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Abstract

Background: Diabetes impacts greater than 37 million people in the United States. Adults over
45 years, racial-ethnic minorities, and those who are overweight or obese are at increased risk
for type 2 diabetes mellitus (T2DM). Digital health games offer one innovative opportunity to
engage, educate, and motivate adults at risk for T2DM about healthy lifestyle changes.
Objective: Describe the adaptation of an educational exergame for adults over 50 and
examine feasibility, acceptability, and implementation within a health education interven-
tion in African American adults at risk for T2DM.

Method: Mixed methods were used: exploratory adaptation phase involving expert inter-
views and constituent focus groups; a randomized two-group (nutrition workshop alone
vs workshop plus game) pilot exploring adherence and preliminary outcomes (i.e., eating
habits, physical activity level, body mass index); and a post-gameplay explanatory com-
ponent examining acceptability and feasibility.

Results: Exploratory phase findings identified areas for game adaptation, such as modify-
ing graphics and adjusting movement to user preferences and abilities. The pilot sample
included 24 African American women with T2DM risk factors (Mean age = 63.1). Prelimi-
nary outcomes suggest pre-post intervention changes in the direction of improvement for
both groups; however, there were no statistically significant differences between groups.
Intervention adherence was slightly higher for the game-plus workshop group. Accept-
ability and feasibility feedback of the game was generally positive.

Conclusion: Constituent and expert input helped inform game adaptation. Preliminary
outcomes and acceptability/feasibility feedback of game implementation within a health
education intervention showed promise in engaging adults over 50 with T2DM risk fac-
tors about topics of healthy eating and physical activity. Continued research is suggested
to develop/adapt health games to promote healthy lifestyle change in diverse older adults
(e.g., adults over 65; racial-ethnic minority groups;) and to conduct large-scale studies to
evaluate the impact of health games in diverse groups and settings.

Keywords: diabetes prevention, exergame, health education, health game, healthy eating,
physical activity

INTRODUCTION

Diabetes impacts greater than 37 million people
in the United States (U.S.) (Centers for Disease
Control and Prevention (CDC), 2022). Adults
over 45 years, racial-ethnic minorities, and those
who are overweight or obese are at greater risk
for type 2 diabetes mellitus (T2DM) (Kalyani,
Golden, & Cefalu, 2017; Schnurr, Jakupovi¢, Car-
rasquilla, et al., 2020; CDC, 2022). Furthermore,
diabetes rates increase across ages in adults with

prevalence rates of diagnosed diabetes (2017-
2020) of 14.5% for adults 45-64 and 24.4% for
those 65 and older (CDC, 2022). In addition, the
estimated percentage of adults with pre-diabetes
increases across ages, including 44.8% of those
45-64 years old and 48.8% of adults 65 or old-
er (2017-2020; CDC, 2020). African Americans
represent one racial-ethnic minority group that
experiences an increased burden of diabetes
with higher rates of age-adjusted incidence and



Adaptation of a health game for adults over 50

To adapt an educational
lexergame for adults over 50

Game adaptation Intervention Game refinement
Qualitative exploratory | s Implementation/Evaluation =) |Qualitative/Quantitative explanatory
Quantitative experimental design
Aim: Aim: Aim:

To implement and evaluate health education
intervention incorporating adapted game

[To evaluate the feasibility and
lacceptability of the adapted health
game

Methods:

- Constituent focus
groups: African
American adults with
T2DM risk factors

- Expert in-depth
interviews

Methods:

Design: Randomized pilot (Baseline, 2 months)
Participants: N=24; Adults >50 years old, African
\American, and other diabetes risk factors

Game group: Nutrition workshops + Health game
Control group: Nutrition workshops alone
(Outcomes: Behavior, motivation, and BMI

Methods:
Survey with qualitative and
quantitative items

Figure 1. Mixed methods design: Sequential multi-phase

prevalence of diagnosed diabetes in adults over
(2017-2018) 18 years of age compared with non-
Hispanic whites (CDC, 2022). Research, particu-
larly the Diabetes Prevention Program (Diabe-
tes Prevention Program Research Group, 2002,
2009), has demonstrated that T2DM in those at
increased risk may be prevented through engage-
ment in healthy lifestyle behaviors (i.e., healthy
eating, physical activity) and weight loss. The
increased diabetes burden in these groups un-
derscores the importance of identifying engaging
and effective approaches to educating and moti-
vating adults to make healthy lifestyle changes to
reduce the risk of diabetes.

