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ABSTRACT

By 2030, an estimated 21.6% of the U.S. population will exceed
65 years old. Within this demographic, ongoing broad efforts are
needed to address modifiable factors related to common chronic
conditions of aging. Digital, or “serious,” health games offer one
innovative approach to reach and engage older adults, with doc-
umented positive impacts on physical, mental/cognitive, and so-
cial health. Informed by healthy aging theory and community-en-
gaged, user-centered design methods, our multidisciplinary team
has developed a prototype multicomponent educational exergame
designed to educate about and promote healthy lifestyle behaviors
(i.e., healthy eating, physical activity), stimulate cognitive function-
ing, engage movement, and promote social connection. Addition-
ally, we included functional near infrared spectroscopy (fNIRS) in
our pilot work to measure real time brain activation during game-
play. Our objectives are to: 1) describe the formative development
and testing process of an example multi-component educational
exergame, including multidisciplinary team science collaboration,
application of aging theory, and use of community-engaged and
user-centered approaches; and 2) present a pilot study examining
implementation and multiple aspects of an innovative education-
al exergame, including usability, acceptability, preliminary impact,
and cognitive function measurement using brain imaging technol-
ogy (fNIRS) to measure changes in cognitive load during game-
play. The results provide initial support for acceptability, usability,
and positive perceived impact, as well as the preliminary encour-
aging pre to post improvements in behavioral intention, content
knowledge, and relative neural efficiency. This paper also explores
the potential of implementing serious health games in senior cen-

ters as part of their regular programming.

Keywords: exergame, health promotion, older adults, behavior,

cognition
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Juegos digitales de salud para adultos mayores: desarrollo,
implementacion e implicaciones programaticas del uso de
juegos de salud en centros para personas mayores

RESUMEN

Para 2030, se estima que el 21,6 % de la poblaciéon de EE. UU. su-
perara los 65 afos. Dentro de este grupo demografico, se necesitan
amplios esfuerzos continuos para abordar los factores modificables
relacionados con las condiciones crénicas comunes del envejeci-
miento. Los juegos de salud digitales o “serios” ofrecen un enfoque
innovador para llegar e involucrar a los adultos mayores, con im-
pactos positivos documentados en la salud fisica, mental/cognitiva
y social. Informado por la teoria del envejecimiento saludable y
métodos de disefio centrados en el usuario y comprometidos con
la comunidad, nuestro equipo multidisciplinario ha desarrollado
un prototipo de juego educativo multicomponente disefiado para
educar y promover comportamientos de estilo de vida saludable
(es decir, alimentacién saludable, actividad fisica), estimular el
funcionamiento cognitivo, involucrar el movimiento y promover
la conexidn social. Ademads, incluimos espectroscopia de infrarro-
jo cercano funcional (fNIRS) en nuestro trabajo piloto para me-
dir la activacion cerebral en tiempo real durante el juego. Nuestros
objetivos son: 1) describir el desarrollo formativo y el proceso de
prueba de un ejemplo de exergame educativo de multiples compo-
nentes, incluida la colaboracién cientifica de equipos multidisci-
plinarios, la aplicacién de la teoria del envejecimiento y el uso de
enfoques centrados en el usuario y comprometidos con la comu-
nidad; y 2) presentar un estudio piloto que examina la implemen-
tacion y multiples aspectos de un exergame educativo innovador,
incluida la usabilidad, la aceptabilidad, el impacto preliminar y la
medicién de la funcién cognitiva utilizando tecnologia de image-
nes cerebrales (fNIRS) para medir los cambios en la carga cogniti-
va durante el juego. Los resultados brindan un apoyo inicial para
la aceptabilidad, la usabilidad y el impacto positivo percibido, asi
como las mejoras preliminares alentadoras previas y posteriores en
la intencién de comportamiento, el conocimiento del contenido y
la eficiencia neuronal relativa. Este documento también explora el
potencial de implementar juegos de salud serios en centros para
personas mayores como parte de su programacion regular.

Palabras clave: exergame, promocidn de la salud, adultos mayores,
conducta, cognicién
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Background

ecent estimates indicate that

Rl;y 2050, 22% of the total glob-

1 population—including the
United States—will be people 60 years
or older (World Health Organization
[WHO], 2017; Administration on Ag-
ing [AOA], 2020). Many older adults
manage one or more chronic conditions
such as diabetes and cardiovascular dis-
ease, emphasizing the need for healthy
lifestyle promotion (Kochanek et al,
2017). There are many evidence-based
health promotion interventions in old-
er adults targeting multiple behaviors,
such as healthy eating and physical ac-
tivity. National groups, such as the Na-
tional Council on Aging (NCOA) and
the Centers for Disease Control and
Prevention (CDC), have recognized the
importance of using evidence-based in-
terventions to address multiple areas of
healthy aging.

To that end, “serious health
games” may offer an innovative tool to
support healthy aging. Serious health
games are defined as digital games that
focus on impacting health (Adams,
2010), and have been used in a variety
of ways to affect health, such as edu-
cating about health topics, promoting
lifestyle change, supporting self-man-
agement of chronic diseases, and reha-
bilitation. Mounting evidence supports
a positive impact across diverse pop-
ulations (Li, Theng, & Foo, 2014; San-
chez et al., 2019; Staiano & Flynn, 2014;
Zhang et al., 2022). In addition to po-
tential health-related benefits, serious
health games may have benefits based
on their focus on fun, engagement, and

social interaction (Li et al., 2018). Ex-
ergames, a specific type of health game,
are designed to incorporate movement
into gameplay. Exergames have been
widely studied and research has shown
the promising impacts of exergames in
many health areas with diverse popu-
lations (Calafiore et al., 2021; Cugusi,
Prosperini, & Mura; 2021; Street, Lacey,
& Langdon, 2017; Wu et al., 2022). Ex-
ploring the use of serious health games
in general and specifically exergames as
a health promotion approach may pave
the way for their consideration among
evidence-based interventions incorpo-
rated into programs and policies that
support healthy aging in older adults.

Serious Health Games in
Older Adults

ultiple systematic reviews of
serious health games and ex-
ergames have been published

summarizing outcomes in older adults.
Since the focus of our research is on in-
dependently living older adults, we will
summarize relevant work on their im-
pact with this population overall rather
than in specific health issues or clin-
ical populations. In general, research
supports the efficacy of serious health
games on different aspects of health.
One early systematic review (Hall et al.,
2012) (N = 13 studies) of use of digital
video games in older adults conclud-
ed that such games showed positive
impacts in physical (e.g., balance, mo-
bility), mental (e.g., working memory,
depression), and social outcomes. A re-
cent systematic review (Xu et al., 2020)
examined the use of video game inter-
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ventions in older adults (N= 23 studies)
and found a positive impact of such
games on mental (e.g., executive func-
tions, processing speed) and physical
(e.g., balance, mobility, walking perfor-
mance/gait parameters) health of old-
er adults. The authors recommended
the use of exergames, especially those
with a cognitive component, to simul-
taneously affect physical and cognitive
health. For example, one systematic
review (N=18 RCTs) examined the im-
pact of exergames on physical perfor-
mance measures and found a positive
impact of exergames on mobility and
balance (Taylor et al., 2018). A recent
meta-analysis (N=48 studies) examined
the specific effect of exergame training
on various aspects of physical function-
ing in healthy older adults (Hai et al,,
2022). This meta-analysis found that ex-
ergame training demonstrated a small
effect on overall physical functioning
with differential impacts in specific ar-
eas (moderate benefits specifically in
balance, lower body strength, aerobic
endurance; small benefit in gait; neg-
ligible effects on upper body flexibility
and lower body flexibility). Another re-
cent meta-analysis focused on the use
of the Nintendo Wii-Fit exergame (N=
10 studies) found positive improvement
in functional, static, and dynamic bal-
ance in older adults but no significant
impact on lower limb muscle strength
(Liu et al., 2022). In sum, the research
to date highlights the promising impact
of serious health games, especially exer-
games, for older adults.

Cognition in Older Adults and
Impact of Health Games

ne area of health of particular
concern in older adults is cog-
nition. Cognition is the ability

to coordinate thoughts and actions for
completing a goal (Lennox-Smith et al.,
2018). As individuals age, cognitive de-
cline (trouble remembering, recalling,
learning new things, concentrating,
or making decisions) becomes more
prevalent (CDC, 2019; Hegde & Ellajo-
syula, 2016) and often begins to wors-
en between the ages of 50 and 70 years
(Xu et al.,, 2020). Due to the projected
increase in the older adult population,
there is high demand for programs and
interventions aimed at decreasing the
progression of cognitive decline. While
memory can worsen with age, its sever-
ity can be offset by behavioral interven-
tions targeting cognitive stimulation
(Martin et al., 2011). Programs aimed
at slowing cognitive decline among old-
er adults have been previously imple-
mented and have included components
such as education, socialization, and
physical activity in a variety of settings
(Causse et al.,, 2017; Eggenberger et al.,
2016; Fishburn et al., 2014). Exergames
that incorporate these components and
are used in combination with other ap-
proaches may add one innovative ap-
proach to our toolbox to help minimize
cognitive decline.

Researchers performing system-
atic reviews have found that exergames
provide improvement in cognitive and
dual task function (Ogawa et al., 2016)
in older adults and training with video
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games improved several cognitive func-
tions (Toril et al., 2014). For example,
Howes concluded that active computer
games can significantly affect balance
and cognition in older adults (Howes
et al.,, 2017). In another study, Morei-
ra et al. (2021) found that exergam-
ing improved cognitive status in older
adults similar to the effects associated
with traditional exercise training. A
recent review of cognition and exerga-
mes (Stojan & Voelcker-Rehage, 2019)
found executive functions were most
examined in these studies. However,
only four studies included physiological
measures of cortical activity such as us-
ing modalities such as EEG or function-
al near infrared spectroscopy to assess
executive function levels. The extant
literature also suggests exergames may
improve cognitive functioning in older
adults (LeRouge & Wickramasinghe,
2013; Stojan & Voelcker-Rehage, 2019),
although the underlying neural mech-
anisms that may give rise to potential
cognitive and motor benefits of exerga-
mes are not well understood (Yeung &
Chan, 2021). Therefore, more research
is needed to examine changes in neural
activity that may demonstrate the im-
pact of exergame use in older adults.

