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Abstract

Background: Game-based cognitive assessments (GBCAS) have the potential to transform the field of cognitive testing by
enabling more effective screening of age-related cognitive decline. However, we lack a strong understanding of the usability and
overall user experience of these games. This is a risk because the primary target users for GBCAS, older people, are seldom
involved in game design research and devel opment.

Objective: Thisstudy aimsto addressthis gap by investigating the usability, acceptability, and enjoyability of GBCAsfor older
people.
Methods: This study followed established practices for undertaking evidence-based systematic reviews.

Results: Theinitial database search returned 15,232 records. After athorough screening process, 8 studies remained for extraction
and analysis. A synthesis of theincluded papersidentified 2 overlapping yet distinct areas of focus: system usability and subjective
user experience. Usability scoreswere mostly positive across the studiesincluded. However, in several of the game studies, older
adults and those with cognitive impairment tended to find GBCAs less usable. This trend was observed even when the games
were explicitly designed for these populations, and the tasks were simplistic and representative of basic daily activities. In our
second focus area, user experience, we identified the importance of perceived challenge in mediating gameplay experience across
groups. That is, generating the appropriate level of difficulty for each user isimportant for positive user experiences, specifically
enjoyment.

Conclusions: On the basis of these findings, we identified key learnings for researchers interested in designing and devel oping
GBCAs. These include (1) recognizing that validity is essential but not sufficient on its own; (2) clearly defining the intended
user; (3) designing gamesthat align with the unique preferences and needs of older people; and (4), whenever possible, providing
each user with their optimal level of challenge.
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Introduction

Background

In recent years, there has been growing enthusiasm about the
use of serious game—based technology. The primary objective
of these gamesisto increase user engagement and motivation,
thereby offering people a more pleasant environment to
complete“serious’ objectivesthat go beyond entertainment [1].
One area identified as being particularly well suited to the
application of serious game technology isthefield of cognitive
assessment [2].

Serious games for cognitive assessment have typically been
developed in 1 of 2 ways [3]. The first is “gamification,” the
process of building game-like features onto a cognitive task.
Thisincludes adding points, time limits, or appealing graphics
to the foundational design of a traditional task. The second is
to create or usean “actual” game, where the entire environment
has been purposefully designed to be a game. This approach,
more commonly associated with the term serious game, offers
more creative development options, player choice, in-game
competition, overarching narratives, and integrated or blended
design elements. Thisapproach is commonly based on theories
of cognition or reimagining commercial games rather than
reproducing a traditional cognitive task [3]. However, there
remains significant confusion and inconsistency across the
literature regarding what constitutes a serious game versus a
gamified task. Therefore, unless otherwise noted, this paper
refers to both approaches collectively as game-based cognitive
assessments (GBCAS).

Traditional Cognitive Screening and the Case for
Change

Traditional cognitive assessments are used by health
professionals to evaluate a person’s cognitive, or “thinking,”
functions to identify cognitive impairments or age-related
declines, such asAlzheimer'sdisease (AD) [4,5]. Most clinicians
initially use short cognitive screening tests (eg, 10-15 min) when
assessing these functions. Although there are clear and
well-evidenced benefits of using traditional cognitive assessment
and screening tools (eg, the Montreal Cognitive Assessment
has been shown to have high sensitivity [6]), there are also
several issues that reduce their overal effectiveness. One
concern often cited by usersis that traditional screening tests
can be boring and repetitive, thereby reducing user motivation
and engagement during assessment. Thisis problematic because
data obtained from individua swho are not motivated to perform
atask to the best of their abilities may not be representative of
their optimal performance, and this can cause misleading
performance data (eg, false positives) [1]. Brief assessment tools
also lack ecologic validity, meaning tasks may not trandate to
real-life circumstances [1,3,7]. In addition, assessments can
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sometimes create feelings of shame and distress [8].
Consequently, some people report significant test anxiety as
well as self-stigma related to low literacy or education levels
when completing cognitive tests [9,10]. Another limitation is
the concerning association between cognitive performance and
education level found with many screening tools [5]. Finally,
some widely used neuropsychological tests are not culturaly
appropriate [11].

An initial attempt to address some of the concerns with
traditional screening methods included digital software suites,
such as CogTest and the Cambridge Neuropsychological Test
Automated Battery [12]. Although these tools enable more
consistent assessment and data capture, they are essentially
digitized versions of traditional cognitive tests and, thus, are
not gamified. Tests of this nature have encountered validation
issues [12] as well as similar problems to traditional testing,
such as alack of user motivation when performing somewhat
uninteresting tasks on a computer [2].

GBCAs Offer Exciting Alternatives, but They Must
Be Valid, Acceptable, and Motivating

Games have recently been seen asaviable alternative to address
many of these issues and improve both testing engagement and
vaidity [1,2,12]. Thebenefits of using GBCAsincludeincreased
participant motivation and engagement relative to traditional
tasks[2,3]. GBCAs can also offer shorter, more cost-effective,
and scalable assessments [13,14]. Unlike traditional
“pen-and-paper” assessments, games do not need to beinitiated
by acare provider and can be designed for self-administration
or delivery by nonclinicians [1,14]. In addition, they may
support more ecologically valid assessment through realistic
context and gameplay, thereby engaging cognitive processesin
ways that closely mirror real-life situations [15,16]. GBCAs
can also enable consistent tracking of an individual’s cognitive
performance data to support the detection of subtle changes or
variations in cognitive processes over time [14]. The richness
of this type of data can provide invaluable population-level
insight into subtle aggregate patterns, changes, or important
impacts (eg, effects of exercise or smoking) on cognitive health
across groups. Thisis an especially attractive prospect, given
the increasing sophistication of machine learning models.