Digital health games offer an innovative and excit-
ing opportunity to support adults with and at risk
of T2DM (Ruggiero, 2015) and multiple studies
have examined the use of various health games or
gamification approaches in people with diabetes
(Shiau, Lim, Cheng, & Lau, 2021; Theng, Lee, Pati-
nadan, & Foo, 2015). Health games also offer an
opportunity to both engage and educate people
about making healthy lifestyle changes (Baghaej,
2020), such as eating healthfully and getting regu-
lar physical activity. Many studies have examined
the use of health games in youth focused on
healthy eating or physical activity (Baranowski,
2019; Hieftje, 2013; LeBlanc, 2013; DeSMet et al.,
2014; Valeriani, Marotta, Liguori, Romano Spica,
Valerio, Vitali, & Galle, 2021; Ruggiero, Seltzer,
Dufelmeier, McGee Montoya, & Chebli, 2020)
and many others have demonstrated the impact
of exergames on various outcomes in diverse
adult populations (e.g., Chao, Scherer, & Mont-
gomery, 2015; Drazich, Crane, Szanton, Carlson,
Budhathoki, & Taylor, 2020; Hall, Chavarria, Ma-
neeratana, Chaney, & Bernhardt, 2012; Kappan,
Mirza-Babaei, & Nacke, 2019; Larsen, Lund, &
Langberg, 2013; Tripette, Murakami, Ryan, Ohta,
& Miyachi, 2017, Xu, 2020; van 't Riet, 2014).
Fewer published studies have examined digi-
tal health games that focus on healthy eating or
nutrition education in adults (Baranowski, 2019;
DeSmet et al, 2014) and to our knowledge, no

published studies have included an exergame that
incorporates healthy eating and physical activity
education to support lifestyle behaviors in adults
over 50 at risk of diabetes.

The current study builds upon a health game (My-
Plate Picks) originally designed to provide knowl-
edge, facilitate movement, enhance motivation,
and encourage healthy eating and physical activ-
ity behaviors in youth (Ruggiero et al, 2020). The
aim of the current study was to adapt the health
game for adults over 50 and explore its feasibility,
acceptability, and preliminary impact when deliv-
ered along with a best-practice nutrition educa-
tion workshop in adults over 50 at risk of TZ2DM.
Promising findings in this study could inform fu-
ture expanded adaptation of the game for inde-
pendently living adults over 65 and for common
settings where they gather, such as senior centers.

MEeTHOD

The specific aims of this study were:

1. To adapt and tailor a health game (MyPlate
Picks) for adults over 50.

2. To conduct a randomized two-group feasi-
bility pilot of the adapted health game imple-
mented within a nutrition education intervention
in adults over 50 with risk factors for T2DM to
explore preliminary outcomes (e.g., motivation,
behavior, BMI), adherence rates, and retention
rates to support the development of future large-
scale research studies; and

3. To evaluate the feasibility and acceptability
of the health game implementation in African
American adults over 50 at risk of T2DM.

Design

The study used a mixed-methods sequential re-
search design (Creswell, 2018) (Figure 1). A devel-
opmental (Exploratory) phase involved a review
of the relevant literature on digital health games
tailored for older adults, in-depth interviews
with consultant experts, and constituent focus
groups with adults with risk factors for T2DM.
The second phase (Quantitative) involved a rand-
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omized two-group (nutrition workshops alone vs
nutrition workshops plus game) pilot study with
two assessments (pre- and post-intervention). A
qualitative and quantitative (Explanatory) survey
was conducted following the game intervention
to examine acceptability and feasibility.

Original youth game description

The “educational exergame” was originally de-
veloped for youth (Ruggiero et al., 2020). The
conceptual framework used to guide the original
development of the youth game included a focus
on the social cognitive theory (Bandura, 1986)
(e.g., build self-efficacy — successes with answer-
ing educational questions; outcome expectations
— clarify benefits of healthy eating and physical
activity), game design (e.g., use rewards — points
for correct responses), and learning theory (e.g.,
multiple learning modes — content presented us-
ing audio, visuals, and kinesthetic aspects involv-
ing stretching to answer questions) (Ruggiero et
al., 2020). The health-related goals of the game
are to provide knowledge, enhance motivation,
incorporate movement, and encourage behavior
change related to healthy eating and physical
activity. The game was designed to supplement
didactic education about healthy eating/nutri-
tion and physical activity. The nutrition educa-
tion content was designed to educate and en-
gage around healthy eating topics based on the
United States Department of Agriculture (USDA)
“MyPlate” (USDA) nutrition guide, focusing on
the following educational/behavioral messages:
“make half your plate fruit and vegetables”; “avoid
oversized portions”; and “drink water instead
of sugary drinks”. Each game round consists of
knowledge questions, movement activities, and
educational messages. Content is both presented
on-screen and using audio. A camera is used to
protect the player’s image onto the game-play
screen. Two core movement components are
included in basic gameplay. First, a player has to
physically move (e.g., raise arms/stretch) to select
(virtually “touch”) an answer choice for each ed-
ucational question projected on a monitor. Sec-
ond, between question sets, triangles appear in
different places on the screen and a player gains
points for each triangle “touched” so the faster
they touch and the more they touch, the greater
their score. At the basic level, players stretch
(raise arms) to virtually touch the response choic-
es and triangles, and youth were encouraged to
be creative in their movement, such as jump-
ing to touch answers/triangles with their head,
lunging left or right, or using dance moves. Be-
tween game rounds, educational messages are
displayed related to healthy eating or physical
activity. The game could be played individually
or using a variety of team approaches and either
sitting or standing. The player(s) receive/s a score
at the end of each round and the full game.

