ while another
said, ‘‘It was very nice. I liked how it was like a very fun,
active game.’’

However, a few had less favorable reactions, based on the
intense level of PA needed to be successful in the game. For
example, a teen said ‘‘It was hard.well [be]cause I was out
of breath and [my] legs felt wobbly’’; while another said, ‘‘I
thought it was really challenging especially because the time
length was so long, trying to keep up.’’

A few others expressed mixed opinions—although they
liked the game, they thought it was boring, repetitive, or too
challenging, as exemplified by these statements: ‘‘I felt it was
good in general, but very repetitive. Just the different moves
you did [be]cause everything you did was just running,
jumping, and crouching,’’ and ‘‘I thought it was fun, but it was
really hard because you couldn’t jump over the rocks easily.’’

When asked if they would make any changes to the game,
the most often heard suggestions were related to obstacles and
game features. For example, some recommended modifying
the obstacles to adjust for different height players or to add
additional obstacles: ‘‘Add more items or things that you
could do.more obstacles. Maybe things that help you over-
come obstacles’’ or ‘‘I think there should be not just trees but
like other stuff we can duck under and jump over, or cracks in
the pavements that we were running on or something.’’

Teens also suggested adding different types of challenges
and features, such as scenarios, options for the avatar, run-
ning speeds, and more graphics. As one suggested, ‘‘I would
change the game mode, like a different genre. I don’t know,

Table 1. Demographic Characteristics (n = 42)

Characteristic n %

Sex
Male 21 50
Female 21 50

Ethnicity/race
White 19 45.2
Black 17 40.5
Mixed 6 14.3

Age (year)
12 16 38.1
13 17 40.5
14 9 21.4

# of days PA per week
0 2 4.8
1 2 4.8
2 2 4.8
3 3 7.1
4 12 28.6
5 13 31
6 3 7.1
7 5 11.9

BMI
Under or normal (BMI%tile <85th) 20 47.6
Overweight (BMI%tile: p85th & <95th) 11 26.2
Obese (BMI%tile: q95th) 11 26.2

PA, physical activity.

Table 2. Game Reactions (n = 42)

Mean SD Alpha

Game enjoyment 21.9 8.4 0.9
Immersion 49.7 15.6 0.9
Avatar identification 43.9 16.5 0.9

Similarity identification 19.0 5.6 0.8
Embodied presence 15.4 7.6 1.0
Wishful identification 9.5 6.0 0.9

Satisfaction 15.6 3.6 0.8

SD, standard deviation.

Table 3. Basic Psychological Needs (n = 42)

Need

Pretest Post-test

Mean SD Alpha Mean SD Alpha ES P

Autonomy 1.4 0.6 0.9 1.6 0.4 0.8 0.45 0.01
Competence 1.3 0.5 0.9 1.4 0.5 0.9 0.36 0.03
Relatedness 1.3 0.6 0.8 1.3 0.6 0.9 0.04 0.82

ES, effect size.

Table 4. In-Game Physical Activity (n = 42)

% Minutes SD

Vigorous PA 74.9 15.9 5.8
Moderate PA 15.7 3.3 4.7
Light 7.5 1.6 1.9
Sedentary 1.9 0.4 0.6
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like a role playing or open world. I’d change the place, and
I’d change the graphics and stuff for the monster. You could
change how you run. You can speed it up and you can add
power ups, when you find power ups, you can upgrade your
speed or something.’’

Most participants liked playing the game with an avatar
that looked like them. When asked how much the avatar
resembled them, most thought the avatar looked like them
and thought it was fun to play the game with a photorealistic
avatar, as captured in these statements: ‘‘It was really fun. I
felt like I was a character in the game. It looked like me a
lot’’ and ‘‘It was really cool to see my face and me doing all
those things. It looked exactly like me. It even had my po-
nytail holder.’’