One emerging technology holds
promise when studying physiological
measures of cognitive function during
movement activities. fNIRS is a non-in-
vasive way to examine the allocation of
cognitive resources and intervention
efficacy by providing measures of brain
oxygenation and hemodynamic change
(a proxy for neural activity) occurring
within the prefrontal cortex (Shewokis
et al.,, 2015, Vassena et al., 2019). fNIRS

can provide information about cog-
nitive load changes, such as improve-
ments in working memory, neural ef-
ficiency, and involvement (Mellecker
et al., 2013). A benefit of fNIRS use is
that it is relatively motion tolerant and
can provide information about cogni-
tive load changes (i.e., improvements in
working memory and neural efficien-
cy) when combined with behavioral
performance data, such as game play
scores (Shewokis et al., 2015; Stojan &
Voelcker-Rehage, 2019). Previous re-
search (Causse et al.,, 2017, Fishburn
et al,, 2014; Vassena et al.,, 2019) has
shown strong agreement between exec-
utive function and average oxygenation
measure changes.

Aging has been linked with high-
er reliance on cognitive resources (Mi-
relman et al., 2017), thereby further
supporting the value of {NIRS measure-
ment in our game research. Moreover,
aging has been linked with a gradual
increase in the activity of prefrontal
cortex; and a comparison between age
groups has shown that this compensa-
tory mechanism may reach a resource
ceiling effect beginning at 70-years-old,
resulting in reduced executive function
efficiency and subsequent motor im-
pairments (Nobrega-Sousa et al., 2020).
Therefore, we believe including oxygen-
ation measures from fNIRS, in combi-
nation with behavioral measures from
game play, in our research paradigm
will provide an innovative way to docu-
ment changes in executive function. In
addition, this current research may gar-
ner preliminary support to include in
consideration of policy and procedures
for implementation of exergaming pro-
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tocols with independently living older
adults.

In summary, the literature to
date supports the positive impact of
serious health game interventions and,
specifically exergames, on important
dimensions of healthy aging, especially
including physical and mental/cogni-
tive health. These serious health games,
particularly exergames, show promise
in impacting independently living old-
er adults as a form of training for both
physical health and cognitive function.
Furthermore, there are few studies
that examine the impact that serious
health games and exergames may have
on social health or social engagement.
Inclusion of exergames to supplement
health-related programs in sites where
large numbers of independently living
older adults (e.g., senior centers, com-
munity centers) congregate may offer
one approach to support the overall ef-
fort to enhance healthy aging.

Objectives of Paper

s described in the background
Asection, research indicates that

positive outcomes of serious
health games exist in multiple health
areas important to successful aging
(Hall et al., 2012, Kovisto & Malik,
2020). At the same time, Hall and col-
leagues (2012) have noted some lim-
itations in game development for older
adults. Furthermore, few studies of ex-
ergames have investigated theory-guid-
ed outcome domains, described specific
development/tailoring for older adults,
or included older adults in the develop-

ment process (Koivisto & Malik, 2020,
Lee et al., 2021). Finally, limited re-
search has used fNIRS to measure pre-
frontal cortex changes that result from
exergaming in older adults. We hope to
address these knowledge gaps with our
work. Therefore, the two aims of this
paper are to: 1) describe the formative
development and testing process of an
example multi-component educational
exergame, including multidisciplinary
team science collaboration (Bennett
& Gadlin, 2012), application of aging
theory, and use of community-engaged
and user-centered approaches (Brox et
al., 2017; LeRouge & Wickramasinghe,
2013);and 2) present a pilot study exam-
ining implementation and evaluation of
multiple aspects of an innovative edu-
cational exergame, including usability,
acceptability, preliminary impact, and
cognitive function measurement us-
ing brain imaging technology (fNIRS)
to measure changes in cognitive load
during gameplay; and conclude by dis-
cussing the programmatic and policy
implications of the use of exergames in
older adults attending senior centers.

Aim 1: Version Formative
Development and Testing
Process

iven the prior literature high-
Glighting the emerging interest
and potential impact of health
games in older adults, our team’s pri-
or work developing, tailoring, and/or
examining the impact of exergames

or gamification in youth and older
adults (Orsega-Smith et al., 2012; Orse-
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ga-Smith et al., 2020; Ruggiero et al,
2014; Ruggiero et al., 2020; Ruggiero,
et al., 2023), we sought to expand this
work in a variety of ways. Building on
our prior work, we organized a multi-
disciplinary team, guided by Success-
tul Aging theory (Rowe & Kahn, 1997)
and user-centered approaches (Lee et
al., 2021), and employed communi-
ty-engaged methods (Brox et al., 2017;
CDC, 2011) to develop and examine a
new multi-component educational ex-
ergame.

Multidisciplinary Development
and Research Team

ur team uses a multidisci-
plinary team science approach
(Bennett and Gadlin, 2012)

with collaborators from computer sci-
ence, psychology/behavioral science,
and kinesiology, along with specific
expertise in aging and motor learn-
ing. The team also brings experience in
the development and implementation
of tailored technology-based health
promotion interventions; communi-
ty-engaged mixed-methods research;
and embodied interactive games. The
development work expanded upon
team members’ prior work with health
game development (Ruggiero et al,
2020; Ruggiero et al., 2023), research
in senior centers using commercial
exergames (Orsega-Smith et al., 2012;
Orsega-Smith et al, 2020), use of
fNIRS in adults participating in cog-
nitively stimulating computer-based
tasks (Bakhshipour et al., 2020; Koiler
et al., 2022; Liang et al., 2016; Milla et

al., 2019), and designing embodied in-
teractive systems and games using Mi-
crosoft Kinect for healthcare education
and rehabilitation (Barmaki & Hughes,
2018a; Barmaki & Hughes, 2018b; Bar-
maki et al.,, 2019; Bork et al., 2017; Yu
et al., 2018).

The game development phase
leveraged our team member’s prior ex-
perience with health games (Barmaki
& Hughes, 2018; Barmaki et al., 2019;
Orsega-Smith etal.,2012; Orsega-Smith
etal., 2020; Ruggiero et al., 2020; Ruggi-
ero etal., 2023; Yu et al., 2018) to devel-
op an educational exergame targeting
multiple areas emphasized in aging the-
ory (see next section). Our prior game
development/tailoring work with older
adults was based on a review of limited
literature at the time on game design for
older adults (e.g., Gerling et al., 2012)
that influenced the specific game design
elements such as quiz-like game, points,
and features such as font size, game
pace, audio, team play option, easy in-
structions; simple game interface. Mul-
tidisciplinary researchers, students,
and programmers worked together to
iteratively design the game, develop the
content, and conduct the formative ex-
amination of the game. The team regu-
larly interacted with a programmer to
discuss initial and ongoing design ideas
and share feedback for ongoing iterative
adaptation of the game.
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Informed by Aging Theory

Measure Cognitive
Functioning

Move & Reason
During Gameplay

Maintain
Physical &
Cognitive
Functioning

My

Questions
Requiring Memory,
Reasoning, &
Problem Solving

Minimize Risk
Of Disease &
Disability

Gain Knowledge:
Healthy Eating &
Physical Activity

Continue
Engagement
with Life

Measure
Engagement
Acceptability

Usability

Have Fun &
Socialize with
Others During

Gameplay

Fun Questions
Team Gameplay
Senior Center
Setting

Knowledge, Behavior,
& Other Outcomes
Measure Knowledge
and Behavior

Questions on
Physical Activity &
Healthy Eating

Figure 1. Successful aging theory informs game development,
implementation and measurement.

Note: The circles represent the theory components, boxes represent game goals and game
question types, and ovals describe measurement areas (Rowe and Kahn, 1997).

ur work is informed by Rowe

and Kahns (1997) mode of

successful aging (see Figure 1)
which posits that successful aging oc-
curs at the intersection of engagement
with life, avoidance of disease, and
maintenance of cognitive and physi-
cal functioning. In the development of
MHP, the overall goals for these three
areas during gameplay were to encour-
age movement and stimulate cognitive
reasoning; have fun and socialize; and
gain knowledge to promote healthy
lifestyles. In a paper highlighting Rowe
and Kahn’s framework, they mention
that engagement with life includes be-
ing part of a social group or engaging in
leisure activities with friends and family
(Liffiton et al., 2012). In turn, this theo-

retical/conceptual framework informed
the specific content, game features, and
gameplay implementation approach,
including physical activity and healthy
eating educational content; cognitively
challenging items; and questions with
tailored difficulty levels, minigames,
and other strategies for example team
gameplay and scores designed to be
fun/engaging. Our development work
focused on using content and strategies
to address each of these areas (See Ta-
ble 1). For example, minimizing risk of
disease and disability was addressed by
including educational questions, educa-
tional messages, and mini-games relat-
ed to healthy eating and physical activ-
ity. Maintaining physical and cognitive
functioning was addressed by including
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cognitive challenge or educational questions, educational messages, mini-games,
and through movement during gameplay. Continued engagement with life was ad-
dressed through inclusion of trivia questions and competition to make it fun and
team gameplay to promote social engagement with others (Liffiton et al., 2012).

Table 1: Healthy Aging Goals/Topics, Game Methods, and Samples Used Across the Game

Healthy Aging

Goal/Area Method Sample Items

Minimize Risk of Disease and Disability — Educate about lifestyle change

Healthy eating Educational 1)Vegetables are a good source of: (a) fiber,
questions (b) vitamins, (c) minerals, (d) all of these
choices

2)You should try to avoid food and drink
containing too many: (a) minerals, (b)
nutrients, (c) added sugars, (d) electrolytes

Healthy eating Educational MyPlate recommends that half the plate be

messages made up of fruits and vegetables.

Healthy eating Mini game Virtually catch dropping fruits and
vegetables while avoiding catching less
healthy items

Physical activity Educational 1)Physical activity can lower the risk of: (a)

questions type 2 diabetes, (b) depression, (c) cancer,

(d) all of these choices

2) What regular activity can help bone
strength? (a) walking around the room
several times, (b) reading a book while on
a stationary bike, (c) lifting soup cans while
watching television, (d) all of these choices

Physical activity Educational Getting at least 150 minutes a week of
messages moderate-level activity, such as brisk
walking, is recommended for older adults.

Physical activity Mini game Complete the swimming breaststroke with
arms while virtually swimming

Maintain physical and cognitive functioning — Educate about and activate cognitive
functioning

Cognitive functioning = Cognitive 1)Which does not belong? (a) team, (b)
challenge sport, (c) cat, (d) goal
questions 2)A soccer game has 45-minute halves, how

long is the full game? (a) 12 minutes, (b) 45
minutes, (c) 90 minutes, (d) 100 minutes
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Finding a new hobby, like learning a new
instrument or language can keep your mind
active!