Aim 1: Method and findings

Overview

Three approaches informed game adaptation: a
review of literature, consultant interviews, and
constituent (user) focus groups. The integrated
conceptual framework used to guide the tailor-
ing process included cultural tailoring guidelines
(Kreuter, 2003) and game usability examina-
tion based on Technology Acceptance Model
(Bagozzi, Davis, Warshaw, 1992) (e.g., accept-
ability, feasibility) (See Table 1 for key constructs
used in adaptation).

Expert consultant interviews

The research team demonstrated the youth game
individually to three content expert consultants
who were researchers with expertise in health
promotion (e.g., physical activity, healthy eat-
ing) in older adults. The three researchers and
a health game designer were individually in-
terviewed to gather their recommendations for
tailoring the game for older adults. The ques-
tions were informed by guidelines for cultural
tailoring (Kreuter, Lukwago, Bucholtz, Clark, &
Sanders-Thompson, 2003) and the Technology
Acceptance Model (Bagozzi, Davis, & Warshaw,
1992). Primary interview questions focused on
the areas identified in the first column of Table 7,
such as recommendations for adapting the edu-
cational content, game-play approach, appear-
ance (e.g., graphics), and strategies to enhance
perceived acceptability and ease of use. Input
on game adaptation was also gathered from re-
search team members who were involved in the
original development of the youth game.

User-centered constituent input

Recruitment focused on people who agreed to be
re-contacted based on participation in a prior study
examining a physical activity intervention in older
adults. Prior participants were informed of the study
and interested individuals were instructed to call a
study number for more information and eligibility
screening. The eligibility criteria included risk fac-
tors for type 2 diabetes: age between 50 and 65
years; overweight or obese; self-identify as African
American or Black, along with English speaking,
and not diagnosed with diabetes by self-report. The
following exclusion criteria were used: adults with
cognitive impairments, based on responding with 3
or more errors on the adapted Mental Status Ques-
tionnaire (MSQ; Lesher & Whelihan, 1986); health
conditions that precluded participation in a physical
activity program based on the Exercise Assessment
and Screener for You (EASY; Resnick, et al, 2008)
physical activity screener (answered “yes” on any of
the screening questions); and non-English speaking.
During an orientation/consenting meeting, study
staff provided a detailed overview of the study and
gave individuals the opportunity to review the writ-
ten consent form and ask questions.
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Table 1. Integrated game tailoring framework and synthesized results

Constructs/strategies, game General General game tailoring
features description approach

Specific examples of input or adaptations

Educational content Study focus:  Adapted physical activity -
Focused on 4 answer choices and
MyPlate related healthy eating content to
educational  be appropriate for older
messages adults -

Replaced multiple answer choices, e.g.,
“Playing a video game” (youth) changed to
“watching TV” (adult), and “Playing tag”
(youth) changed to “Reading” (adult)

Replaced youth tailored educational messages
with ones tailored for adults; adult healthy
eating examples: “Stop eating when you're full
- restaurant portions are often bigger than
MyPlate portions: Pack a doggy bag!”; “Choose
whole grain breads, rolls, pastas or rice to get
extra fiber”; and “Look for the lower calorie
items on the menu”. Adult physical activity
examples: “Try to fit physical activity into your
daily routine! Find a buddy to walk with on
your lunch break at work or join a
neighborhood walking group. Take the stairs
instead of elevator. Do stretches or exercises
while watching TV”.

Gameplay approach Study focus:  Included different ways to -
Explore game play the game
play options, -
e.g., individual

or multi-player -

Expressed interest in both individual and multi-
player gameplay approaches

Expressed interest in team play for social
interaction

Expressed interest in inter-generational game
play with grand-children

Cultural tailoring constructs

Peripheral strategies*

“give programs or materials the
appearance of cultural
appropriateness by packaging
them in ways likely to appeal to
a given group”