However, to justify their use, GBCAsmust function as effective
and reliable cognitive assessment tools (ie, psychometrically
validated) while al so being usable, acceptable, and motivating.
Much of the current literature on GBCAS assumes that the
simple process of gamification improves user engagement and
creates a more satisfying and less tedious experience than
traditional pen-and-paper or digitized neurological tests.
Although many games have been found to achieve this [1-3],
this is not always the case. For instance, Birk et al [17] found
that adding game elementsto standard cognitive tests (eg, go/no
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go; n-back tasks) did not improve user engagement when
compared with the original task. Gamification actually reduced
test performance for the go/no go task. Tong et a [18] reported
difficultiesin testing a carnival whack-a-mole game with older
users, also based on the go/no go paradigm, because of
ergonomic issues with mobile and touchscreen devices (eg, the
difficulty holding a touch device). It is also important to
recognize that there may be restrictive settings or social contexts
where GBCAs may be impractical, and traditional approaches
may be more appropriate.

Overall, when games are not appropriately designed for their
target users or contexts, they risk being neither acceptable nor
motivating. Similarly, games might be skillfully designed and
psychometrically validated but not adequately evaluated from
users perspectives. A systematic review of game-based
interventions for neuropsychological assessment, training, and
rehabilitation found that user experience evaluation was
performed in <25% of interventions, with usability and
enjoyability assessed in only 13% and 18%, respectively [19].
For a technology specifically aimed at increasing user
engagement and enjoyment, this lack of user design input and
evaluation appearsto be abarrier to achieving the technology’s
intended outcomes.

GBCAsfor Older Users

The group of interest for this study is older people (aged =50
years) who have or may be at risk of cognitive decline and,
consequently, neurocognitive disorders (eg, dementia, such as
AD). Recent research on aging has suggested that groups
considered marginalized (eg, peopl e experiencing homel essness
or incarceration) are at risk of age-related conditions, such as
frailty and cognitive impairment [20,21], once they reach the
age of 50. Thus, to ensure adequate inclusion of people
considered marginalized who are at risk of cognitive decline,
we define older people as those aged =50 years.

Concerns about user engagement are exacerbated for game
assessments aimed at detecting cognitive decline such as
dementia because the target group for such tests is typically
older people. This represents a challenge because games are
rarely designed for or tested with older people. By contrast,
there is promising—but preliminary—research to suggest that
people who either have or are at risk of cognitive decline can
play, attend to, and enjoy digital games, even when they do not
have previous experience with touchscreen devices [22].
However, their ability to successfully complete gamified tasks
appears to depend on the specific application and mechanics
used within a game [22]. More broadly, the game preferences
of older people seem to be different from those of younger
cohorts, with studies reporting the preferences of older users
gravitating toward intellectually stimulating games (ie, puzzle,
educational, and strategy games) [23] that enable them to
compete for high scores, require only a single player, and
emphasize intellectual challenge over quick reflexes [22].
According to Blocker et al [24], games with violent content,
fantasy characteristics, or interactive web-based components
arenot preferred by older users. A qualitative study investigating
the cognitive game preferences of older peoplein prison reported
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similar findings [25], with participants suggesting a need to
avoid*“ childish” game design, which somefound condescending.

The Useful Conceptsof Usability and User Experience

Across the design literature, usability and user experience are
cited as major determinants of the successful adoption of any
information system. Therefore, both are useful concepts when
considering the acceptability, motivation, and engagement
generated by any GBCA.. Usability isthe capacity of an object
(ie, adigital game-based application) to functionally serve its
intended purpose (ie, valid cognitive assessment) through
qualities ranging from technical efficiency to conformity and
configuration to ease of use [26]. According to the International
Organization for Standardization (1SO: 9241-210:2019) [27],
thisrefers to “the extent to which a system, product or service
can be used by specified users to achieve specified goals with
effectiveness, efficiency, and satisfaction in a specified context
of use” According to Hassenzahl and Tractinsky [28], usable
systemsor products enabl e users to achieve pragmatic objectives
successfully and efficiently without obvious barriers.

Ontheother hand, user experiencerefersto thefeelingsaperson
has while interacting with a product under particular conditions
[26]. This means that it goes beyond meeting the instrumental
(pragmatic) need for usefulness and efficiency that good
usability provides. User experience includesthe need to achieve
hedonistic goals [28,29], which involve “users emotions,
beliefs, preferences, perceptions, comfort, behaviors, and
accomplishments that occur before, during and after use” [27].
Although there is a clear overlap, the distinction between the
concepts is that good usability makes it easy for someone to
use something, whereas good user experience makes using that
thing fedl enjoyable or satisfying.

In the context of gamified technology, usability is focused on
technical features such as a seamless interface, ergonomics,
clear instructions, minimal in-game bugs or errors, and other
featuresthat facilitate use, whereas user experienceisconcerned
with impacting a person’s subjective experience about the
contents of agame, that is, a compelling narrative, an exciting
challenge, mativation toward certain objectives, and so on [26].
There are more detailed and stratified definitions of usability
and user experience across the user design literature (eg, refer
to the 10 Usahility Heuristics for User Interface Design by
Nielsen[30]). However, consistent with our simplified definition
of GBCAs, we intentionally use the basic demarcations of
usability and user experience defined earlier to enable a
consumable preliminary synthesis and analysis of this
still-devel oping area of inquiry (ie, user evaluations of GBCAs
for older people).