Most also stated that navigating the game with an avatar
that looked like them had a positive effect on gameplay.
They said that because they felt a connection to the avatar,
they had greater interest in playing the game and were mo-
tivated to play it harder. For example, ‘‘I think it made [me]
wanna play harder and take less breaks because it’s almost as
if [it] was me, like if I were in the videogame I would want to
get away from the monster.’’ And finally, ‘‘It really helped
me feel more connected to my avatar and not ready to die,
than having an avatar that didn’t look like me, I probably
wouldn’t feel as connected to it.’’

Discussion

The results of this study demonstrated that navigating an
exergame with a photorealistic avatar was feasible, and that a
vigorous level of PA can be obtained with a diverse group of
teens in a laboratory-based setting. Others have demonstrated
that exergames can increase light to moderate PA in chil-
dren,15,32 and there is some evidence that laboratory-based
exergames have attained a vigorous level of PA.33 Evidence is
mixed regarding its effect on sustained PA, however.16 No
research could be located on the short- or long-term effects of
playing an exergame navigated by a photorealistic avatar on
PA intensity over time. Therefore, the next step in this line of
research would be to conduct a randomized control trial to
determine the effect on sustained PA.

Understanding the mechanisms of effect is an important
dimension of game design.34 Psychosocial variables, derived
from theory, have been viewed as behavioral mediators, or
the mechanisms through which theory exerts its effect on
behavior.35 Examining the psychosocial variables assessed
in this study (basic psychological needs, player identifica-
tion, immersion, enjoyment) may provide important insights
for exergame design and identify areas of needed research to
further elucidate and clarify potential mechanisms of effect,
and thus, effective game design. In this study, small effect
sizes were observed in two of the basic psychological needs
(autonomy and competence), but not in the third, relatedness.
Increases in autonomy and competence are consistent with
theoretical expectations, given the degree of choice and
control (autonomy) the player had in game-play and whether
they successfully completed the game and ‘‘beat’’ the
monster (competence).36 These findings are consistent with
research by others.37 However, it is surprising that related-
ness, defined as an assessment of the degree to which a player
feels connected to self or important others, did not also in-
crease, particularly given that the game was navigated by a

photorealistic avatar. This is likely an artifact of the mea-
surement scale used in this study, however, which assessed
relatedness to exercise companions, but not relatedness to
self. It is likely that a different dimension of relatedness is
tapped by a photorealistic avatar, which may not be per-
ceived as a companion, but rather, as an extension of or
connection to self.38

Examination of the avatar identification results supports
this conjecture. In this study, avatar identification was higher
than that reported by Van Looy et al.27 in which players
constructed a nonphotorealistic avatar and navigated it
through a massively multiplayer online game. This suggests
teens felt more connected to their avatar than in a game
navigated by an avatar that did not resemble them. Caution
is needed when making comparisons, however; in this
study, teens (12–14-year-olds) navigated a photorealistic
avatar in a single-player exergame, while Van Looy et al.
examined avatar identification in a massively multiplayer
entertainment-oriented online game with young adults with
a nonphotorealistic avatar. This conjecture is supported,
however, by the qualitative findings, thus attenuating po-
tential concerns regarding these differences.

Immersion, which is influenced by both plot and charac-
ters25 in that the plot typically unfolds through characters,39

is also an avenue of investigation that needs further eluci-
dation in this context. Compared to preadolescents who
played a serious videogame with a multicultural set of pro-
tagonists, teens in this study reported higher immersion.25

Story, an important component of immersion, has been
linked to player identification.40 The qualitative findings
provide indications that players were not captivated by the
story; this suggests immersion was driven by favorable re-
actions to a photorealistic avatar. Future research is needed
to more fully investigate this potentially important compo-
nent of videogame design.