Adapted graphics to be -
adult-oriented

Study focus:
Packaging or

appearance

Replaced cartoon graphic with MyPlate graphic

Evidential* Study focus: Adapted educational -
“enhance the perceived data-informed  messages for age group
relevance of a health issue for a health messages

given group by presenting

evidence of its impact on that

Added physical activity educational messages
based on current adult recommendations and
modified questions and answers, e.g., youth
version “try to get at least one hour of physical
activity each day” changed to “try to get at least
2 hours and 30 minutes of moderate exercise
each week. Also, do muscle-strengthening
activities twice each week.” (adult version)

group”
Linguistics* Study focus:  Adapted audio for older -
“make health education Phonetics, audio, adults

programs and materials more
accessible by providing them in
the dominant or native language
of the target group”

literacy level

Replaced child voice narration of game content
with adult voice narration

Socio-cultural*

"discuss health-related issues in
the context of broader social
and/or cultural values and
characteristics of the intended
audience”

Adapted educational -
messages to be relevant
to adults -

Study focus:
Informed by

population
values/beliefs

Added benefits of healthy eating and physical
activity for adults

Added focus on weight management, e.g.,
“exercise is good for your brain and can help
you do better in school’ (youth) changed to
“exercise helps you maintain a healthy weight
and strengthen your muscles” (adult)

Constituent*

“draw directly on the
experience of members of the
target group”

Adapted game for user -
preferences and abilities
overall -

Study focus:
Informed by
stakeholders

See other areas for specific input and
adaptations
Game adapted to support gameplay while sitting

Exploratory focus groups (or in-depth interviews
as make-ups for the missed group) were conduct-
ed with 10 individuals to gather overall input and
to obtain specific recommendations for adapta-
tions for adults over 50 (e.g., graphics, music, au-
dio, educational content areas). The youth game
was demonstrated prior to the focus group or
interview. Qualitative questions were based on
the main areas included in Table 1, including per-
ceived feasibility, acceptability, implementation,

educational messages, appearance (e.g., graph-
ics), audio, movement component, and game-
play approach. Two team members attended all
qualitative activities and took detailed notes on
responses and observations of participants play-
ing the game. Informed by the constructs in Table
1, the two team members reviewed and discussed
the qualitative input to identify core themes to
guide the adaptation/tailoring of the game. Par-
ticipants received $25 for participation.
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Table 1. Integrated game tailoring framework and synthesized results (cont.)

General
description

Constructs/strategies, game
features

General game tailoring
approach

Specific examples of input or adaptations

Usability constructs

Usability-perceived usefulness
or acceptability**

Study focus:

game elements
and engagement

Demonstrated game with -

Satisfaction with adults to obtain feedback

on game elements, e.g.,
content, graphics

Obtained positive feedback on music and
background graphics, therefore, music and
background graphics were not modified
[modified elements are described in other
areas]

Usability-ease of use** Study focus:
Game elements
related to ease in -

using game -

Demonstrated game with -
adult volunteers
observed game play -
obtained feedback on -
ease of game play -

Encouraged users to tailor movement to own
level/ability (e.g., sitting to play as option)
Slowed down pace

Modified movement instructions

Increased text font size for better readability

*The tailoring constructs were based on Kreuter guidelines for cultural tailoring (Kreuter, Lukwago, Bucholtz, Clark, & Sanders-Thompson, 2003)
**Technology usability based on the Technology Acceptance Model (Bagozzi, Davis, & Warshaw, 1992).

Exploratory/qualitative results summary

A synthesis of the main themes identified across
approaches is presented in Table 1 organized
by dimensions of a cultural tailoring framework
(Kreuter, Lukwago, Bucholtz, Clark, & Sanders-
Thompson, 2003) and Technology Acceptance
Model (Bagozzi, Davis, & Warshaw, 1992). Based
on these findings, the youth game was adapted
for adult users. The content of the game (e.g.,
questions, educational messages) and graphics
were adapted, where needed, to be more adult-
focused (Table 7). In addition, the child voice
used in the audio presentation of content was
replaced with an adult voice. Movement instruc-
tions were modified to encourage participants to
adapt movement to their preferences and abil-
ity level, including an option to sit (if needed/
desired). Other movement options could be in-
corporated into the implementation of the game
depending on preferences and ability, such as
walking in place or standing on one foot during
a game round. Other examples of adaptations for
ease of use included increasing the font size and
slowing the pace of the game (Table 1).

Aim 2: Feasibility and implementation pilot
study method

Recruitment and consenting process

Recruitment efforts used multiple approaches:
through a large Church and its surrounding
community; through a senior festival, and from
prior study participants as in Aim 1. Recruitment
conducted through the community used flyers,
posters, and informational sessions. Interested
individuals were instructed to call a study num-
ber for more information and eligibility screen-
ing. Inclusion/exclusion criteria and the informed
consent process were the same as used in Aim 1.
A $25 incentive was provided for completing the
pre-assessment and $30 for the post-assessment.
Small additional incentives (e.g., pens, measur-
ing cups, and mugs) were provided during the
program sessions to promote retention.

Assessment measures
Questionnaire assessments and anthropometric
measurements (e.g., body weight/height) were con-

ducted at baseline and post-intervention (2 months).