Cognitive functioning = Educational
messages

Virtually move shapes that appear in the
center of a circle to their matching shapes
around the circle (See Figure 2 for picture)

Cognitive functioning | Mini games

Movement
during
question
responding
gameplay

Physical functioning Stretching arms to virtually answer questions

Movement
during mini
games

Stretching arms or incorporating other
movements to complete mini-game activities

Physical functioning

Maintain engagement with life - Promote fun, engagement, socialization

Social connection Team gameplay | Game implementation involved forming
and playing in teams with encouragement to
cheer on and support team members their

gameplay

Scores for correct answers are provided

for each round of gameplay. Game
implementation involved tracking team
scores across gameplays and teams were
encouraged to compete for the highest score.

Engagement/fun Competition

1) Which famous band released the
album “Abbey Road”? (a) the Beatles, (b)
Aerosmith, (c) Oasis, (d) the Rolling Stones

2) Which city is known as the “City of Love”™?
(a) Paris, (b) Chicago, (c) Hong Kong, (d)
Los Angeles

Trivia
questions

Fun

Note: This table is separated into the three components of the “Successful Aging Theory” (gray
shading used for section headings).

Community-Engaged User-
Centered Game Adaptation

ser-centered design (UCD)
principles, including literature
review, surveys on user pref-
erences for game questions/preferenc-
es; observing gameplay, focus groups,

guided the development of the game
prototype with feedback loops between
design and implementation (Brox et
al., 2017; LeRouge & Wickramasing-
he, 2013). We used UCD for iterative-
ly adapting the game (Lee et al., 2021)
for independently living older adults
and senior center implementation. End
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users’ (older adults) needs, wants (for
instance, movement/content difficul-
ty levels), and suggested modifications
were considered at each stage of the
adaptation process (Baranowski et al.,
2014). This method incorporated mul-
tiple prototype demonstrations with
gameplay iterations. Our integrated
community-engaged approach (CDC/
ATSDR, 2011 involved gathering input
from both senior center staff/leadership
and its members. Overall, we obtained
the following from our community
members over the course of our forma-
tive work: input for game development/
tailoring (e.g., instructions, question/
movement difficulty levels; education-
al content) (Koivisto & Malik, 2020);
general feedback on our overall re-
search approach, especially including
recruitment planning (e.g., strategies;
anticipated barriers/solutions); and in-
put on senior center implementation
approach to support feasibility and en-
hance engagement/fun (e.g., gameplay
approach: timing, frequency, team ap-
proach). These user-centered approach-
es will be more specifically described in

Sample Home Screen for MHP Sample Healthy Eating Question

At least half of all gralns eaten
be what?

Sample Educational Content Screen

"

Sample Fun Question

How many stars are on the
American Flag?

o i 1
Ay
Make Half Your
Plate Fruits And

Vegetables

. b - -9
. Current Player: Current Score:

Player 3 o |
hwr P g

the descriptions of the adaptation and
examination of each game version.

“MyHealthy Picks” (MHP)
Version 1 Description

HP Version 1 used a Unity

game engine (Unity Technol-

ogies, San Francisco, CA) and
Kinect One sensor (Microsoft Corpora-
tion, Seattle, WA) allowing for a robust
physical activity component. In this
embodied interactive game, users’ body
movements and gestures are tracked by
the Kinect sensor to control the game
interface. Users’ images are captured by
the computer camera and projected, so
users see themselves along with ques-
tions and response choices, on a large
monitor in front of them. The game is
played by virtually selecting question re-
sponses by stretching and hovering their
hands over their answer choice (See
photos in Figure 2) or engaging in var-
ious movements during the mini-game
activities. Version 1 focused on the ar-
eas of avoidance of disease and disabili-
ty and maintaining physical functioning

Sample Cognitive Question

Sample Practice Minigame

U, T, What would be
tters in the sequence?

Sample Minigame During Game Play Sample Question During Game Play

Figure 2. Version 2 game, including home screen, sample questions, educational message
screen, cognitive mini-game, and gameplay.
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based on healthy aging theory. Specifi-
cally, content included questions and
educational messages in the areas of
healthy eating and physical activity and
activities were developed to promote
movement (See Table 1 overview).

Version 1 Formative Testing

his pilot was designed to get

I preliminary feedback on ac-
ceptability and usability of the

game from older adults. A convenience
sample of older adults (N=14) was re-
cruited from a senior center using fly-
ers and word of mouth recruitment
approaches. Interested individuals
observed a game demonstration and
played MyHealthy Picks Version 1 at
a senior center. After gameplay, the 14
participants (13 females, 1 male) com-
pleted an anonymous survey that as-
sessed aspects of acceptability and us-
ability of the game. Participants ranged
in age from 65-81 years (mean age =
73.07 years) and ten identified as white
and four as African American/Black.
All 14 participants also took part in a
semi-structured focus group to gather
qualitative feedback on the game. The
structured focus group questions fo-
cused on the general game appearance
and experience, what they liked about
the game, background graphics, text
size and color, and feedback on types of
game questions (healthy eating, phys-
ical activity), planned (cognitive), or
considered (trivia questions). In addi-
tion, recommendations were obtained
for specific types of trivia questions to
add, audio, feedback on educational
messages, and general recommenda-

tions for how to make the game most
appealing to older adults (e.g., Gerling
et al., 2012).

The results generally indicated
favorable feedback on the game with
greater than 90% of participants agree-
ing or strongly agreeing that it had clear
instructions (93%), appealing audio
(92%), readable text (93%), was com-
fortable and enjoyable to play (93%),
and they would play it again if asked to
do so (93%). More than 80% of partici-
pants agreed or strongly agreed that the
sound quality is appropriate (84.6%),
they got excited to get the answers cor-
rect (86%), and the game increased
their enthusiasm for learning more
about healthy eating (84%). In addition,
about 78.6% agreed or strongly agreed
(21.4% neutral) that feedback related to
their correct/incorrect responses was
motivating, and 62% agreed or strong-
ly agreed (15% neutral; 23% disagree/
strongly disagree) that they were paying
attention to their score. These survey
results support the acceptability and
usability of Version 1 of the game.

The focus group input was tran-
scribed and then reviewed by two inves-
tigators to identify the main themes re-
garding game aspects participants liked
or felt needed improvement. When
asked about their overall game expe-
rience, there was a balance of positive
(e.g., “it was fun”), negative (e.g., “hand
tracking wasn’t precise”), and neutral
(e.g., “it wasn't too hard”) comments.
Participants provided positive feedback
on multiple features, such as getting
feedback on answers (e.g., “I liked when
you got a correct answer and the confet-
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ti on the screen”), getting a score (e.g.,
“Getting a score was kind of neat”), and
types of questions (e.g., “good variety”).
The participants provided construc-
tive feedback for further adaptation of
instructions (e.g., more clear), adding
more trivia question types (e.g., history,
movies, sports), adding levels of con-
tent (e.g., easy, medium, hard), adding
options for movement, improving the
graphics and colors, and improving the
hand tracker sensitivity.

Version 2 Game Adaptation

ased on the participant feedback

and observations by our team,

the following adaptations were
made to create MyHealthy Picks Ver-
sion 2: 1) improved color contrast and
graphics overall; 2) added new catego-
ries of questions (i.e., cognitive stimu-
lation activities, trivia) and developed
additional questions in the areas of
physical activity and healthy eating to
create different levels of difficulty 3) re-
fined the hand tracking for gameplay
(i.e., Kinect sensor sensitivity); and 4)
developed minigames to add other op-
portunities for movement. Cognitively
stimulating questions to target areas of
attention, perception, comprehension,
executive control, and calculation were
developed by our multidisciplinary
team. It has been suggested that gam-
ification of these types of cognitive
training questions may be enjoyable for
older adults (Lumsden et al,, 2016). A
variety of trivia questions, such as his-
tory, movies, and music, were added to
the game based on senior center mem-
ber input to make the game more fun

and engaging. Content was expanded
for physical activity and healthy eating
and, in general, content was obtained
from reliable information sources, such
as USDA MyPlate.gov, National Insti-
tute on Aging, Dietary Guidelines for
Americans, U.S. Department of Health
and Human Services Physical Activity
Guidelines for Americans, and the Cen-
ters for Disease Control and Prevention
(CDC). Various levels of questions (easy
and moderate) and use of a team game-
play implementation approach was
added to encourage social engagement.
This adaptation process also included
regular meetings with the programmer
to exchange ideas for adapting the game
based on user input and researcher ob-
servations to work towards developing
the next version.

Version 2 Formative Testing

ollowing initial development, the

new educational, trivia, and cog-

nitive questions were reviewed by
a convenience sample of six older adults
who were in the target age range of 65—
85 years of age including senior center
members and general population. Par-
ticipants were given the new and ex-
panded list of questions to review and
were asked to provide feedback on per-
ceived difficulty level, interest, and per-
ceived relevance of the trivia questions.
Based on the user feedback, the ques-
tions were refined and categorized by
level of difficulty. This process led to the
final set of questions incorporated into
Version 2 to be tested in the formative
pilot on this game version.
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A new MyHealthy Picks Version
2 was demonstrated to and/or played by
a small sample of members from a local
senior center (N = 4; 3 females, 1 male).
Over a 30-minute demonstration peri-
od, participants either directly played
the game or observed others play the
game. The gameplay was followed by
a focus group (N = 4) in which addi-
tional feedback was garnered on overall
impression of game, aspects liked, areas
for improvement, anticipated use, and
feedback on specific game features (for
example, questions, mini-games, sen-
sor use, movement). Two investigators
independently reviewed the transcript
for overall themes and suggested areas
for game refinement. Most comments
(about 20%) on overall impression of
the game (i.e., “what did you think of
MyHealthy Picks?”; “How would you
describe the game in a few words?”)
were positive, such as “engaging,” “en-
couraging,” “fun,” “informative,” “col-
orful,” and “fun and different...way of
learning” Examples of aspects of the
game they liked included “learning,’
“move your body,” and “exercising your
brain” General suggestions offered for
enhancing the game focused on add-
ing levels or more instructions/practice
before gameplay, and using rewards.
Feedback for improving specific game
features focused on improvement in
mini-game functioning. Responses to
the questions of “would you play the
game again?” and “would you recom-
mend it to a friend?” were all positive.

Version 3 Game Adaptation

ased on feedback using game
BVersion 2, the following adapta-

tions were made to the game to
develop MyHealthy Picks Version 3: 1)
adding a practice round for participants;
2) providing instructions (text and au-
dio) within the game to explain how to
play; and 3) improving the functioning
of the three minigames. For piloting
purposes, this game version focused on
inclusion of 20 easy questions in each
of four categories: healthy eating, phys-
ical activity, cognition, and trivia; and
three mini-games focused on the three
healthy aging areas (See Table 1).