Players reported modest game enjoyment. Enjoyment has
been linked to identification41 and competition in digital
games.42 Although players identified with their avatar, the
game was single-player. Therefore, adding an element of
competition by playing against others may enhance the level
of enjoyment. Difficulty has been found to detract from game
enjoyment.43 Qualitative findings from this study indicated
players thought the game was strenuous and challenging
(i.e., difficult), which may have detracted from enjoyment.
Even so, a vigorous level of PA was achieved during game-
play. It may be that while a high level of enjoyment is not
important for short-term gameplay, it may be important for
sustained PA. This is supported in research reported by
Lyons et al.44 who found that enjoyment varied by game
theme and suggested that investigating entertaining games
that integrate strenuous activity into game-play may be an
important avenue to investigate. Further, work by Ryan
et al.37 demonstrated that autonomy and competence were
associated with game enjoyment. Research is needed to
further investigate this dimension of game design.

Finally, additional theoretical frameworks need to be ex-
plored. Work by Fox and Bailenson19 suggests that the im-
pact of a highly representational virtual model on behavior
may exert its effects through vicarious reinforcement and
affect rather than motivation. Additional research is needed
to identify the pathways through which a photorealistic av-
atar influences PA.
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Limitations and strengths

Limitations of this research include a small sample and a
one-group design, which limit the ability to draw statistical
conclusions; and conducting this research in only one area of
the United States, which limits generalizability. However,
the purpose of this study was to assess the feasibility of this
approach, which is typically carried out with limited samples
and whose purpose is not to assess statistical significance.
Although the sample was stratified to enhance diversity, it is
possible it could have resulted in selection bias. However,
this research explored exergames navigated by a self-
representational avatar as a potential method for increasing
PA among teens, rather than a specific segment of the pop-
ulation, such as avid gamers. Strengths include an objective
assessment of PA; collection of data regarding motivation
and basic psychological needs, which may be key motivators
of long-term PA; and use of an exergame designed with
feedback from the targeted age group.

Conclusions

This research provides promising research that exergames
led by a photorealistic avatar appeal to teens and can achieve
a vigorous level of PA.

Future Directions

Future research is needed to examine the effects of this
approach on PA intensity and motivation over time, as well
as its effects on frequency and duration of gameplay in
nonstructured environments, such as home.

Acknowledgments

This work is a publication of the United States Department
of Agriculture/Agricultural Research Service Center (USDA/
ARS) Children’s Nutrition Research Center, Department
of Pediatrics, Baylor College of Medicine (Houston, TX)
and the University of Houston (Houston, TX). This work
was supported by the National Institutes of Health, Na-
tional Institute of Child Health & Human Development
(R21HD075048). This work was funded in part with federal
funds from the USDA/ARS under Cooperative Agreement
No. 58-6250-0-008. The contents of this publication do not
necessarily reflect the views or policies of the USDA, nor does
mention of trade names, commercial products, or organiza-
tions imply endorsement from the U.S. government. The au-
thors would like to thank the adolescents who participated in
this research.

Author Roles

D.T. and Z.D. were Co-Principal Investigators and co-led
the overall design of this project. D.T. drafted the article,
oversaw recruitment, qualitative research, online data col-
lection, and analysis of qualitative and quantitative data.
Z.D. oversaw development and programming of the ex-
ergame, avatar creation system, and gameplay database, and
the laboratory-based study. D.C. was responsible for re-
cruitment, online data collection, and coordination with the
University of Houston; C.C. was responsible for recruitment
and led the qualitative data analysis. Y.L. was responsible for
quantitative data analyses. M.R., M.R., and Y.Z. were re-

sponsible for the development of the exergame, the organi-
zation and implementation of the avatar creation workflow,
and performing the laboratory-based study. All authors read,
edited, and approved the article.

Author Disclosure Statement

No competing financial interests exist.

References

1. US Department of Health and Human Services - Physical
Activity Guidelines Advisory Committee. 2008 Physical
Activity Guidelines for Americans. [Report] Washington,
DC: U.S. Department of Agriculture: Department of Health
and Human Services [updated April 11, 2017] www.health
.gov/paguidelines/guidelines/default.aspx (accessed April
11, 2017).

2. Salbe AD, Weyer C, Harper I, et al. Assessing risk factors
for obesity between childhood and adolescence: II. Energy
metabolism and physical activity. Pediatrics 2002; 110:
307–314.