Weight was measured using a digital scale and
height was measured using a stadiometer in ac-
cordance with the CDC’s recommendations for
standing height assessment (CDC, 2020).

Eating habits were assessed using the Visually-
Enhanced Food Behavior Checklist (VEFBC). The
VEFBC is designed for low-literate populations
using visual information processing theories
(Townsend, 2008) and measures medium-term
changes in dietary habits. For the purposes of
this study, two variables were examined: a) daily
intake (cups) of fruits and vegetables (i.e., a com-
posite score of daily intake of fruits and daily in-
take of vegetables; range = none to 6 or more)
and b) self-rated eating habits (range = 0 - 10;
poor = 0 to excellent = 10).

Physical activity patterns were assessed using
the short version of the International Physical
Activity Questionnaire (IPAQ) which has demon-
strated validity in African American adults (Wo-
lin, 2008). For this study, the overall categorical
scoring approach (low/moderate/high) was used,
in accordance with the IPAQ scoring Protocol for
Short Form (IPAQ Research Committee, 2005).

Behavioral motivation questions included stage
of change (SOC) items related to seven healthy
eating behaviors (i.e., eat > 5 fruit/vegetables/day;
make half grains, whole grains; avoid high-fat
protein; vary protein; avoid high-fat dairy, avoid
sugary beverages; drink water instead of sugary
beverages) to assess motivation (i.e., readiness) or
achievement of behavioral goals (items developed
for current study based on Nigg, et al., 1999). The
SOC items were combined into an overall SOC
index by summing the score across all SOC items
(range = 0 to 28; i.e., “precontemplation” was cod-
ed as “0”, “contemplation” as “1”, “preparation”
as “2”, “action” as “3”, and “maintenance” as “4”).
Confidence items across the same behavioral ar-
eas as SOC (except water intake which was inad-
vertently omitted) had a five-point response scale,
ranging from “not at all confident” to “extremely
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Table 2. Baseline characteristics of study participants (n=24)

Variable Total sample Game group  Workshop group
Sample size, n 24 13 11
Age, years, M (SD) 63.1(1.8) 62.8 (2.2) 63.5(1.1)
Body Mass Index, kg/m? 34.6 (6.9) 343 (7.1) 35.0 (7.0)
Physical activity level (IPAQ) n (%)

Low 10 (41.7) 6 (46.2) 4 (36.4)
Moderate 5 (25.0) 3(23.1) 3(27.3)
High 8 (33.3) 4 (30.8) 4 (36.4)
Eating habits (VEFBC)

Daily servings of Fruits/Vegetables, M (SD) 2.2 (1.0) 2.1(1.0) 2.2 (1.1)
Self-rated eating habits M (SD) 5.7 (1.7) 5.5(1.9) 6.0 (1.3)
Stage of Change Index M (SD) 18.4 (7.3) 16.9 (7.4) 20.1 (7.2)
Confidence index M (SD) 16.6 (4.7) 16.1 (5.0) 17.3 (4.5)

confident”. The confidence individual item scores
were combined into an overall confidence index
by summing the score across all six items (range
=0to 24; i.e., “not at all confident” was recorded
as “0”, “somewhat confident” as “1”, “moderately
confident” as “2”, “very confident” as “3”, and
“extremely confident” as “4”).

Adherence was measured by a count of the ses-
sions attended from a total of six (range = 0 — 6).
All data were collected using paper surveys com-
pleted by participants. The retention rate was
measured by the number of participants who
completed both pre and post-measurements.

Study randomization and intervention imple-
mentation procedure

Randomization to the two groups (nutrition
education workshop; workshop plus gameplay)
occurred following baseline assessment. Both
intervention groups participated in six weekly
workshop sessions. Each weekly nutrition edu-
cation workshop lasted 45-60 minutes and the
workshop plus gameplay lasted 75-90 minutes.

Nutrition education workshop intervention

Eat Healthy, Be Active Community Workshops
(EHBA) is six-workshop series developed by the
US Department of Health and Human Services
(US DHHS) Office of Disease Prevention and
Health Promotion based on the Dietary Guide-
lines for Americans (USDHHS, 2018) and the
Physical Activity Guidelines for Americans (US-
DHHS, 2018).

The sessions covered healthy eating, physical ac-
tivity, and weight management topics and were
facilitated by a dietetic intern (SF). Each work-
shop contained learning objectives, educational
messages, hands-on activities, discussion, and
educational handouts.

Gameplay procedure
The adapted game was played with teams of three,
with each team member playing one game round.

6

Occasionally, adjustments were made to include
teams of two people or for individual gameplay,
where needed or requested. The game was pro-
jected onto a large monitor for team gameplay.
Participants were able to play either standing or
sitting. Teams were encouraged to support other
team members in answering game questions (e.g.,
cheering, helping with answers, etc.).