Arguably, thecritical successfactor for any GBCA isacoupling
of user evaluation and psychometric validity. Thisisparticularly
true for older people at risk of, or presenting with, cognitive
decline who are likely to have different preferences and
experiences from other cohorts. However, much of the current
literature is skewed toward investigating psychometric validity
before or without evaluating usability and user experience. For
instance, athough several reviews in recent years have
investigated GBCAs [2,3,31-34] and some have reported
summary results on user evaluation methods (ie, how many
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studies conducted user evaluation) [19,35], there remains a
limited understanding of the importance of user evaluation
findings. This appears to be arisk, as even the most clinically
useful game in the world is unlikely to succeed at scaleif it is
neither functional nor engaging.

The Aims of This Study

This systematic review attempts to address some of these
concerns by investigating the usability, acceptability, and
enjoyability of GBCAs that have undergone psychometric
validation. The intention is to better understand the nexus of
clinical usefulness, usability, and user experience and, in turn,
report preliminary lessons learned from user evaluations of
validated GBCASs.

Methods

This study (protocol registered on  PROSPERO
[CRD42023433298]) followed established practices for
undertaking evidence-based systematic reviews, including the

Mantell et a

PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) checklist (Multimedia Appendix 1) and
the Scottish Intercollegiate Guidelines Network methodology
checklist for study quality appraisal (Multimedia Appendix 2
[16,36-43]).

Data Collection, Extraction, and Quality Assessment

Independent and systematic database searches of PsycINFO,
Embase, |IEEE, and MEDLINE were conducted by the first
author (RM) based on the predefined search terms summarized
in Table 1. Broad search parameterswere set, given the disparity
of terminology used acrossthe GBCA research. Relevant studies
were then imported into Covidence, ready for initial screening.
Title screening was manually completed by RM, where obvious
exclusions and duplicates were removed. Duplicates were
removed automatically via Covidence's duplicate removal
function. This was followed by independent and systematic
screening of relevant abstracts by 2 reviewers (RM and MD),
who applied predefined inclusion and exclusion criteriato assess
all abstracts.

Table 1. Database search terms. Note: the truncation symbol * (asterisk) searches for multiple variants of a word (eg, singular, plura, different
conjugations, etc) all at once (eg, cogn* includes searches for cognition, cognitive, cognitively, cognizant, etc). MCI: mild cognitive impairment; VR:

virtual reality.
Topic area Search terms
Serious games game* OR gami* OR virtual reality OR VR
AND
Cognitive cogn* OR MCI OR dementia OR neurocog* OR neuropsych*
AND
Assessment assess* OR test* OR measur* OR collect* OR detect*

Textbox 1 presents the inclusion and exclusion criteria.
Important definitions and justificationsrelating to theinclusion
and exclusion criteria are discussed more thoroughly in the
Discussion of important terms subsection. When disagreements
arose at the abstract screening level, the second author (Y 1JH)
facilitated aresol ution through a 3-way vote. Full-text screening
wasthen conducted by RM and MD. Conflictsat this stagewere
again handled through 3-way voting consensusinvolving Y 1JH,
RM, and MD. At the full-text screening stage, there were
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disagreements with 12 (15%) of 83 papers, which necessitated
additional consensusvoting. Finally, athorough dataextraction
process was conducted by RM, including a risk of bias
assessment. We used the Scottish Intercollegiate Guidelines
Network “Methodology Checklist 4: Case Control Studies’ [36]
guidance to assess the risk of bias for each included study. A
detailed risk of bias assessment can be found in Multimedia
Appendix 2. Thisfinal extraction process was reviewed by all
authors to ensure consensus and quality control.
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Textbox 1. Inclusion and exclusion criteria.
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Inclusion criteria

o User evaluated

o People aged =50 years

o  Psychometricaly validated
o Assessment or screening

«  Cognitive functioning

e Primary research

e 2015 onward

« Digital serious games and gamification of task

Exclusion criteria

« Didnot include target population or outcome

« Intervention with high immersion (via head-mounted display, €tc)
«  Training or rehabilitation focused without assessment

«  No psychometric validation

o  Nouser evaluation

«  Inappropriate study design (reviews, conference abstracts, etc)

«  Focuson social cognition only

«  Nodatacollection performed (ie, game performance data not collected)

Discussion of Important Terms

This section summarizes and justifies several key concepts
relevant to our inclusion criteria in Textbox 1, as well as our
overall search strategy. It isimportant to emphasize that (1) our
search strategy was intentionally broad to minimize the risk of
missing any relevant GBCA studiesand (2) our inclusion criteria
were intentionally narrow to address our research aim of
investigating the usability, acceptability, and enjoyability of
GBCAs that have undergone psychometric validation.

User-Evaluated Study

The key criterion in this review was that a GBCA must have
been user evaluated through primary research. This required
the explicit inclusion of methods to measure usability, user
experience, user motivation, user preference, enjoyment, or
acceptability of the game.

GBCA Overview

Our definition of GBCA mirrors the broad definition included
inthe Introduction section. That is, both simpletask gamification
and more “from scratch” serious games were included. In
addition, our focus was technology-based GBCAS; thus, we
only included digital GBCAs (ie, games that could be played
on computers, tablets, phones, etc).

Target Group

The target group for this review was older people (aged =50
years) who had, or were at risk of, cognitive decline and,
consequently, neurocognitive disorders (eg, dementia, such as
AD). Although there are numerous GBCAs that have been
designed and tested to detect cognitive impairment associated
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with other disorders across the life course (eg,
attention-deficit/hyperactivity disorder, depression, traumatic
brain injury, drug- and alcohol-related cognitive deficits, etc),
this paper isinterested specifically in the assessment of cognitive
declinein older people. Thisdemarcation enables amanagesble
and specific grouping of findings.