Aim 2: Implementation
Pilot (Version 3) Participant
Eligibility, Criteria,
Recruitment, and Incentives

articipants were recruited from
Pa senior center via distribution

of study information in fliers,
social media, informational sessions,
and word of mouth. Interested senior
center members signed up during an
informational session at the local se-
nior center. Inclusion criteria were age
65-95 years, community dwelling and
independently living, and a member of
our partner senior center. Participants
were excluded if they had health con-
ditions that precluded participation in
physical activity and were non-English
speaking. Prior to participation and
guided by the consent form, interested/
eligible individuals were fully informed
of the study purpose, procedures, risks,
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and benefits, and given the opportuni-
ty to have their questions addressed; if
interested, they completed the consent
form for participation. Upon comple-
tion of participation, each participant
received a ten-dollar gift certificate as
an incentive. All procedures were ap-
proved by the University of Delaware’s
Institutional Review Board.

Procedure

articipants completed an in-

formed consent process, complet-

ed a pre-questionnaire, had the
fNIR sensor placed on their foreheads,
played the game for 15 minutes as a pre-
test, and subsequently were assigned to
a team. The team gameplay occurred in
four sessions over a two-week period.
Participants worked together in teams
of two to three members to answer
knowledge, trivia, and cognitive chal-
lenge questions and competed for the
highest score across the teams. Follow-
ing the four sessions of team game play,
individuals completed a post-question-
naire and had a post session of individ-
ual gameplay for 15 minutes with the
fNIRS measures being taken.

Questionnaires were conducted
electronically on an IPAD using Qual-
trics or on paper, as preferred by the
participant. The pre-questionnaire col-
lected demographics, health status, and
stages of change/intention to change.
The post-questionnaire included stages
of change/intention to change, accept-
ability (e.g., satisfaction), and usability
(e.g., perceived ease of use, usefulness
of game).

Measures
Demographics

Questions assessed the following: gen-
der, race, age, education, marital status,
employment status, annual salary, liv-
ing situation, and health conditions.

Behavioral stages of change

Adapted from Nigg and colleagues
(1999) five stages of change questions,
participant’s intentions or engagement
in a health behavior were assessed.
Questions were used for the following
behaviors: eating five or more fruits and
vegetables per day, eating whole grains,
avoiding high fat proteins, avoiding
high fat dairy, avoiding sugary drinks,
and engaging in 30 minutes of physical
activity per day. Participants were asked
to select one of the following statements
related to intention or engagement in
each behavior: No, and I do not intend
to start in the next six months (i.e.,
precontemplation stage); No, but I in-
tend to start sometime in the next six
months (i.e., contemplation stage); No,
but I intend to start in the next month
(i.e., preparation stage); Yes, I have been
but for less than 6 months (i.e., action
stage); and Yes, I have been for 6 months
or more (i.e., maintenance stage).

Usability

The System Usability Scale (SUS;
Brooke, 1996) was adapted to focus
specifically on health games. Example
items include “I think that I would need
technical support to be able to use this
game,” “I found the various features in
this game were well integrated,” and “I
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thought there was too much incon-
sistency/repetition in this game.” The
standard scoring approach was used to
create the final usability score [range =
0-100; Brooke, 1996] and a benchmark
of 68 was used for comparison (Hyzy et
al., 2022).

Acceptability, Perceived Impact,
and Anticipated Use

The researchers developed a survey to
gather information on acceptability
(content, game features, mini-games,
team play), perceived impact, antic-
ipated frequency of use, and recom-
mendation to others (See Table 3 for
survey items). In addition, one survey
item addressed recommending the
game to other adults. These questions
used a four item Likert scale with re-
sponse choices of “strongly disagree,
“disagree,” “agree,” or “strongly agree”
One additional item asked: “How often
would you play the game if you could
play it at home?” with response choices
of “never;” “less than once a week,” “once
a week,” and “more than once a week”

Cognition

The Saint Louis University Mental Sta-
tus Exam (SLUMS) was used to screen
for detecting mild cognitive impair-
ment (Tariq et al., 2006). It uses small
cognition tasks such as recalling simple
words, reciting numbers backwards,
and answering verbatim questions after
a small passage.

Pre and Post-test Content
Knowledge

Ten questions each on healthy living,

physical activity, and cognitive chal-
lenge assessed each of these areas. These
questions were items included in the
game during 15 minutes of gameplay
as part of the pre and post-test during
fNIRS data collection. Sample game
questions included: “What are the ben-
efits of physical activity?” and “What
should half of your plate include?” This
measure was scored by summing cor-
rect answers across the 30 items (range
= 0-30) and creating a percentage cor-
rect (0-100%).

Brain Oxygenation and Relative
Neural Efficiency

fNIRS was used to measure prefrontal
neural correlates of cognitive aspects of
the exergame. Our fNIRS system (fNIR
Devices, Model 200s) requires partic-
ipants to wear a headband-like sensor
pad on the forehead and provides im-
ages of the surface of the brain (Figure
3). Placement of the fNIRS sensor band
aligns the center of both the horizontal
and vertical axes of the head with those
of the band. This fNIRS system involves
a series of four light sources and 10
light detectors. The light sources intro-
duce near-infrared light introduced to
the scalp, and the light detectors collect
the light that travels through the brain
and back to the surface. Part of the light
will be absorbed by hemoglobin in the
blood stream when it travels through
the tissue. Based on the amount of ab-
sorbed light (the difference between
emission and detection), the concen-
tration of oxygen can then be calcu-
lated (oxyhemoglobin or A HbO). The
greater the concentration of A HbO, the
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|' Light detectors ‘

Figure 3. In the top picture, the fNIRS sensor pad includes light sources (in or-
ange) and detectors (in red). Infrared light is absorbed by hemoglobin in the
blood screen. Oxygenation is calculated from the difference between emitted and
detected light. The bottom picture shows a participant with the sensor pad placed
on the forehead, where it will capture oxygenation of the prefrontal cortex.

more neural activity is occurring in that
section of the brain. To examine chang-
es in cognitive load that occur as a re-
sult of exergame practice, we calculated
an estimate of relative neural efficiency
(RNE), which is a measure that places
brain oxygenation measures within the
context of participant performance as a
means to quantify the relationship be-
tween these two measures. In our case,
a high scoring SLUMS performance
coupled with low oxygenation values
indicates high relative neural efficien-
cy, whereas a low SLUMS performance
with high oxygenation values indicates
low relative neural efficiency (Koiler
et al., 2022; Paas et al., 2003; Paas et
al., 2005). This allows us to interpret
changes in brain oxygenation with-

in the context of changes in exergame
performance following the principles of
Cognitive Load Theory (Sweller, 1988).

Results

Participant Descriptives

he participants in this study were

independently living members

of a local community center.
There were thirteen total participants,
all females and white with a mean age
of 78.3 years of age (range 67-94 years).
All participants were retired and had a
high school education or greater with a
majority living alone (69%). The three
most common health conditions re-
ported were arthritis, hypertension,
and thyroid disorder.
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Acceptability, Perceived Impact
and Anticipated Use

Greater than 90% of participants re-
sponded either “agree” or “strongly
agree” to all but one acceptability and
perceived impact question. For one
content acceptability item (i.e., educa-
tional content was easy to understand),
85% of participants responded with

Table 3: Version 3 Pilot Survey Results

either “agree” or “strongly agree” All
participants (100%) agreed or strong-
ly agreed that they would recommend
the game to other adults. Regarding an-
ticipated frequency of use of the game
at home, the majority (92%) indicated
they would play the game again. These
results indicate overall favorable ac-
ceptability and strong perceived impact
of the game.

Strongl . Strongl
Content Area Disagfe};. Disagree Agree Agl';o’ey
Question

n % N % n % N %
Content Acceptability
It was easy for me to
understand the educational 2 15.38 0 0.00 7 15387 | 4 30.77
content.
I was satisfied with the
healthy eating and physical | | 769 | o | 000 | 9 6923 | 3 | 23.08
activity educational
questions.
Iwas.satlsﬁedwuhthe trivia ] 7 69 0 0.00 s | 6154 4 30.77
questions.
I'was satisfied with the brain |- - (o o o050 | g | 6154 4 | 3077
teaser and puzzle questions.
Game Features
Acceptability
It was easy for me to
understand the instructions. 1 7.69 0 0.00 8 |6l>4] 4 30.77
I'was satisfied with the game |\ 17 o0 | o | 000 | 6 |4615| 6 | 46.15
audio.
['was satisfied with the 1| 769 | 0| 000 | 6 |4615]| 6 | 46.15
graphics.
['was satisfied with the 0| 000 | o | 000 | 9 |6923| 4 | 3077
music.
['was satisfied with the pace | | 00 | o | 000 | o [6923] 4 | 3077
of the game.

146



Digital Health Games for Older Adults

Mini-Game Acceptability

I was satisfied with the shape

. . 0 0.00 0 0.00 9 |75.00| 3 25.00
matching activity.

I was satisfied with the
activity where you catch 0 0.00 0 000 | 7 [77.78| 2 | 22.22
fruits and vegetables.

I was satisfied with the

S g 0 0.00 0 000 | 7 [8750 1 12.50
swimming activity.

The shape matching activity

0 0.00 0 0.00 10 | 83.33 2 16.67
was fun.

The activity where you catch
fruits and vegetables was 0 0.00 1 [ 10.00 | 6 | 60.00| 3 [ 30.00
fun.

The swimming activity was

0 0.00 0 0.00 6 | 66.67 3 33.33
fun.

Acceptability with Social
Aspects of Game

Playing the game with a

0 0.00 0 0.00 5 | 38.46 8 61.54
team was fun.

I found it enjoyable playing

1 7.69 0 0.00 9 6923 3 23.08
the game

I enjoyed the social part of

the playing the game. 1 7.69 0 0.00 7 | 5385 5 38.46

Perceived Impact of Game

The game was helpful in
improving my physical 0 0.00 0 0.00 | 11| 8462 3 15.38
activity knowledge.

The game was helpful in
increasing my motivationto | 0 0.00 1 769 | 9 16923 3 | 23.08
do physical activity.

The game was helpful in
improving my knowledge of | 0 | 0.00 0 | 000 |11 8462 2 | 15.38
a healthy diet.

The game was helpful in
increasing my motivationto | 0 0.00 0 0.00 | 11 | 84.62| 2 15.38
eat a healthy diet.