Analyses

Basic descriptive analyses were conducted on
demographic characteristics, preliminary out-
comes, adherence rates, and retention rates. Ex-
ploratory group comparisons were conducted
using t-tests or Chi-square tests, as appropriate
for primary (behavior, stage of change, confi-
dence) and secondary (BMI) outcomes.

ResuLts

Overview

Participants

Atotal of 75 interested individuals were screened
for eligibility; 42 were eligible; and 24 enrolled
and were randomized (game group, n=13; work-
shop group, n=11). At 2 months, 4 participants
(two per group) were lost to follow-up.

Demographics

Study participants were 63.1 years old on aver-
age (SD=1.8; range=57-65), all female, and all
African American/Black. Baseline characteristics
by intervention group are provided in Table 2.

Baseline BMI, physical activity, eating behaviors,
SOC, and confidence

Baseline values are shown in Table 2 for both
groups. The mean total group characteristics at
baseline included: BMI of 34.6 kg/m2 (SD=6.9,
range=25.2-48.2); 41.7%, 25.0%, and 33.3%
had low, moderate, and high levels of physical
activity, respectively; consumed an average of
2.2 (SD=0.10, range=1.0-4.5) servings of fruits
and vegetables daily; rated their eating habits as
an average of 5.7 out of 10 (SD=1.68; range =
2-8); had an average SOC index score of 18.4
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Table 3. Changes in outcomes by intervention group (n=20)

Outcomes

Game group  Workshop group

8.9 (out of 10), and negative
response options was rarely

Body Mass Index, kg/m’ -0.46 -0.15 endorsed.

Daily servings of Fruit/Vegetables +0.9 +0.67

Self-rated eating habits +1.34 +0.22 Qualitative feedback from
Stages of Change Index (0-24) +4.5 +0.7 participants in open-ended
Confidence Index (0-24) +0.5 +1.3 questions was also favora-

(SD=7.3; range=3.0-28.0); and had an aver-
age confidence index score of 16.6 (SD=4.7;
range=7.0-24.0). In general, participants were
obese, had low-moderate levels of physical ac-
tivity, and consumed few fruits and vegetables
per day. T-test comparisons showed no statisti-
cally significant differences in baseline measures
between intervention groups.

Change in outcomes

As shown in Table 3, descriptive statistics for
change in outcome measures across time sug-
gest both groups showed change toward im-
provement for most measures, however, there
were no statistically significant differences be-
tween groups. Though not significantly different,
the game group had relatively large changes in
stage of change and self-rated eating habits.

Adherence

Mean adherence out of six sessions was 3.9
(65%) and 3.5 (58%) sessions in the game group
and the workshop group, respectively.

Retention

Retention rates (completed study) were 84.6%
and 81.8% in the game group and the workshop
group, respectively.

Aim 3: Explanatory mixed methods and findings
Participants and procedure

Participants included in Aim 3 were the sub-
set of individuals from Aim 2 who were in the
game group (N=13). A survey developed by the
authors addressed user acceptability, feasibility,
and perceived usefulness of various aspects of
the game (Table 4). The survey included qualita-
tive and quantitative questions.

Analyses

Descriptive statistics were used to summarize
the quantitative results from the post-interven-
tion usability/acceptability survey (Table 4). The
qualitative feedback was summarized and re-
viewed by research team members to identify
themes and representative quotes.

Findings

As shown in Table 4, the quantitative survey re-
sponses for feedback on the acceptability, feasi-
bility, and perceived usefulness of the game indi-
cated consistently positive responses. For exam-
ple, the average overall acceptability rating was

ble with example quotes:
“The game was very helpful to me and I think
it would be helpful to others the way it is”; “I
enjoyed it and would do it again and tell others
about it” and “overall the game is great, | think
it gets a person to start looking at their diet and
tricky way to get a person to move.” The main
themes for improving the game were to improve
the graphics (e.g., “more vibrant colors”; “extra
pizazz”) and include more information on the
score throughout the game.

DiscussioN

This paper described the process and findings of
adapting an existing youth-focused exergame for
adults over 50. It also examined the initial accepta-
bility, feasibility, and implementation of the adapt-
ed game in combination with a nutrition work-
shop for African American individuals with risk
factors for T2DM. This discussion will focus on the
findings relevant to the adaptation and usability of
one health game tailored for adults, the strengths
and limitations of the current work, and directions
for future game development and research.

One important aspect of this study was its use
of an integrated conceptual framework to guide
the adaptation of the digital health game for an
adult population over 50. Adult adaptation was
informed by cultural tailoring guidelines (Kreuter,
2003) and the evaluation was guided by the Tech-
nology Acceptance Model. This approach aligns
with the recommendations for developing games
for health (Baranowski, 2019) and the use of an ex-
ergame format is consistent with the recommenda-
tions of a recent systematic review of digital games
in the aging population (Xu, 2020). Future digital
game development should continue to incorpo-
rate evidence-based health promotion guidelines
and appropriate theoretical frameworks from vari-
ous disciplines to support game tailoring.