Validated Study

To be included in this review, a GBCA must have been
psychometrically validated with a sample of older users (aged
>50 years). This validation could have occurred in the same
study as the user evaluation or in a previous validation of the
same game. In other words, evidence of validation was a
prerequisite for inclusion in this review, but validation of the
game was not necessarily required within the actual studies
included in this review. According to previous definitions [3],
validation included comparisons against a traditional cognitive
screening tool (eg, Montrea Cognitive Assessment), a
comprehensive neuropsychological battery, or apreviousclinical
diagnosis of cognitive impairment.

Cognitive Domains I ncluded

A broad definition of cognitive functioning was applied for this
study. Cognition refers to the brain’s ability to perceive,
assimilate, organize, store, and manipulate information [44].
As such, cognitive functioning is an umbrella term that
encompasses arange of integrated skillsand domainsthat allow
usto process and respond to information within our environment
[44]. These domains include (but are not limited to) basic
functioning (eg, processing speed and attention) and memory
(eg, episodic memory, semantic memory, and prospective
memory), visuospatial functions (eg, color perception and mental
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rotation), and executive functions (eg, planning, and
decision-making). Relevant GBCAstesting any (or all) of these
domainswereincluded in thisreview, with the notable exception
of social cognition. The clinical assessment of social cognition
and decline in older people is not as well established as these
other cognitive domains and was therefore intentionally
excluded. However, investigating social cognitive domains
should be seen as acritical consideration for future research.

Low-I mmersion | nterventions

This review made a distinction between low- and
high-immersion games when deciding if a study should be
included. Games that were deemed highly immersive from a
technological perspective, such as those requiring headset
technology and immersive 3D environments, were excluded.
Thisreview focused on GBCAsin adigital format that enabled
accessibility through touch or mouse click capability. Themain
reason for this distinction was to ensure uniformity in findings.
Although highly immersive games have significant potential
benefits with respect to ecologic validity and integrated
assessment of multiple cognitive functions [45], they have
distinctive technol ogy requirementswhen compared to computer
or tablet-based game systems. In addition, factors such asmation
sickness [46], which can affect enjoyability, are specific to
virtual 3D headset environments and would have added
unwanted complexity to this synthesis. Importantly, due to the
disparity in the definition of serious games, gamification, and
virtual reality across the literature, some interventions have
beenincluded in thisreview even when the authorsrefer to their
interventions as 3D or virtual reality game applications.
However, these interventions aligned with our definition of a
tablet-based and low-immersion GBCA and werethusincluded.

2015 Onward

Thereislimited literature before 2015 that investigated games
that were both psychometrically validated and user evaluated.
There are 2 notable reviews that looked at validity before 2015
[2,34], but these reviews concluded that little work had been

Figurel. PRISMA flow diagram.
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donein user evaluation of GBCAsbeforethistime. In addition,
apreliminary scan of literature before 2015 by the first author
confirmed a lack of usability data from psychometrically
validated games. Given our very broad search strategy, the
significant growth of literature on GBCAs in the last 5to 7
years, and a lack of user evaluation data before this time, a
cut-off of 2015 for selection appeared justified.

Results

Overview

The initial database search on December 9, 2022, identified
15,232 records. There were 7595 articles left after removing
duplicates. A total of 6946 articles were removed during the
title screening for obvious exclusions, leaving 649 articles for
abstract screening. Full texts were retrieved for 83 articles, of
which 8 studies remained for extraction and analysis. More
detail is provided in the PRISMA flow diagram in Figure 1,
including reasons for exclusion at the full-text phase. The key
study characteristics for all included papers are presented in
Table 2. A summary of key psychometric validation results can
be found in Multimedia Appendix 3 [15,47,48]. All studies
included psychometric validity testing as part of their analysis
except the Virtual Supermarket Test (VST) [37], where validity
testing had been completed previoudly [15,47,48]. All games
were designed and devel oped by the researchersinvolved in the
included papers, with the exception of the Smart Aging Serious
Game (SASG) [38], which was developed by Zucchella et al
[49]. None of theincluded papersinvolved testing commercially
avalable games, however, 2 of the games [39,40] were
experimentally controlled versions of existing games. In
addition, 4 of the 8 game studies were noted by the authors as
being “virtua reality” interventions, which attempted to replicate
real-life activitiesto assess cognition. However, al these games
had low immersion and adhered to our definition of a digital
GBCA (refer to the Discussion of important terms subsection
for further justification).

Records removed
before sereening:

n=7637

(Duplicates)

Studies excluded:

No validation (n=2)

No user evaluation (n=22)
Before 2015 (n=11)

Wrong population or outcome
(n=17)

High-immersion intervention
(n=6)