Recommend Game

I would recommend this

game to other adults 0 0.00 0 0.00 8 | 6154 | 5 38.46

Frequency of Gameplay

If you could play this game
at home, how often would 1 7.69 3 23.08 | 4 |30.77| 5 38.46
you play it?
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System Usability Survey

The average SUS score was 77.5 (out of
100; sample range =45-100; SD = 15.94).
Since the benchmark for satisfactory
usability is 68 (Hyzy et al., 2022), this
suggests usability of this health game
with older adults is promising.

Stage of Behavior Change

There was little or no change in stage of
change for grain intake, fruit and vege-
table consumption, and avoiding sugar
sweetened beverages. For avoiding high
fat protein intake at baseline, five indi-
viduals were in pre-contemplation/con-
templation stages and after two weeks
of gameplay, three of those individuals
moved into the action stage. Similarly,
for avoiding high fat dairy intake there
were six individuals in pre-contempla-
tion/contemplation stages at baseline
and after two weeks of gameplay, four
of those individuals moved into the ac-
tion stage. Additionally, there was no
reported movement in intention to get
30 minutes of physical activity per day.

Knowledge

Following two weeks of MyHealthy
Picks game play, individual participant
overall knowledge scores significantly
changed from pre to post-test (t=2.8,
p=.008; n= 13). The overall number of
correct answers was converted to a per-
centage correct (i.e., 27/30 is 90%). At
pre-test individuals on average scored
81.6 (SD=15.4) and post-test was 91.8
(SD=6.9). Looking at the individual
scores, 85% of participants had increas-
es in their knowledge scores, one (8%)

stayed at the same level (at 100%) and
one (8%) participants score slightly
decreased. In terms of specific compo-
nents, examination of pre-post physical
activity knowledge approached signif-
icance (t=1.6, p= 0.07). Examination
of healthy eating questions revealed a
significant difference (t=2.67, p=.013)
in knowledge of healthy eating between
pre-test (67.04, SD=31.99) and post-test
(88.89, SD=10.99). In summary, partic-
ipants showed improvements in their
knowledge of healthy eating and physi-
cal activity from pre-test to post-test.

Relative Neural Efficiency

We were able to collect fNIRS data from
all participants during pre- and post-
tests; because data reduction and anal-
ysis are complex, time consuming, and
ongoing, we are reporting the results
from the first participant for whom we
were able to process both tests (Figure
4). The results suggest improvement
in estimated RNE from pre-test to
post-test for one participant. During
the pretest, the participant expended a
significant amount of cognitive effort
during the exergame while perform-
ing relatively poorly (i.e., obtaining a
low score) when answering the MHP
questions during exergaming. After
two weeks of practice (4 gameplays),
this participant improved in RNE; that
is, the participant answered more ques-
tions correctly using fewer neural re-
sources. The participant moves from the
low efficiency quadrant (high effort/low
score) to the high efficiency quadrant
(low effort, high score) after 2 weeks
of practice (4 sessions). This pattern of
change from low to high RNE is often
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associated with learning (Shewokis et
al., 2015; Shewokis et al., 2017). While
the results only represent one partici-
pant, they do indicate that, for at least
this participant, the two-week educa-
tional exergame training appeared to
enhance learning on the performance

task. These results show promise that
practice with the exergame may help
to reduce cognitive load over time and
underscore the importance of further
research incorporating fNIRS measure-
ment in health game research with old-
er adults.
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Figure 4. Changes from pre-test to post-test in an estimate of
relative neural efficiency for one participant.

Discussion

his paper described the devel-

opment process of an example

multicomponent  educational
exergame, including multidisciplinary
team science collaboration, applica-
tion of aging theory, and use of com-
munity-engaged and user-centered ap-
proaches. Additionally, we presented
our ongoing formative pilot work ex-
amining implementation and multiple
aspects of an innovative educational
exergame, including usability, accept-
ability, preliminary impact; and mea-

surement of cognitive function. In this
discussion section, we will discuss the
programmatic implications of the use
of this example exergame and health
games in general within health promo-
tion programs/activities for older adults
attending senior centers.

Summary of Game
Development Process

e highlighted our multi-
disciplinary team science
approach and iterative user-

centered, community engaged ap-
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proach in the development of a multi-
component educational exergame for
older adults. The development of the
game was informed by focus groups
and iterative input from older adults
in senior centers, along with senior
center staff. Game development and
implementation was conducted in the
context of regular interactions with our
multidisciplinary research and devel-
opment team (including programmers)
to share ideas and determine needed
or desired adaptations. The game it-
erations evolved to include additional
features to promote enhanced engage-
ment, support cognitive functioning,
and facilitate socialization among par-
ticipants. The development of the game
benefitted from the diverse perspectives
and experiences of the team and the
formative input from the older adults
attending senior centers.

Summary of Formative
Research

terative formative pilot studies were

described focusing on different

versions of the game. The results
of the formative implementation pilot
studies suggest that participants found
the innovative educational exergame,
MyHealthy Picks, to be acceptable on
multiple levels, including the content,
game features, mini-games, and social
aspects of gameplay. The qualitative in-
put helped to confirm the game aspects
that were liked by participants, such
as physical activity and healthy eating
content; and areas that needed contin-
ued adaptation and refinement, such

as instructions for gameplay. Following
the 2-week implementation of the pilot
game, senior center members indicated
that they felt the game would have an
impact on their knowledge and motiva-
tion related to healthy eating and phys-
ical activity. Participants also demon-
strated pre-post improvements in their
knowledge related to healthy eating and
physical activity and with performance
in cognitive challenges. Preliminary be-
havioral data suggested positive move-
ment in their stages of change for avoid-
ance of high-fat protein and avoidance
of high-fat dairy intake. Further, the
cognitive load results, while limited to a
single case example, suggests that prac-
tice with the exergame may improve rel-
ative neural efficiency and reduce cog-
nitive load in as little as two weeks (four
gameplay sessions). The findings of our
formative work on MyHealthy Picks are
promising and align with the overall
literature demonstrating the positive
impact of health games along multiple
dimensions of healthy aging in older
adults. This exergame, and other such
serious health games for older adults,
should continue to be examined in
large-scale studies to investigate effec-
tiveness in diverse populations and set-
tings. Future studies are also needed to
further explore fNIRS assessment with-
in game implementation. Larger scale
implementation studies are planned
and, if effective, this game may provide
another in innovative tool to incorpo-
rate into senior center programming
to be used in combination with other
evidence-based health promotion pro-
gramming to support healthy aging.

150



Digital Health Games for Older Adults

Program and Policy
Implications

he literature on the positive im-

pact of health games in various

populations, specifically with
older adults, supports their potential
value. The accumulating literature, in-
cluding reviews and meta-analyses sug-
gests that such games should be taken
seriously as a potential tool to support
healthy aging (Hai et al., 2022; Stojan &
Voelcker-Rehage, 2019; Xu et al., 2020).

Serious health games have mul-
tiple benefits as potential strategies to
complement and combine with other
health promotion programing. For ex-
ample, they can be easily implemented
in a variety of settings for independent-
ly living older adults, including in their
homes and community centers where
groups gather.

Senior centers represent one
community setting that is generally ac-
cessible to a large portion of older adults
and are influenced by policy and pro-
grammatic approaches to provide edu-
cational, nutritional, and food services
for assisting older adults independent
living (Schneider et al., 2014). The lit-
erature supports the notion that social
engagement is a common reason for
attending a senior center (Chang-Gus-
ko et al.,2022; Pardasani & Thompson,
2012; Taylor-Harris & Zhan, 2011) as is
participating in health and wellness re-
lated classes, such as health education,
exercise classes, cognitive strengthen-
ing-related classes (Pardasani, 2019). A
recent review of senior centers in Can-
ada and in the United States (Kadowaki

& Mahmood, 2018) note that a key fo-
cus on programming is health and well-
ness, with the most common reported
programs related to nutrition, exercise,
and blood pressure monitoring. Incor-
porating educational exergames in se-
nior centers in combination with other
evidence- based health promotion pro-
grams have the potential to enhance en-
gagement and impact multiple aspects
of healthy aging. Furthermore, these
games may also promote social inter-
action while participating in fun, edu-
cational activities. Our findings provide
preliminary support for acceptability,
feasibility, and usability of MyHealthy
Picks for potential use in a senior cen-
ter setting.

As evidence is accumulated for
the potential positive impact of health
games, in general, on older adults, these
games could be considered by organi-
zations that evaluate and promote evi-
dence-based senior center programs/
interventions as an additional potential
approach that may support healthy ag-
ing. The establishment of a substantial
body of evidence on the positive impact
could help inform policy relating to the
use of exergames as part of the calcu-
lations used to determine state funding
for senior centers. In the state of Del-
aware, exergames may fall under one
of the program areas (physical fitness)
used to assess service levels among the
state’s Grant- in-Aid eligible senior cen-
ters. Service and participation level in-
formation, in addition to demographic
and geographic analyses, is used to de-
termine public funding appropriations
for these centers (https://www.biden-
school.udel.edu/ipa/content-sub-site/
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Pages/Senior-Center-Grant-in-Aid-
Funding-Formula-Program.aspx). This
idea of federal funding and policies
for health promoting activities may be
further explored under the Title III-B
Older American Act Funding (National
Council on Aging, 2022b). This poli-
cy suggests that senior centers may be
funded based on programs that pro-
mote aging in place which includes
health promotion type programs.

Some senior centers already uti-
lize some form of exergame, such as
Nintendo Wii bowling, as a form of
regular activity programming. Agen-
cies that oversee senior centers could
consider a policy to set aside time/
space at centers to allow members to
participate in exergames. For example,
in the state of Delaware, there are over
100 senior centers with members who
independently play Wii bowling on
teams. They have established a league
where senior center members compete
against each other virtually and weekly
submit their scores. This then serves as
a way for individuals to interact socially
as a team, be physically active, and have
some fun competition on a regular ba-
sis. This is one specific example of how
a region has successfully incorporated
the use of an exergame in a population
of older adults attending senior or com-
munity centers. The regular use of these
exergames has continued and been sus-
tained for ten years in this region and
suggests that this type of exergame use
can be easily implemented and sus-
tained in community /senior centers.

Lessons learned through our pi-
lot work on MyHealthy Picks provides

guidance for programmatic senior cen-
ter health game implementation. Senior
center member interviews and focus
group, and staff feedback suggest it is
important to consider participant com-
fort (e.g., sitting/standing; difficulty lev-
el) in gameplay, involve a trained facil-
itator to provide a brief demonstration
and instructions prior to game play,
encourage social interaction through
team play, and incorporate incentives
for participating in the game play. Ad-
ditionally, participants suggested that
this game could incorporate opportu-
nities for intergenerational game play
by encouraging interaction between
grandparents and grandchildren. Inter-
generational exergame play may pro-
mote social engagement and education
about health promotion, while being
physically active.