The process and findings from the formative
work, especially including in-depth consultant
interviews and constituent user-centered focus
groups were critical in the adaptation of the
game for adults over 50. The use of theoretical
frameworks to guide this phase was critical in or-
ganizing the process and the findings. The results
shown in Table 1 demonstrate that many aspects
of the youth game were appropriate and accept-
able to adults, while other aspects needed to be
specifically tailored for this age group. For exam-
ple, the physical activity and healthy eating con-



Table 4. Game acceptability/usability

Acceptability scale rating (10-point scale; 1 to 10: higher is more positive) 8.9(SD=1.4;
n=10)
Acceptability Likert responses N (%)

How would you rate this game as a tool to teach adults trying to lose weight about healthy eating,
PA, and weight management?

Very good 8 (80)
Somewhat good 2 (20)
“Very bad” to “Slightly good” response options 0 (0)
Likeliness of recommending the game to a friend

Extremely likely 4 (40)
Somewhat likely 4 (40)
Slightly likely 0 (0)
Slightly unlikely 0 (0)
Somewhat unlikely 1(10)
Extremely unlikely 1(10)
How easy/difficult was it to understand the instructions?

Extremely easy 6 (60)
Somewhat easy 3 (30)
Slightly easy 1(10)
“Extremely difficult” to “Slightly difficult” response options 0(0)
How easy/difficult was it to understand the educational content?

Extremely easy 5 (50)
Somewhat easy 4 (40)
Slightly easy 1(10)
“Extremely difficult” to “Slightly difficult” response options 0 (0)
How enjoyable/not enjoyable was playing MPP?

Extremely enjoyable 8 (80)
Somewhat enjoyable 1(10)
Slightly enjoyable 1(10)
All “unenjoyable” response options 0 (0)
How comfortable/uncomfortable were you while doing the physical movements?

Extremely comfortable 9 (90)
Somewhat comfortable 1(10
Slightly comfortable through all “uncomfortable” response options 0 (0)
Satisfaction with PA topic

How satisfied/dissatisfied were you with the PA topics?

Extremely satisfied 10 (100)
“Extremely dissatisfied” to “somewhat satisfied” response options 0 (0)
How personally useful/not useful did you find the PA topics?

Extremely useful, n (%) 5 (50)
Very useful, n (%) 5 (50)
“Not at all useful” to Moderately useful response options 0 (0)

How helpful/not helpful was the game in improving your PA knowledge?

Extremely helpful 33
Very helpful 4 (4
Moderately helpful 1(1
Slightly helpful 22
Not at all helpful 0 (0)

How helpful/not helpful was the game in improving your motivation to do PA?

Extremely helpful 2 (20)
Very helpful 6 (60)
Moderately helpful 1(10)
Slightly helpful 1(10)
Not at all helpful 0 (0)




Table 4. Game acceptability/usability (cont.)

Acceptability scale rating (10-point scale; 1 to 10: higher is more positive) 8.9(SD =14
n=10)
Acceptability Likert responses N (%)

Satisfaction with nutrition topics
How satisfied/dissatisfied were you with the nutrition topics?

Extremely satisfied 8 (80)
Somewhat satisfied 2 (20)
Slightly satisfied 0(0)
“Slightly” through “Extremely dissatisfied” response options 0(0)
How personally useful/not useful did you find the nutrition topics?

Extremely useful 8 (80)
Very useful 2 (20)
Moderately useful 0(0)
Slightly useful and Not at all useful 0(0)
How helpful/not helpful was the game in improving your knowledge of a healthy diet?
Extremely helpful 4 (40)
Very helpful 4 (40)
Moderately helpful 2 (20)
“Slightly helpful” and “Not at all helpful” 0(0)
How helpful/not helpful was the game in improving your motivation to eat a healthy diet?
Extremely helpful 3(30)
Very helpful 5 (50)
Moderately helpful 2 (20)
“Not at all helpful” and “Slightly helpful” response options 0(0)

Satisfaction with weight management topics
How satisfied/dissatisfied were you with the weight management topics?

Extremely satisfied 7 (70)
Somewhat satisfied 3 (30)
“Extremely dissatisfied” to “Slightly satisfied” response options 0(0)
How personally useful/not useful did you find the weight management topics?