(n=15)
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Table 2. Summary of key study characteristics.
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Studies Game Sample, n Age, mean Female (%) Study aim
Cabinioeta gpge2 Total: 139; controls: Controls: 76.47; Controls: 49.5; Tested the usability of SASG inacohort of partic-
[38], 2020 107: MCI®: 32 MCI: 76.75 MCI: 46.8 ipants with MCI and determined the validity of
the SASG in discriminating between apreclinica
population with MCI and healthy controls.
Cheshamet gyT¢ Total: 52; young Young: 21.68; older:  Young: 71.4; old- Examined theinitial validity and usability of an
a [40], 2019 (18-35y): 28; older  70.54; oldest: 89.27 er: 53.9; oldest:  experimentally controlled version of a popular
(65-85Y): 13; oldest 81.8 TMM3 puzzle video game—the SMT.
(=85y): 11
Maneraetal  Kitchen and Total: 21; MCI: 9; MCI: 75.8; AD:80.3 MCI: 77.8; AD:  Conducted afeasibility study of patientswithMClI
[41],2015  Cooking AD% 12 86.7 and AD and related disorders using the game
“Kitchen and Cooking.”
Nef et a Numberlink puz- Totdl: 55; young Young:21.83; older:  Young: 66.7; old- Evaluated the feasibility and preliminary validity
[39],2020 Zletask (18-31y): 18; older  71.4; oldest: 89.4; er: 57.1; oldest:  of amaze-like NL puzzle video game asatool to
(64-79y): 14; oldest PD: 67.5; HD: 49.4 85.7; PD: 50; assess cognitive and motor differencesin adults
(86-98 y): 14; PD&: HD: 50 and patients with neurodegenerative disorders.
4;HD": 5
Valladaress  Episodix Tota: 16; controls:  Controls: 68.3; MCl:  Tota: 75 Investigated if avideo game could be designed
Rodriguez et 8; MCl: 3; AD: 5 75.8; AD: 75 and developed to assess episodic memory and
al [16], 2017 predict early cognitiveimpairmentsin an ecologic
setting with low immersion.
Valgoeta Virtua games Total: 38; controls:  Controls: 74.6; AD:  Controls: 40; Evaluated the usability and the screening potential
[42], 2017 20; AD: 18 77.8 AD: 50 of several low-immersion virtual game tasks for
patients with AD.
Wang et a GBCAY Total: 124; controls: Controls: 72.31; Controls: 69; Developed a game-based tool and evaluated its
[43], 2022 57: NCDs". 67 NCDs: 74.78 NCDs: 63 validity asan early screening for patients with
cognitive impairment.
Zygouriset /g7l Total: 57;: SCDI: 24; SCD: 65.58; MCl:  SCD:79;MCI:70 Assessed the VST’susability in asample of older
a [37], 2022 MCI: 33 68.39 adults with MCI and SCD. The paper analyzed

how usability is affected by age, education, diag-
nosis, in-game performance, and familiarity with
touch devices.

8SASG: Smart Aging Serious Game.
bMCl: mild cognitive impairment.

CSMT: search and match task.

9AD: Alzheimer's disease.

€PD: Parkinson disease.

"HD: Huntington disease.

9GBCA: game-based cognitive assessment.
NCD: neurocognitive disorder.

I/ST: Virtual Supermarket Test.

isco: subjective cog decline.

User Evaluation Findings

Overview

Preliminary analysis of theincluded papersidentified 2 distinct
areas of focus: usability and user experience. As such, our
proceeding synthesisis demarcated based on usability and user
experience (applying the simple definitions of these constructs
provided in the Introduction section). Reporting findings from
these 2 overlapping yet distinctive areas provides a halistic
perspective of user evaluation by incorporating both
system-level usability results as well as more individualized
user experiences of serious gameplay. A detailed overview of
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relevant study findings and key statistical results is presented
in Multimedia Appendix 4 [50-56].

GBCA Usability

A total of 5 studies [37-40,42] included system-level usability
results. All these studies involved participant self-report
measures but varied inthelevel of detail participantswere asked
to report. Overal, the average usability, from a systems
perspective, of the games presented ranged from good to
excellent. Familiarity with computers or touch screens did not
appear to have a significant effect on system usability for
computers or touchscreen devices, which is a positive finding.
However, there were distinct differences in system usability
across age groups and cognitive functioning levels in some
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studies. An interesting relationship was also found between
usability and game performance in the VST study [37]. These
are discussed further in the subsequent sections.

In the SASG study [38], participants were simply asked to
respond to some questions about their familiarity with computers
and touch screens. Results showed that familiarity with computer
systems did not influence the SASG game performance score.
Although this is not in itself an assessment of usability, it
revedled an important usability finding: a lack of digital
experiencedid not impact overall cognitive performance scores
in a sample of older game users with low digital literacy and
experience. A potentia reason for thisresult may be the cautious
and simplistic design of the SASG interface, which supported
usability for the target cohort. The game was built specifically
for older and nonexpert users, and according to the authors, it
did not require skilled digital abilities. Using alow-immersion,
first-person perspective, the game required users to complete
gamified versions of everyday tasks, such as watering flowers
with the radio on and dialing a phone number. Furthermore, the
authors suggested a key factor in the usability of their serious
gameintervention was the decision to use atouch screen instead
of amouse.

The remaining 4 studies used the system usability scale (SUS)
to measure and analyze usability [57]. The SUS is a brief
guestionnaire (10 questions) using a 5-point Likert scale with
a possible aggregate score ranging from 0 to 100. The SUS
includes questions such as “| thought the system was easy to
use” and “I needed to learn alot of things before | could get
going with this system.” According to previous studies[58,59],
the average SUS score (50th percentile) is 68, a good score is
between 71 and 84, and an excellent usability scoreis=85.

In the VST study [37], the average SUS score was 83.11
(SD14.6). No statistically significant differences were found
between the participant groups, people with subjective cognitive
impairment and mild cognitive impairment (MCl), regarding
SUS scores. However, there was a significant correlation
(r=—0.496; P<.001) found between the SUS score and the
averagetime needed to completethe VST test trias, independent
of the participant group. This suggested a rel ationship between
game completion and usability: the lower the participants rated
the game's usability, the longer they took to complete it.
Although this was an interesting finding, the direction of
causality is unknown. As the authors noted [37], “It is unclear
whether participants who took longer to complete the VST test
trials provided a lower usability score as they were frustrated
by thelong timeit took them to completethe exerciseor if there
are underlying usability issues that affected their performance
thus resulting in alonger time to complete the VST test trials”
It is also worth noting that in the VST study, participants were
asked to completethe VST exercise on their own. The examiner
prepared the tablet and launched the VST game but did not
st the participants. In fact, researchersintentionally provided
little support to participants once gameplay started. The reason
for this was to assess the usability of the system in an
environment where auser may need to self-administer the game
without support.
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In the Numberlink (NL) puzzle task [39], the SUS average was
93.38 (SD 5.72) for young adults, 93.33 (SD 6.25) for older
adults, 83.39 (SD 11.79) for the oldest adults, 81.88 (SD 9.66)
for people with PD, and 83.12 (SD 10.68) for those with HD.
These scores reflected a statistically significant difference in
usability ratings between groups (P=.02). There were similar
findingsin the search and match task (SMT) study, albeit with
lower reported usability overall [40]. The average SUS score
was 88.67 (SD 7.28) for younger adults, 79.09 (SD 15.50) for
older adults, and 68.25 (SD 18.78) for the oldest adults. This
indicated asignificant effect of age group (P=.01), with usability
ratings decreasing with increasing participant age. Finally, the
virtual game study [42] reported amean SUS score of 83.5 (SD
11.16) for the control group and 83.75 (SD 9.82) for people
with AD. Assuch, similar to the VST study and contrary to the
NL puzzletask and SMT studies, there was no significant group
difference found in usability. There was also no significant
difference in SUS scores found between participants with and
without touch device familiarity.