3. American Cancer Society. Cancer Facts & Figures 2016.
Atlanta, GA: American Cancer Society. www.cancer.org/
research/cancer-facts-statistics/all-cancer-facts-figures/cancer-
facts-figures-2016.html (accessed April 11, 2017).

4. Ceschi M, Gutzwiller F, Moch H, et al. Epidemiology and
pathophysiology of obesity as a cause of cancer. Swiss Med
Wkly 2007; 137:50–56.

5. Freedman DS, Dietz WH, Srinivasan SR, et al. The relation
of overweight to cardiovascular risk factors among children
and adolescents: The Bogalusa Heart Study. Pediatrics
1999; 103:1175–1182.

6. Hussain A, Claussen B, Ramachandran A, et al. Prevention
of type 2 diabetes: A review. Diabetes Res Clin Pract 2007;
76:317–326.

7. Centers for Disease Control and Prevention. Middle School
YRBS - 2015 Results. https://nccd.cdc.gov/youthonline/App/
Results.aspx?TT=&OUT=&SID=MS&QID=QNPA7DAY&
LID=&YID=&LID2=&YID2=&COL=&ROW1=&ROW2=
&HT=&LCT=&FS=&FR=&FG=&FSL=&FRL=&FGL=&
PV=&TST=&C1=&C2=&QP=G&DP=&VA=CI&CS=Y&
SYID=&EYID=&SC=&SO=(accessed April 11, 2017).

8. Telama R, Yang X, Viikari J, et al. Physical activity from
childhood to adulthood: A 21-year tracking study. Am J
Prev Med 2005; 28:267–273.

9. Metcalf B, Henley W, Wilkin T. Effectiveness of inter-
vention on physical activity of children: Systematic review
and meta-analysis of controlled trials with objectively
measured outcomes (EarlyBird 54). BMJ 2012; 345:e5888.

10. Dumith SC, Gigante DP, Domingues MR, et al. Physical
activity change during adolescence: A systematic review
and a pooled analysis. Int J Epidemiol 2011; 40:685–698.

11. Kelly S, Martin S, Kuhn I, et al. Barriers and facilitators to
the uptake and maintenance of healthy behaviours by
people at mid-life: A rapid systematic review. PLoS ONE
2016; 11:e0145074.

12. Pagulayan RJ, Keeker K, Fuller T, et al. User-centered de-
sign in games. In: Jacko JA, editor. The Human-Computer
Interaction Handbook: Fundamentals, Evolving Technolo-
gies and Emerging Applications. 3rd ed. Boca Raton, FL:
CRC Press - Taylor & Francis Group; 2012, pp. 795–824.

13. Thompson D, Cantu D, Rajendran M, et al. Development of
a teen-focused exergame. Games Health J 2016; 5:342–
356.

6 THOMPSON ET AL.

D
ow

nl
oa

de
d 

by
 U

N
IV

E
R

SI
T

Y
 O

F 
H

O
U

ST
O

N
 O

FF
IC

E
 O

F 
G

IF
T

 P
L

A
N

N
IN

G
 f

ro
m

 w
w

w
.li

eb
er

tp
ub

.c
om

 a
t 0

3/
12

/1
8.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 



14. Lyons EJ, Tate DF, Ward DS, et al. Energy expenditure and
enjoyment during video game play: Differences by game
type. Med Sci Sports Exerc 2011; 43:1987–1993.

15. Biddiss E, Irwin J. Active video games to promote physical
activity in children and youth: A systematic review. Arch
Pediatr Adolesc Med 2010; 164:664–672.

16. Gao Z, Chen S. Are field-based exergames useful in pre-
venting childhood obesity? A systematic review. Obes Rev
2014; 15:676–691.

17. Techopedia. Avatar. www.techopedia.com/definition/4624/
avatar (accessed May 2, 2017).

18. Jin SA, Park N. Parasocial interaction with my avatar:
Effects of interdependent self-construal and the mediating
role of self-presence in an avatar-based console game, Wii.
Cyberpsychol Behav 2009; 12:723–727.