Extremely useful 8 (80)
Very useful 2 (20)
“Not at all useful” to “Moderately useful” response options 0(0)
How helpful/not helpful was the game in improving your knowledge of weight management?
Extremely helpful 3(30)
Very helpful 5 (50)
Moderately helpful 0 (0)
Slightly helpful 2 (20)
Not at all helpful 0 (0)
How helpful/not helpful was the game in improving your motivation to lose weight?
Extremely helpful 5 (50)
Very helpful 2 (20)
Moderately helpful 1(10)
Slightly helpful 1 (10)
Not at all helpful 1(10)

Note: There were multiple response options for each question with parallel negative and positive options (e.g., Extremely satisfied,
Somewhat satisfied, Slightly satisfied, Slightly dissatisfied, Somewhat dissatisfied, Extremely dissatisfied). In many cases the negative
options were not used, therefore response options were combined, where appropriate, in the table.

tent were modified to be consistent with national were not modified, while others were modified
recommendations and the needs of adults in this (e.g., cartoon-like home screen, font size, move-
age group. In addition, based on stakeholder in-  ment instructions). This phase also gathered

put, some game features (e.g., music, question beneficial input to inform the implementation
background graphics) of the youth game version ~ of the game. For example, adults over 50 ex-



Adaptation of a health game for adults over 50

pressed their interest in team gameplay for the
social aspect, so this approach was used in the
implementation phase of the study. These find-
ings underscore the value of using theory and
stakeholder input in developing health games.

The findings from the randomized implementa-
tion pilot will guide the development of future
large-scale research projects. For example, the
similar (or slightly better) adherence and retention
rates for the nutrition workshop plus game group
(vs workshop alone) are encouraging for devel-
oping future studies that use the health game to
enhance other health education interventions in
adults over 50. The adherence in the game group
is notable since this group also required a greater
time commitment. These results underscore the
potential value of the game for engaging par-
ticipants and the need for further large-scale re-
search to help understand the impact.

The feedback on the usability of the game (e.g.,
feasibility, acceptability) was positive overall. Spe-
cifically, the feedback on the feasibility of game
implementation was encouraging (e.g., 100% felt
instructions and educational content were easy
to understand); and acceptability questions indi-
cated consistently positive feedback. Examples
of acceptability feedback include: 80% indi-
cated that they would be likely (i.e., somewhat-
extremely likely) to recommend it to friends and
100% rated it as a good (i.e., somewhat to very
good) tool to teach adults trying to lose weight
about healthy eating, physical activity, and
weight management. In addition, 100% were
satisfied with the physical activity, nutrition, and
weight management topics included in the game.
Although generally very positive, there was more
variability in responses to questions about in-
creasing knowledge and improving motivation
for behavior change. Overall, while the findings
supported the feasibility and acceptability of the
game, they also identified areas for continued im-
provement to help achieve greater motivational
and behavioral outcomes related to healthy eat-
ing and physical activity in this age group.

These findings are promising overall and support
the use of an educational exergame as one in-
novative approach, particularly in combination
with a nutrition education workshop, to engage,
educate, and motivate adults over 50 at risk for
type 2 diabetes (T2DM) about healthy lifestyle
changes that may lower diabetes risk. Future de-
velopment and research are suggested to focus
on the development/adaptation of health games

to reach groups at risk of T2DM, especially
adults over 65 who represent the age group at
greatest risk of pre-diabetes and diabetes.

Research strengths and limitations

The study focused on the adaptation of a health
game originally developed for youth and the ex-
amination of the implementation of the adapted
game in adults over 50 with risk factors for T2DM.
This study was unique in its focus on examining
the game in the context of reaching and impact-
ing African American adults with risk factors for
T2DM. The game adaptation process had mul-
tiple strengths including a systematic approach
to tailoring the game, especially including being
informed by theory, prescreening participants
for cognitive functioning (Xu, 2020), and use of
qualitative research methods to address game
adaptation. Another strength was the sequential
multi-phase (exploratory, experimental design,
explanatory) mixed methods design.

The study also had limitations. For example, game
adaptation would have benefitted from the earlier
inclusion of a constituent co-designer to system-
atically participate in each phase of the study to
provide input from a potential game user per-
spective. The implementation pilot had common
limitations of game studies with adults (Xu, 2020),
most notably sample size, therefore, the interpre-
tation of outcomes should be considered within
the context of the small sample size and study de-
sign. In addition, although all genders were eligi-
ble, only females enrolled and the age range was
50-65, thereby limiting generalizability to these
groups. These limitations should be addressed
in future research, including expanding to other
racial-ethnic groups and older age ranges and de-
veloping strategies to support broader recruitment.

CONCLUSIONS

The game adaptation process and lessons learned
may help inform the development of health
games for adults over 50. The findings regarding
usability provide preliminary support for use of
this health game in adults over 50 with T2DM risk
factors. Future plans are to continue the develop-
ment and expansion of educational exergames to
promote healthy lifestyle change in diverse older
adults (e.g., racial-ethnic minority groups; adults
over 65) and to conduct large-scale studies to
evaluate the impact of health games in diverse
groups and settings reaching independently liv-
ing older adults, such as senior centers.
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