GBCA User Experience

Five studies [16,39-41,43] examined user experiences of
gameplay, specifically focusing on participant engagement with
game elements, perceived motivation, and enjoyment. Overall,
all the games presented were well received by users regarding
motivation, enjoyability, and satisfaction. However, there were
some important differences across the study findings. For
instance, some studies identified a relationship between being
cognitively healthy and improved user experience [40,43],
whereas an opposite relationship was found in another study
[41]. Furthermore, 2 studies identified the role of a health
professional as essential to the success of their respective game
interventions[16,41], which contrasted with the intent in studies
to test implementing gamesin a sel f-administering environment
[37,41].

Inthe Episodix study [16], auser experience questionnaire based
on game usefulness and user motivation was completed by
participants. The questionnaire was completed twice, once
before and once after gameplay. Before playing the game, most
participants reported low interest, motivation, and perceived
usefulness of serious games; however, their experiences playing
Episodix changed these perceptions. For instance, the average
participant’s motivation to play video gamesincreased by 40%
after gameplay. Participants also indicated that the Episodix
game seemed more engaging than the California Verbal
Learning Test (CVLT) pen-and-paper test, which the game was
based on. One potentia reason for the game seeming more
engaging than the CVLT may have been the comprehensive
user-centered design process used in developing the game. A
combination of validity testing, expert input, and user focus
groups underpinned the development process. Through the
design process, participants from both focus groups and the
pilot experiment indicated a preference for a touch interface
rather than atraditional keyboard and mouse setup. Thisfinding
was similar to that of the SASG game study. Technical
developments were made to facilitate these preferences. The
Episodix study [16] also reported important qualitative findings
from user focus groups. The game was perceived as very useful
by users, but they preferred it to be administered by a health
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professiond rather than self-administered, regardless of whether
they were confident interacting with the game on their own.
Participants agreed that if both instruments (the CVLT and the
game) were demonstrated to perform the same cognitive
assessment, they would prefer to play the game. However,
participants preferred the digital intervention to be referred to
as a test because they perceived the term video game to have
negative and nonserious connotations.

Both the NL puzzletask and SMT studies[39,40] assessed user
experience through the Perception of Game Training
Questionnaire [50]. Participants rated the extent to which they
found playing the games enjoyable, challenging, frustrating,
and motivating. Both games were developed based on
experimentally controlled versions of commercialy available
puzzle games. In addition, both games offered different
difficulty levels to create an appropriate level of challenge for
a broad range of users. In the NL puzzle task study, ratings of
enjoyment (P=.43), challenge (P=.07), frustration (P=.06), and
motivation (P=.67) for the game did not differ significantly
between groups. The usersgenerally rated the game experience
positively in both the healthy aging group and the group with
cognitive impairment. However, there was a dlight, abeit
statistically nonsignificant, increase in rating the game session
as challenging and frustrating among older participants and/or
those with impairment, particularly participants with PD and
HD. According to the authors, further adapting the difficulty
levels to a person’s performance might partially reverse this
trend. In the SMT study, there were significant differences
between the 3 age groups regarding ratings of challenge
(P<.001). Overdl, young adults perceived the SMT as
significantly less challenging than older adults (P=.02). There
were also significant age group differencesin average difficulty
ratings for both the short version played by the young, older,
and oldest adults (P<.001) and thelong version (P<.001) played
by the young and older adults. Despite this, there were no
significant group differences regarding enjoyment, frustration,
and motivation while playing the SMT task. One possiblereason
why challenge and difficulty levels varied across groups while
enjoyment and motivation levels remained constant is that the
SMT provided atotal of 71 possibledifficulty levels. Thismeans
that the game could be responsive to a user’'s gameplay and
adjust the level of perceived challenge accordingly.

In the GBCA study [43], the user experience questionnaire
included questions on game ease-of-use (not technically user
experience), whether usersfelt the game storieswereinteresting
and familiar, users reactionsto theinterface design (typesetting,
color, instruction, etc), and questions aimed at comparing the
GBCA intervention with other cognitive assessment tools. The
responses of the control group suggested that they were very
satisfied with the game. By contrast, the average responses of
participants with neurocognitive disorders were significantly
lower than those of controls. Interestingly, lower scores given
by the participants on the user experience questionnaire
corresponded to a higher clinical dementia rating, older age,
and a lower educational level. Higher levels of cognitive
impairment appeared to adversely affect the participants' ability
to usethetablet to complete the GBCA intervention, asindicated
by the poor ratings given to questions regarding the design of
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the GBCA intervention. Thisfinding raises questions about the
functional usability of the game as well as the more subjective
user experience. Furthermore, older age had anegative influence
on the participants’ satisfaction regarding the pictures, text, and
story used in the game. This was somewhat surprising, given
that the user interface of the GBCA intervention was
intentionally designed to be acceptable for older users and
included large pictures and buttons aswell as spoken instructions
so users could operate the app easily. The game could also be
played by tapping buttons, drawing by dragging one's fingers
over the touch screen, and speaking into a microphone (using
low-cost speech recognition technology).