Conclusion

mplementation of exergames, in

general, and MyHealthy Picks as an

example, may represent an innova-
tive approach to engage, educate, facil-
itate socialization, and impact healthy
aging in older adults attending senior
centers or community centers. Accu-
mulating evidence found in systematic
reviews and meta-analyses, as well as
our preliminary findings, support the
impact of health games and underscore
the importance of considering such ev-
idence-based approaches, especially in
combination with other health-promo-
tion programs, for use in senior centers.
Furthermore, the initial fNIRS research
suggests that playing these types of ex-
ergames with an educational compo-
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nent may enhance learning on a per-
formance task as indicated with brain
activation. These initial results suggest
the need for future studies of health
game implementation incorporating
fNIRS assessment to further under-
stand the mechanisms by which cogni-

tive load may be reduced. Larger scale
implementation studies are planned
and if effective, this game may be add-
ed as another innovative complemen-
tary educational option to healthy ag-
ing programming to consider for older
adults at senior or community centers.

Acknowledgements: The authors would like to acknowledge and
thank the senior center members, administrators, and staff for
their time, input, participation, and support; numerous incredible
graduate and undergraduate students who supported the develop-
ment of the game; and the programmers, especially Zachary Carey,
for their contributions to this project.

References

Adams, S. A. (2010). Use of serious health games in health care: a review. Informa-
tion Technology in Health Care: Socio-Technical Approaches 2010, 160-166.

Aday, R. H., Wallace, B. & Krabill, J. J. (2019). Linkages between the senior cen-
ter as a public place and successful aging, Activities, Adaptation ¢ Aging,
43(3),211-231, 10.1080/01924788.2018.1507584

Administration on Aging, U.S. Department of Health & Human Services. (2020).
2019 Profile of Older Americans. Administration for Community Living.
2019 Profile of Older Americans (acl.gov)

Bakhshipour, E., Koiler, R., Milla, K., & Getchell, N. (2020, July). Understanding
the Cognitive Demands of the Purdue Pegboard Test: An fNIRs Study. In
International Conference on Applied Human Factors and Ergonomics (pp.
55-61). Springer, Cham.

Baranowski, T. (Moderator), Belchior, P. (Participant), Chamberlin, B. (Participant)
& Mellecker, R. (Participant). (2014). Levels in games for health: Round-
table discussion. Games For Health Journal: Research, Development, and
Clinical Applications, 3(2), 60-63.

Barmaki, R., & Hughes, C. (2018a). Gesturing and embodiment in teaching: In-
vestigating the nonverbal behavior of teachers in a virtual rehearsal envi-
ronment. Proceedings of the AAAI Conference on Artificial Intelligence,
32(1). https://doi.org/10.1609/aaai.v32i1.11394

153


https://doi.org/10.1080/01924788.2018.1507584
https://acl.gov/sites/default/files/Aging%20and%20Disability%20in%20America/2019Profileolderamericans508.pdf
https://doi.org/10.1609/aaai.v32i1.11394

Journal of Elder Policy

Barmaki, R., & Hughes, C. E. (2018b). Embodiment analytics of practicing teach-
ers in a virtual immersive environment. Journal of Computer Assisted
Learning, 34(4), 387-396. https://doi.org/10.1111/jcal. 12268

Barmaki, R., Yu, K., Pearlman, R, Shingles, R., Bork, E, Osgood, G. M., & Navab,
N. (2019). Enhancement of anatomical education using augmented real-
ity: An empirical study of body painting. Anatomical Sciences Education,
12(6), 599-609. https://doi.org/10.1002/ase.1858

Bennett, L. M., & Gadlin, H. (2012). Collaboration and team science: from theo-
ry to practice. Journal of investigative medicine : the official publication of
the American Federation for Clinical Research, 60(5), 768-775. https://doi.
org/10.2310/JIM.0b013e318250871d

Biden School. (n.d.) Senior Center Grant in Aid Funding Formula. https://www.
bidenschool.udel.edu/ipa/content-sub-site/Pages/Senior-Center-Grant-
in-Aid-Funding-Formula-Program.aspx

Bork, F, Barmaki, R., Eck, U,, Fallavolita, P., Fuerst, B., & Navab, N. (2017). Ex-
ploring non-reversing magic mirrors for screen-based augmented reali-
ty systems. 2017 IEEE Virtual Reality, 373-374. https://doi.org/10.1109/
VR.2017.7892332

Brooke, J. (1996). SUS: A quick and dirty usability scale. Usability evaluation in
industry. CRC Press.

Brox, E., Konstantinidis, S. T., & Evertsen, G. (2017). User-centered design of se-
rious games for older adults following 3 years of experience with exerga-
mes for seniors: A study design. JMIR Serious Games, 5(1), e2. https://doi.
org/10.2196/games.6254

Calafiore, D., Invernizzi, M., Ammendolia, A., Marotta, N., Fortunato, E, Paolucci,
T., Ferraro, E, Curci, C., Cwirlej-Sozanska, A., & de Sire, A. (2021). Efficacy
of virtual reality and exergaming in improving balance in patients with
multiple sclerosis: a systematic review and meta-analysis. Frontiers in Neu-
rology, 12, 773459. https://doi.org/10.3389/fneur.2021.773459

Causse, M., Chua, Z., Peysakhovich, V., Del Campo, N., & Matton, N. (2017).
Mental workload and neural efficiency quantified in the prefrontal cortex
using fNIRS. Scientific Reports, 7(1), 5222. https://doi.org/10.1038/s41598-
017-05378-x

Centers for Disease Control and Prevention. (2019, February). Subjective cogni-
tive decline: A public health issue. https://www.cdc.gov/aging/data/subject
ive-cognitive-decline-brief.html

CDC/ATSDR Committee on Community Engagement, Centers for Disease Con-

154


https://doi.org/10.1111/jcal.12268
https://doi.org/10.1002/ase.1858
https://www.bidenschool.udel.edu/ipa/content-sub-site/Pages/Senior-Center-Grant-in-Aid-Funding-Formula-Program.aspx
https://www.bidenschool.udel.edu/ipa/content-sub-site/Pages/Senior-Center-Grant-in-Aid-Funding-Formula-Program.aspx
https://www.bidenschool.udel.edu/ipa/content-sub-site/Pages/Senior-Center-Grant-in-Aid-Funding-Formula-Program.aspx
https://doi.org/10.1109/VR.2017.7892332
https://doi.org/10.1109/VR.2017.7892332
https://doi.org/10.2196/games.6254
https://doi.org/10.2196/games.6254
https://doi.org/10.3389/fneur.2021.773459
https://doi.org/10.1038/s41598-017-05378-x
https://doi.org/10.1038/s41598-017-05378-x
https://www.cdc.gov/aging/data/subjective-cognitive-decline-brief.html
https://www.cdc.gov/aging/data/subjective-cognitive-decline-brief.html

Digital Health Games for Older Adults

trol and Prevention (U.S.). Public Health Practice Program Office. (2011)
Principles of community engagement. 2" Edition. Atlanta, GA: Centers
for Disease Control and Prevention Public Health Practice Program Office.

Chang-Gusko, Y. S., Meissner, E., & Kiithne, K. (2022). Community-based health
promotion for Senior Citizens—What We Can Learn from South Korean
Model of Senior Centers. In Transdisciplinary Perspectives on Public Health
in Europe (pp. 41-58).

Cassens, M., & Tsenov, A. (2022). Transdisciplinary Perspectives on Public Health
in Europe. Springer Fachmedien Wiesbaden.

CTSA Community Engagement Key Function Committee, Centers for Disease
Control and Prevention. (2011). Principles of community engagement. Na-
tional Institute of Health. https://www.atsdr.cdc.gov/communityengagem
ent/pdf/PCE_Report_508_FINAL.pdf

Cugusi, L., Prosperini, L., & Mura, G. (2021). Exergaming for quality of life in
persons living with chronic diseases: A systematic review and meta-anal-
ysis. PM & R: The Journal of Injury, Function, and Rehabilitation, 13(7),
756-780. https://doi.org/10.1002/pmrj.12444

Eggenberger, P., Wolf, M., Schumann, M., & de Bruin, E. D. (2016). Exergame and
balance training modulate prefrontal brain activity during walking and en-
hance executive function in older adults. Frontiers in Aging Neuroscience,
8. https://doi.org/10.3389/fnagi.2016.00066

Fan, J., Beuscher, L., Newhouse, P,, Mion, L. C., & Sarkar, N. (2018). A collabora-
tive virtual game to supportactivity and social engagement for older adults.
Human-Computer Interaction, Methods, Technologies, and Users: 12" Inter-
national Conference. p. 192-204. https://dl.acm.org/doi/abs/10.1007/978-
3-319-92049-8_14

Fang, Q., Aiken, C. A., Fang, C., & Pan, Z. (2019). Effects of exergaming on physi-
cal and cognitive functions in individuals with autism spectrum disorder;
A systematic review. Games for Health Journal, 8(2), 74-84. https://doi.
org/10.1089/g4h.2018.0032

Fishburn, E A, Norr, M. E., Medvedev, A. V., & Vaidya, C. J. (2014). Sensitivity of
fNIRS to cognitive state and load. Frontiers in Human Neuroscience, 8 (76).
https://doi.org/10.3389/fnhum.2014.00076

Gerling, K.M., Schulte, EP,, Smeddinck, J., Masuch, M. (2012). Game Design for
Older Adults: Effects of Age-Related Changes on Structural Elements of
Digital Games. In: Herrlich, M., Malaka, R., & Masuch, M. (eds) Entertain-
ment Computing - ICEC 2012. ICEC 2012. Lecture Notes in Computer Sci-
ence, vol 7522. Springer, Berlin, Heidelberg. https://doi.org/10.1007/978-

155


https://doi.org/10.1002/pmrj.12444
https://doi.org/10.3389/fnhum.2014.00076
https://doi.org/10.1007/978-3-642-33542-6_20

Journal of Elder Policy

3-642-33542-6_20

Hai, L., Hou, H. Y., Zhou, C,, & Li, H. J. (2022). The effect of exergame training
on physical functioning of healthy older adults: A meta-analysis. Games
for Health Journal, 11(4), 207-224. https://doi.org/10.1089/g4h.2021.0173

Hall, A. K., Chavarria, E., Maneeratana, V., Chaney, B. H., & Bernhardt, J. M.
(2012). Health benefits of digital videogames for older adults: A systematic
review of the literature. Games for Health Journal, 1(6), 402-410. https://
doi.org/10.1089/g4h.2012.0046