19. Fox J, Bailenson JN. Virtual self-modeling: The effects of
vicarious reinforcement and identification on exercise be-
haviors. Media Psychol 2009; 12:1–25.

20. Billingham SA, Whitehead AL, Julious SA. An audit of
sample sizes for pilot and feasibility trials being undertaken
in the United Kingdom registered in the United Kingdom
Clinical Research Network database. BMC Med Res
Methodol 2013; 13:104.

21. Centers for Disease Control - National Center for Health
Statistics. CDC Growth Charts: United States. www.cdc
.gov/growthcharts/clinical_charts.htm (accessed April 11,
2017).

22. Centers for Disease Control. Youth Risk Behavior Survey
(YRBS) High School Survey Questions. http://yrbs.learningpt.
org/UserGuides/High%20School%20Questions.pdf (accessed
April 11, 2017).

23. Wilson PM, Rogers WT, Rodgers WM, et al. The Psy-
chological Need Satisfaction in Exercise Scale. J Sport
Exerc Psychol 2006; 28:231–251.

24. Skalski P, Tamborini R, Shelton A, et al. Mapping the road
to fun: Natural video game controllers, presence, and game
enjoyment. New Media Soc 2011; 13:224–242.

25. Lu AS, Thompson D, Baranowski J, et al. Story immersion
in a health videogame for childhood obesity prevention.
Games Health J 2012; 1:37–44.

26. Green MC, Brock TC. The role of transportation in the
persuasiveness of public narratives. J Pers Soc Psychol 2000;
79:701–721.

27. Van Looy J, Courtois C, De Vocht M, et al. Player iden-
tification in online games: Validation of a scale for mea-
suring identification in MMOGs. Media Psychol 2012; 15:
197–221.

28. Bowen DJ, Kreuter M, Spring B, et al. How we design
feasibility studies. Am J Prev Med 2009; 36:452–457.

29. National Cancer Institute. SAS programs for analyzing
NHANES 2003–2004 accelerometer data. 2014 [updated
February 3, 2016]. http://appliedresearch.cancer.gov/nhanes_
pam/ (accessed April 11, 2017).

30. Trost SG, Loprinzi PD, Moore R, et al. Comparison of
accelerometer cut points for predicting activity intensity in
youth. Med Sci Sports Exerc 2011; 43:1360–1368.

31. Braun V, Clarke V. Using thematic analysis in psychology.
Qual Res Psychol 2006; 3:77–101.

32. Liang Y, Lau PWC. Effects of active videogames on
physical activity and related outcomes among healthy

children: A systematic review. Games Health J 2014; 3:
122–144.

33. Bailey BW, McInnis K. Energy cost of exergaming: A
comparison of the energy cost of 6 forms of exergaming.
Arch Pediatr Adolesc Med 2011; 165:597–602.

34. Thompson D. Incorporating behavioral techniques into a
serious videogame for children. Games Health J 2017; 6:
75–86.

35. Baranowski T, Anderson C, Carmack C. Mediating vari-
able framework in physical activity interventions. How are
we doing? How might we do better? Am J Prev Med 1998;
15:266–297.

36. Ryan RM, Deci EL. Self-determination theory and the fa-
cilitation of intrinsic motivation, social development, and
well being. Am Psychol 2000; 55:68–78.

37. Ryan R, Rigby C, Przybylski A. The motivational pull of
videogames: A self determination theory aproach. Motiv
Emotion 2006:347–363.

38. Thompson D, Baranowski T, Buday R, et al. Serious video
games for health: How behavioral science guided the de-
velopment of a serious video game. Simul Gaming 2010;
41:587–606.

39. Jacobs RN. The narrative integration of personal and col-
lective identity in social movements. In: Green MC,
Strange JJ, Brock TC, editors. Narrative Impact: Social and
Cognitive Foundations. Mahwah, NJ: Lawrence Erlbaum;
2002. pp. 205–228.