The Kitchen and Cooking study [41] also captured user
experiences. The participants completed a questionnaire about
the game experience at 2 points during the study. Specifically,
satisfaction, interest, motivation (intrinsic and extrinsic),
emotional experience of gameplay, and fatigue levels were
assessed. The overall results of the self-report questionnaire
showed that the participants were highly satisfied, interested,
and motivated by the game experience. Intrinsic motivation was
significantly higher than extrinsic motivation. Average user
experience scores did not change between the 2 sessions, thus
confirming the overall positive evaluation of the game after
repeated gameplay. However, it is worth noting that scores did
not trend upward after the second on regarding motivation,
as observed in the Episodix study [16]. Of particular interest in
this study is that participants with AD reported being
significantly more satisfied with the game than participantswith
MCI (P=.04). This contrasts with the findings from the NL
puzzle task, SMT, and GBCA studies, where the inverse trend
appeared. Finally, the authors suggested that a critical factor in
the success of the intervention was the presence of aclinician.
The game was designed as atool to help patients train outside
clinical consultations. However, the periodic supervision of the
clinician helped to explain the functioning of the game to the
patients and their families, keep track of the evolution of the
performance, adapt the intervention to the patients' changing
needs, and maintain user motivation.

Discussion

Overview

The aim of thisreview wasto investigate studies that evaluated
the experiences of older people using GBCAs. Although the
combined findings are from only 8 included papers, they
establish promising preliminary user evaluation results for the
use of GBCAS, abeit with some interesting implications for
future design and development practices. Our review provides
a much-needed synthesis of user evaluation findings from
GBCAs, which have undergone psychometric validity testing.
As such, we offer new insights regarding the relationship
between the validity, usability, and user experience of GBCAS.
This is particularly important with respect to the experiences
of our target study cohort, older people (aged =50 years), whose
input is greatly needed yet seldom included in GBCA design
and development.

The first area of focus in this review was system usability.
Usability scores were mostly positive across the studies
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included. However, in some of the games presented, there were
trends toward lower usability scores for participants with
cognitive impairment. This was observed even when games
were explicitly designed for older people and/or those with
impairment, and tasks were simplistic and representative of
basic daily activities, such asin the VST. In the VST, a game
that has been validated in multiple contexts [15,47,48], no
significant differences were found between the groups with
subjective cognitive impairment and MCI in usability scores;
however, participants who took longer to completethetest trials
had lower self-reported usability. Usability challenges were
further identified in the NL puzzle task and the SMT. Although
both games had good usability scores on average, they both
identified significant differences in usability ratings not only
across cognitive health but also age range. On average, in both
games, the older or moreimpaired a person was, thelessusable
they found the respective game system.

These collective findings on usability have some interesting
implications. Traditionaly, it has been assumed that system
usability can be increased by improving the technical
interactions a person haswith a system, theintuitiveness of that
system, and by reducing any bugs or errors that generate
needless complexity within that system. For example, Joddrell
and Astell [60] significantly improved the usability of solitaire
for people with dementia (mean age 84.17, SD 8.35; range
66-102) by adding accessibility features such as additional card
control options, clearer gameplay layout, and audio-visual
feedback cues. However, thisreview highlightsthat while these
technical and functional system improvements may be
important, they are not necessarily sufficient to produce usable
interventionsfor thistarget group of users. Individual variations
in age, cognitive function, and gameplay performance may all
impact functional usability, even when the system has been
technically adapted to be suitable for older users and/or those
with impairment.

The second focus area, regarding subjective user experience,
identified the importance of perceived challenge in mediating
gameplay experience across groups. In the GBCA study, the
healthy control group was more satisfied with their experience
of using the GBCA intervention than the group of participants
with cognitiveimpairment, whereas the opposite trend appeared
in the Kitchen and Cooking game. In the Kitchen and Cooking
game, asimplistic interface based on abasic cooking task, game
satisfaction was higher among the participants with AD than
among participants with MCI. In the SMT task, there was a
statistically significant difference in how challenging older and
younger people found the game. However, levels of enjoyment
and motivation remained the same. These contrasting results
may be related to perceived gameplay challenges. For instance,
the NL puzzletask, the SMT, and the GBCA were, on average,
more complex than the Kitchen and Cooking game, with the
NL puzzletask and SMT offering different levels of complexity
for different users.

According to the broader literature on game design preferences,
people want to be challenged to a level that will satisfy their
need for competence [25]. Applying self-determination theory,
it has been shown that a player will experiencelow competence
if the challenges are too great (eg, game controls are overly
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complex or enemies are too numerous), and this will have a
negative impact on a person’s ability to enjoy the game [61]. If
a game is too difficult, it can become frustrating and
discouraging, reducing a user's motivation, engagement, and
enjoyment. The optimal challenge (ie, the sweet spot) for any
player is mediated by that individual’s threshold for difficulty
[62,63]. Thismay explain why basic gamified versions of smple
tasks, such as in the Kitchen and Cooking game, were less
motivating or enjoyable for younger participants and those
without cognitive impairment. It may also explain why more
“from scratch” serious gamesthat offered more difficulty levels,
such as the NL puzzle task and SMT, had constantly high
enjoyment and motivation scores across the younger, older, and
oldest groups of users.