Hedge, S. & Ellajosyula, R. (2016). Capacity issues and decision-making in de-
mentia. Annals of Indian Academy of Neurology, 19(5): 34-39. https://www.
annalsofian.org/article.asp?issn=0972-2327;year=2016;volume=19;iss
ue=5;spage=34;epage=39;aulast=Hegde

Howes, S. C., Charles, D. K., Marley, J., Pedlow, K., & McDonough, S. M. (2017).
Gaming for health: Systematic review and meta-analysis of the physical
and cognitive effects of active computer gaming in older adults. Physical
Therapy and Rehabilitation Journal, 97(12), 1122-1137. https://doi.org/
10.1093/ptj/pzx088

Hyzy, M., Bond, R., Mulvenna, M., Bai, L., Dixm A, Leigh, S., & Hunt, S. (2022). Sys-
tem usability scale benchmarking for digital health apps: A meta-analysis.
JMIR mHealth and uHealth, 10(8),124-134. https://doi.org/10.2196/37290

Kadowaki, L., & Mahmood, A. (2018). Senior centres in Canada and the Unit-
ed States: A scoping review. Canadian Journal on Aging, 37(4), 420-441.
https://doi.org/10.1017/s0714980818000302

Kochanek, K. D., Murphy, S. L., Xu, J. Q., & Arias, E. (2017). Mortality in the Unit-
ed States, 2016. NCHS Data Brief, 293. https://www.cdc.gov/nchs/data/
databriefs/db293.pdf

Koiler, R., Schimmel, A., Bakhshipour, E., Shewokis, P., & Getchell, N. The im-
pact of fidget spinners on fine motor skills in individuals with and without
ADHD. (2022). Journal of Behavioral and Brain Sciences, 12(3), 82-101.

Koivisto ], & Malik A. (2020). Gamification for older adults: A systematic litera-
ture review. The Gerontologist, 61970, e360—e372. https://doi.org/10.1093/
geront/gnaa047

Lee, S., Oh, H., Shi, C. K., & Doh, Y. Y. (2021). Mobile game design guide to im-
prove gaming experience for the middle-aged and older adult population:
User-centered design approach. JMIR Serious Games, 9(2), €24449. https://
doi.org/10.2196/24449

156


https://doi.org/10.1007/978-3-642-33542-6_20
https://doi.org/10.1089/g4h.2012.0046
https://doi.org/10.1089/g4h.2012.0046
https://www.annalsofian.org/article.asp?issn=0972-2327;year=2016;volume=19;issue=5;spage=34;epage=39;aulast=Hegde
https://www.annalsofian.org/article.asp?issn=0972-2327;year=2016;volume=19;issue=5;spage=34;epage=39;aulast=Hegde
https://www.annalsofian.org/article.asp?issn=0972-2327;year=2016;volume=19;issue=5;spage=34;epage=39;aulast=Hegde
https://doi.org/10.2196/37290
https://doi.org/10.1093/geront/gnaa047
https://doi.org/10.1093/geront/gnaa047
https://doi.org/10.2196/24449
https://doi.org/10.2196/24449

Digital Health Games for Older Adults

Lenox-Smith, A., Reed, C., Lebrec, J., Belger, M., & Jones, R. W. (2018). Potential
cost savings to be made by slowing cognitive decline in mild Alzheimer’s
disease dementia using a model derived from the UK GERAS observation-
al study. BMC Geriatrics, 8(57), 1-6. https://doi.org/10.1186/s12877-018-
0748-9

LeRouge, C., & Wickramasinghe, N. (2013). A review of user-centered design for
diabetes-related consumer health informatics technologies. Journal of Di-
abetes Science and Technology,7(4), 1039-1056. https://doi.org/10.1177%
2F193229681300700429

Li, J., Theng, Y. L., & Foo, S. (2014). Game-based digital interventions for depres-
sion therapy: a systematic review and meta-analysis. Cyberpsychology, be-
havior and social networking, 17(8), 519-527. https://doi.org/10.1089/cyb
er.2013.0481

Liang, L. Y., Getchell, N., & Shewokis, P. A. (2016). Brain activation in the prefron-
tal cortex during motor and cognitive tasks in adults. Journal of Behavioral
and Brain Science, (12),463-474. https://doi.org/10.4236/jbbs.2016.612042

Liffiton, J.A., Horton, S., Baker, J. et al. Successful aging: how does physical activity
influence engagement with life? Eur Rev Aging Phys Act 9, 103-108 (2012).
https://doi.org/10.1007/s11556-012-0098-0

Liu, H., Xing, Y., & Wu, Y. (2022). Effect of Wii fit exercise with balance and lower
limb muscle strength in older adults: A meta-analysis. Frontiers In Medi-
cine, 9(81257). https://doi.org/10.3389/fmed.2022.812570

Lumsden J., Edwards E. A., Lawrence N.S., Coyle D., & Munafo M. R. (2016). Gam-
ification of cognitive assessment and cognitive training: A systematic re-
view of applications and eflicacy. JMIR Serious Games, 4(2), ell. https://
doi.org/10.2196/games.5888

Martin, M., Clare, L., Altgassen, A. M., Cameron, M. H., & Zehnder, F. (2011).
Cognition-based interventions for healthy older people and people with
mild cognitive impairment. The Cochrane Database of Systematic Reviews,
(1), CD006220. https://doi.org/10.1002/14651858.CD006220.pub2

Mellecker, R., Lyons, E. J., & Baranowski, T. (2013). Disentangling fun and enjoy-
ment in exergames using an expanded design, play, experience framework:
a narrative review. Games for Health Journal, 2(3): 142-149. https://doi.
org/10.1089%2Fg4h.2013.0022

Milla, K., Bakhshipour, E., Bodt, B., & Getchell, N. (2019). Does movement mat-
ter? Prefrontal cortex activity during 2D vs. 3D performance of the tow-
er of Hanoi puzzle. Frontiers in Human Neuroscience, 13: 156. https://doi.
org/10.3389/fnhum.2019.00156

157


https://doi.org/10.1186/s12877-018-0748-9
https://doi.org/10.1186/s12877-018-0748-9
https://doi.org/10.1177%2F193229681300700429
https://doi.org/10.1177%2F193229681300700429
https://doi.org/10.1089/cyber.2013.0481
https://doi.org/10.1089/cyber.2013.0481
https://doi.org/10.4236/jbbs.2016.612042
https://doi.org/10.1007/s11556-012-0098-0
https://doi.org/10.3389/fmed.2022.812570
https://doi.org/10.2196/games.5888
https://doi.org/10.2196/games.5888
https://doi.org/10.1002/14651858.CD006220.pub2
https://doi.org/10.1089%2Fg4h.2013.0022
https://doi.org/10.1089%2Fg4h.2013.0022
https://doi.org/10.3389/fnhum.2019.00156
https://doi.org/10.3389/fnhum.2019.00156

Journal of Elder Policy

Mirelman, A., Maidan, 1., Bernad-Elazari, H., Shustack, S., Giladi, N., & Hausdorf,
J.M. (2017). Effects of gaining on prefrontal brain activation during chal-
lenging walking conditions. Brain and Cognition, 115, 41-46. https://doi.
org/10.1016/j.bandc.2017.04.002

Moreira, N. B., Rodacki, A. L., Costa, S. N., Pitta, A., & Bento, P. C. (2021). Per-
ceptive-cognitive and physical function in prefill older adults: Exergaming
versus traditional multicomponent training. Rejuvenation Research. 24(1),
28-36. https://doi.org/10.1089/rej.2020.2302

National Center for Chronic Disease Prevention and Health Promotion. (2022, Sep-
tember 8). Promoting Health for Older Adults. Center for Disease Control
and Prevention. https://www.cdc.gov/chronicdisease/resources/publicatio
ns/factsheets/promoting-health-for-older-adults.htm#:~:text=CDC
%E2%80%99s%20National%20Center%20for%20Chronic%20Dis
ease%20Prevention%20and,and%20deliver%20quality%20care%20t0%20
their%20care%20recipients.

National Center for Health Statistics. (2017). Health, United States, 2016, with
chartbook on long-term trends in health (No. 2017). Government Printing
Ofhice. https://www.cdc.gov/nchs/data/hus/hus16.pdf

National Council on Aging. (2022a). Evidence based programs. https://www.ncoa.
org/evidence-based-programs

National Council on Aging. (2022b).Understanding federal funding for senior cen-
ters. https://www.ncoa.org/article/understanding-federal-funding-for-sen
ior-centers

National Prevention Council. (2016). Healthy Aging in Action: Advancing the Na-
tional Prevention Strategy. U.S. Department of Health and Human Ser-
vices. https://www.cdc.gov/aging/pdf/healthy-aging-in-action508.pdf

Nigg, C. R,, Burbank, P. M., Padula, C., Dufresne, R., Rossi, J. S., Velicer, W. E,
Laforge, R. G., & Prochaska, J. O. (1999). Stages of change across ten health
risk behaviors for older adults. The Gerontologist, 39(4), 473-482. https://
doi.org/10.1093/geront/39.4.473

Ogawa, E. E, You, T., & Leveille, S. G. (2016). Potential benefits of exergaming for
cognition and dual-task function in older adults: A systematic review. Jour-
nal of Aging and Physical Activity, 24(2), 332-336. https://doi.org/10.1123/
japa.2014-0267

Orsega-Smith, E., Davis, J., Slavish, K., & Gimbutas, L. (2012). Wii fit balance in-
tervention in community-dwelling older adults. Games for Health Journal,
1(6), 431-435. https://doi.org/10.1089/g4h.2012.0043

158


https://doi.org/10.1016/j.bandc.2017.04.002
https://doi.org/10.1016/j.bandc.2017.04.002
https://doi.org/10.1089/rej.2020.2302
https://www.cdc.gov/nchs/data/hus/hus16.pdf
https://www.ncoa.org/evidence-
https://www.ncoa.org/evidence-
https://www.ncoa.org/article/understanding-federal-funding-for-senior-centers
https://www.ncoa.org/article/understanding-federal-funding-for-senior-centers
https://www.cdc.gov/aging/pdf/healthy-aging-in-action508.pdf
https://doi.org/10.1093/geront/39.4.473
https://doi.org/10.1093/geront/39.4.473
https://doi.org/10.1123/japa.2014-0267
https://doi.org/10.1123/japa.2014-0267
https://doi.org/10.1089/g4h.2012.0043

Digital Health Games for Older Adults

Orsega-Smith,E., Kalksma PJ., Harris, W. & Drazich, B. (2020). Older adults and
exergames olympics: Feasibility and fun. Activities, Adaptation ¢ Aging,
45(2),118-134. https://doi.org/10.1080/01924788.2020.1728044

Nobrega-Sousa, P., Gobbi, L., Orcioli-Silva, D., Conceicao, N., Beretta, V.S., & Vito-
rio, R. (2020). Prefrontal cortex activity during walking: Effects of aging and
associations with gait and executive function. Neurorehabilitation and Neu-
ral Repair, 34(10), 915-924. https://doi.org/10.1177/1545968320953824

Paas, E, Tuovinen, J. E., Tabbers, H., van Gerven, P. W. M. (2003). Cognitive load
measurement as a means to advance cognitive load theory. Educational
Psychologist, 38(1), 63-71. https://doi.org/10.1207/S15326985EP3801_8

Paas F, Tuovinen, J. E., van Merrienboer, J. J. G., & Darabi, A. A. (2005). A mo-
tivational perspective on the relation between mental effort and perfor-
mance: Optimizing learner involvement in instruction. Educational Tech-
nology Research and Development, 53(3), 2-34. https://psycnet.apa.org/
doi/10.1007/BF02504795

Pardasani, M. (2019). Senior centers: if you build will they come? Educational Ger-
ontology, 45(2), 120-133.