40. Schneider EF. Death with a story: How story impacts
emotional, motivational, and physiological responses to
first-person shooter video games. Hum Commun Res 2004;
30:361–375.

41. Hefner D, Klimmt C, Vorderer P. Identification with the
player character as determinant of video game enjoyment.
In: Ma L, Rauterberg M, Nakatsu R, editors. Entertainment
Computing–ICEC 2007 Lecture Notes in Computer Sci-
ence. Berlin, Heidelberg Springer; 2007, pp. 39–48.

42. Vorderer P, Hartmann T, Klimmt C. Explaining the enjoyment
of playing video games: The role of competition. ICEC ’03
Proceedings of the second international conference on en-
tertainment computing. Pittsburgh, PA: ACM; 2003, pp. 1–9.

43. Klimmt C, Blake C, Hefner D, et al. Player performance,
satisfaction, and video game enjoyment. In: Natkin S,
Dupire J, editors. Entertainment Computing–ICEC 2009
Lecture Notes in Computer Science. Berlin, Heidelberg
Springer; 2009, pp. 1–12.

44. Lyons EJ, Tate DF, Komoski SE, et al. Novel approaches to
obesity prevention: Effects of game enjoyment and game
type on energy expenditure in active video games. J Dia-
betes Sci Technol 2012; 6:839–848.

Address correspondence to:
Zhigang Deng, PhD

Department of Computer Science
University of Houston

Phillip G. Hoffman Hall
3551 Cullen Blvd., Room 501

Houston, TX 77204-30

E-mail: zdeng4@central.uh.edu

(Appendix Table A1 follows /)

PHOTOREALISTIC AVATAR AND PHYSICAL ACTIVITY 7

D
ow

nl
oa

de
d 

by
 U

N
IV

E
R

SI
T

Y
 O

F 
H

O
U

ST
O

N
 O

FF
IC

E
 O

F 
G

IF
T

 P
L

A
N

N
IN

G
 f

ro
m

 w
w

w
.li

eb
er

tp
ub

.c
om

 a
t 0

3/
12

/1
8.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 



Appendix

Table A1. Characteristics of a Videogame for Health: Nightmare Runner

Health topic(s): Physical activity
Targeted age group(s): 12–14 year olds
Other targeted group characteristics: Stratified by gender, PA, BMI
Short description of game idea: Can PA be increased by navigating a photorealistic avatar

Target player(s): Individual Dyad Small group
(check one)

MMOG Other: ____________________

Guiding knowledge or behavior change theory(ies),
models, or conceptual framework(s):

Self determination theory

Intended health behavior changes: Increased PA
Knowledge element(s) to be learned: na
Behavior change procedure(s) (taken from Michie

inventory) or therapeutic procedure(s) employed:
na

Clinical or parental support needed?
(please specify):

No

Data shared with parent or clinician: Yes No

Active Action Adventure

Type of game: Role-playing Simulation Strategy
(check all that apply)

Sports Casual Educational

Other: __________________
Story (if any)

Synopsis (including story arc): Player falls asleep and encounters a nightmare monster
How story relates to targeted behavior change: Must be physically active to escape

Game components
Player’s game goal/objective(s): Player navigates avatar and attempts to outrun the nightmare
Rules: Avoid obstacles, collect power ups; depleted dream energy = end

Game mechanic(s): Controls avatar using Kinect
Procedures to generalize or transfer what’s

learned in game to outside the game:
none

Virtual environment
Setting (describe): Nightmare world – set of floating islands with mystical sky and fog

Avatar
Characteristics: Photorealistic representation of player
Abilities: mimics player actions in real world

Smart phone Tablet Kinect Xbox

Game platform(s) needed to play the game: Wii PlayStation Computer
(check all that apply)

Handheld device Other: ______________

Sensors used: Kinect
Estimated play time: 20 minutes for lab-based study—variable
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