Pardasani, M., & Thompson, P. (2012). Senior centers: Innovative and emerging
models. Journal of Applied Gerontology, 31(1), 52-77.

Rowe, J. W,, & Kahn, R. L. (1997). Successtul Aging. The Gerontologist, 37(4), 433—
440. https://doi.org/10.1093/geront/37.4.433

Ruggiero, L., Chebli, P.,, Froukh, S., Castillo, A., PhD, Seltzer, E., & Odoms-Young,
A. (2023). Adaptation of a health game for adults over 50 and examination
of its acceptability, feasibility, and preliminary impact when implement-
ed with a nutrition education intervention. Gerontechnology, 22(1), 1-12.
https://doi.org/10.4017/gt.2023.22.1.809.05

Ruggiero, L., Moadsiri, A., Quinn, L.T., Riley, B.B., Danielson, K.K., Monahan, C.,
Bangs, B.A., & Gerber, B.S. (2014). Diabetes island: Preliminary impact of
a virtual world self-care educational intervention for African Americans
with type 2 diabetes. JMIR Serious Games, 2(2), 1-8. https://doi.org/10.
2196/games.3260

Ruggiero, L., Seltzer, E. D., Dufelmeier, D., Montoya, A. M., & Chebli, P. (2020).
MyPlate picks: Development and initial evaluation of feasibility, accept-
ability, and impact of an educational exergame to help promote healthy
eating and physical activity in children. Games for Health Journal, 9(3),
197-207. https://doi.org/10.1089/g4h.2019.0056

Sanchez, I. T., Salmeron, Y. M., Lopez, L. L., Rubio, A. O, Torres, J. R., & Valen-

159


https://doi.org/10.1080/01924788.2020.1728044
https://doi.org/10.1177/1545968320953824
https://doi.org/10.1207/S15326985EP3801_8
https://link.springer.com/article/10.1007/BF02504795
https://link.springer.com/article/10.1007/BF02504795
https://doi.org/10.1093/geront/37.4.433
https://doi.org/10.4017/gt.2023.22.1.809.05
https://doi.org/10.2196/games.3260
https://doi.org/10.2196/games.3260
https://doi.org/10.1089/g4h.2019.0056

Journal of Elder Policy

za, M. C. (2019). Videogames in the treatment of obstructive respiratory
diseases: A systematic review. Games for Health Journal, 8(4), 237-249.
https://doi.org/10.1089/g4h.2018.0062

Schneider, A. E., Ralph, N., Olson, C., Flatley, A. M., & Thorpe, L. (2014). Pre-
dictors of senior center use among older adults in New York City public
housing. Journal of Urban Health, 91(6), 1033-1047.

Shewokis, P. A., Ayaz, H., Panait, L., Liu, Y., Syed, M., Greenawald, L., Shariff, E U.,
Castellanos, A., & Scott Lind, D. (2015). Brain-in-the-loop learning using
fNIR and simulated virtual reality surgical tasks: Hemodynamic and be-
havioral effects. HCI. https://doi.org/10.1007/978-3-319-20816-9_31

Shewokis P. A., Shariff EU,, Liu Y., Ayaz, H., Castellanos, A., Lind, D. S. (2017).
Acquisition, retention and transfer of simulated laparoscopic tasks using
fNIR and a contextual interference paradigm. American Journal of Surgery,
213(2), 336-345. https://doi.org/10.1016/j.amjsurg.2016.11.043

Staiano, A.E. & Flynn, R. (2014). Therapeutic use of active videogames: A system-
atic review. Games for Health Journal. 3(6), 351-365. https://doi.org/10.10
89/g4h.2013.0100

Street, T. D., Lacey, S. J., & Langdon, R. R. (2017). Gaming your way to health: A
systematic review of exergaming programs to increase health and exer-
cise behaviors in adults. Games for Health Journal. 6(3). https://doi.org/
10.1089/g4h.2016.0102

Stojan, R., & Voelcker-Rehage, C. (2019). A systematic review on the cognitive
benefits and neurophysiological correlates of exergaming in healthy old-
er adults. Journal of Clinical Medicine, 8(5), 734. https://doi.org/10.3390/
jcm8050734

Sweller, J. (1988). Cognitiveload during problem solving: Effects onlearning. Cogni-
tive Science,12(2), 257-285. https://doi.org/10.1207/s15516709cog1202_4

Tariq, S. H., Tumosa, N., Chibnall, J. T., Perry III, M. H., & Morley, J. E. (2006).
Comparison of the Saint Louis University mental status examination and
the mini-mental state examination for detecting dementia and mild neu-
rocognitive disorder—a pilot study. The American Journal of Geriatric Psy-
chiatry, 14(11), 900-910.

Taylor, L. M., Kerse, N., Frakking, T., & Maddison, R. (2018). Active video games
for improving physical performance measures in older people: A meta-
analysis. Journal of Geriatric Physical Therapy, 41(2), 108-123. https://doi.
org/10.1519/jpt.0000000000000078

Taylor-Harris, D., & Zhan, H. J. (2011). The third-age African American seniors:

160


https://doi.org/10.1089/g4h.2018.0062
https://doi.org/10.1007/978-3-319-20816-9_31
https://doi.org/10.1016/j.amjsurg.2016.11.043
https://doi.org/10.1089/g4h.2013.0100
https://doi.org/10.1089/g4h.2013.0100
https://doi.org/10.1089/g4h.2016.0102
https://doi.org/10.1089/g4h.2016.0102
https://doi.org/10.3390/jcm8050734
https://doi.org/10.3390/jcm8050734
https://doi.org/10.1207/s15516709cog1202_4
https://doi.org/10.1519/jpt.0000000000000078
https://doi.org/10.1519/jpt.0000000000000078

Digital Health Games for Older Adults

Benefits of participating in senior multipurpose facilities. Journal of Geron-
tological Social Work, 54(4), 351-371. https://doi.org/10.1080/01634372.2
010.539588

Toril, P, Reales, J. M., & Ballesteros, S. (2014). Video game training enhances cog-
nition of older adults: A meta-analytic study. Psychology and Aging, 29(3),
706-716. https://doi.org/10.1037/a0037507

Vassena, E., Gerrits, R., Demanet, J., Verguts, T., & Siugzdaite, R. (2019). Antici-
pation of a mentally effortful task recruits Dorsolateral Prefrontal Cortex:
An {NIRS validation study. Neuropsychologia, 123, 106-115. https://doi.
org/10.1016/j.neuropsychologia.2018.04.033

World Health Organization. (2017, May 1). 10 facts on ageing and health. https://
www.who.int/news-room/fact-sheets/detail/10-facts-on-ageing-and-
health

Wu, J., Chen, Z., Zheng, K., Huang, W., Liu, F, Lin, J., & Ren, Z. (2022). Benefits
of exergame training for female patients with fibromyalgia: a systematic
review and meta-analysis of randomized controlled trials. Archives of Phys-
ical Medicine and Rehabilitation, 103(6), 1192-1200.

Xu, W, Liang, H. N., Baghaei, N., Wu Berberich, B., & Yue, Y. (2020). Health
benefits of digital videogames for the aging population: A systematic re-
view. Games for Health Journal, 9(6), 389-404. https://doi.org/10.1089/
g4h.2019.0130

Yeung, M. K., & Chan, A. S. (2021). A systematic review of the application of func-
tional near-infrared spectroscopy to the study of cerebral hemodynam-
ics in healthy aging. Neuropsychology Review, 31(1), 139-166. https://doi.
org/10.1007/s11065-020-09455-3

Yu, K., Barmaki, R., Unberath, M., Mears, A., Brey, J., Chung, T. H., & Navab, N.
(2018). On the accuracy of low-cost motion capture systems for range of
motion measurements. In Proceedings of Medical Imaging 2018: Imaging
Informatics for Healthcare, Research, and Applications, 10579, 105790G.
https://doi.org/10.1117/12.2293670

Zhang, Y., Han, T., Ding, Y., & Zhao, S. (2022, May). Design of Somatosensory
Interactive Balance Training Exergame for the Elderly Based on Tai Chi.
In Human Aspects of IT for the Aged Population. Technology in Everyday
Living: 8th International Conference, ITAP 2022, Held as Part of the 24th
HCI International Conference, HCII 2022, Virtual Event, June 26-July 1,
2022, Proceedings, Part II (pp. 305-319). Cham: Springer International
Publishing.

161


https://doi.org/10.1080/01634372.2010.539588
https://doi.org/10.1080/01634372.2010.539588
https://doi.org/10.1037/a0037507
https://doi.org/10.1016/j.neuropsychologia.2018.04.033
https://doi.org/10.1016/j.neuropsychologia.2018.04.033
https://www.who.int/news-room/fact-sheets/detail/10-facts-on-ageing-and-health
https://www.who.int/news-room/fact-sheets/detail/10-facts-on-ageing-and-health
https://www.who.int/news-room/fact-sheets/detail/10-facts-on-ageing-and-health
https://doi.org/10.1089/g4h.2019.0130
https://doi.org/10.1089/g4h.2019.0130
https://doi.org/10.1007/s11065-020-09455-3
https://doi.org/10.1007/s11065-020-09455-3
https://doi.org/10.1117/12.2293670
https://doi.org/10.1117/12.2293670