Another noteworthy finding in this review relatesto the role of
a hedlth professional during game-based assessment. Two
studies identified the role of a health professiona as essential
to the success of their respective game interventions. In the
Episodix game, although users demonstrated improved
appreciation for the value of GBCAs after gameplay, this
increased appreciation appeared to stem from the value of the
game as a health tool. The presence of a clinician seemed to
underpin this, asthe gamewas perceived asvery useful by users,
but they preferred it to be administered by a health professional
rather than self-administered. Likewise, in the Kitchen and
Cooking study, the authors suggested a critical success factor
for the intervention was the presence of a clinician. These
findings raise questions about self-administration, whichisseen
asone of themost exciting (and valuable) applications of serious
gametechnology [15]. Self-administration of GBCAs has been
recently identified as a way to overcome some of the issues
with formal assessment [15], such as significant test anxiety as
well as self-stigma regarding low literacy or education levels
when performing cognitive tests [9,10]. Self-administration
may also empower people to take control of their own health
earlier and more proactively than standard approaches. However,
the findings of this review suggest that this autonomy and
control may come with some unintended conseguences, such
as a lack of confidence in undertaking assessments without
support, aswell asalower perceived value or legitimacy of the
assessment. This is important to recognize as a potential
downside for self-administrated GBCAS.

The Objectives of GBCAs and Subsequent Tensions
With Usability and User Experience

One approach often taken when designing and developing
cognitive games for older people and/or individuals with
cognitive impairment is to make the game easy. This appears
to have been the design strategy in games such as SASG, VST,
and Kitchen and Cooking, where the games were based on
simple daily living tasks, and the design and development of
the gamesweretail ored to people with cognitive decline. These
games were quite successful at engaging older people with
significant cognitive impairment. However, given that the
objective of a GBCA isto assess maximal cognitive capacity,
adapting the floor and ceiling to make games easier may not
always be desirable. This is because the reason for adding
complexity toaGBCA, besidesincreasing user engagement, is
to improve the sensitivity of a game to detect cognitive
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functioning more accurately. In other words, agame that istoo
simple or too domain specific may not be relevant for healthier
older adults or those with milder or more complex forms of
cognitive impairment, even if it is more appropriate for people
with more significant cognitive decline. For instance, the basic
requirement of shopping for groceries in the VST may be
suitable for people with moderate neurocognitive disorders;
however, it may not detect subtleimpairmentsor small cognitive
changes over time in healthier participants. More simplistic
games are al so unlikely to be very enjoyable or challenging (ie,
satisfying a need for competence) for many people without
neurocognitive disorders (aswas observed in some of the studies
included). This reduces their viability as a scalable screening
tool. By adding more chalenge and complexity, it becomes
feasible to engage a broader user group and assess multiple
cognitive domains. This, of course, comes at the risk of
marginalizing the most vulnerable and arguably important
cohort: those with significant impairments. It is also important
to note that people with more significant neurocognitive
disordersareunlikely to betheintended target of most GBCAS,
or even traditional cognitive screening. This is a tension that
has been seldom discussed or investigated in the growing body
of literature on GBCAS.

Overal, thegoalsof usability and user experience—foundational
to human-centered design approaches—and the intention of
GBCAs and cognitive testing, in general, reveal a potentially
problematic misalignment that warrants further discussion. For
instance, according to 1SO, the basic requirement of usability
isthat aproduct can be used (by target users) to achieve specific
goals with effectiveness, efficiency (ie, in minimum time and
with minimum errors), and satisfaction in a specified context
[27]. However, is it reasonable, desirable, or even possible to
meet this standard when developing a GBCA? If the primary
goal of acognitivetest isthe detection of cognitive deficits, the
implication isthat people with cognitive impairment will likely
(1) fail to achieve certain tasks, (2) take longer to complete
objectives, and (3) make more errors than cognitively healthy
people.

Infact, reliable detection of these“failures’ isessential to ensure
avalid and clinically meaningful test of cognitive performance.
Thus, intentionally producing user failure states is a central
design tenet when developing GBCAS, and this, as we have
identified through thisreview, may cause reductionsin usability
and subjective user experiences.

However, while this may risk departing somewhat from the
principles of user-centered design, it is important to recognize
that the “serious’ objective of a GBCA is not necessarily to
maximize unconstrained usability and user experience; rather,
it isto produce a cognitive assessment that is more motivating
and engaging than a traditional task. As traditional tasks are
sometimes reported to be tedious, boring, anxiety provoking,
and stigmatizing, the objective of a GBCA is to improve the
subjective user experience relative to traditional approaches
while maintaining functional usability. This implies that a
GBCA may not necessarily need to be maximally fun but simply
“fun enough” while being motivating, engaging, and technically
usable. Furthermore, what “usable’” means in this context is
potentially hard to reconcile with the 1SO aim of effectiveness,
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efficiency, and satisfaction. For instance, if an intervention is
too easy to use, can it adequately produce the failure states that
are the primary objective of a GBCA?

These open questions become even more interesting when we
consider that the intended application of GBCAS, at least inthe
near future, islikely to bearelatively short (eg, 10-20 min) user
experience (ie, replacing a cognitive screen), which is only
“played” by userssporadically. Theimplicationisthat traditional
user-centered game design that focuses on intrinsically
motivating features, such as narrative and social connectedness,
may not be feasible or desirable. This, in many ways, is
misaligned with the overarching goas of human-centered
design, yet it is arguably more consistent with the preferences
of older people taking a cognitive test. In fact, this was what
wereported in arecent qualitative study investigating the GBCA
preferences of older people in prison [25]. We found that
GBCAs with numerous immersive game features risked being
perceived as too childish for the serious context of a cognitive
test. Thiswasalso likely the case in the Episodix study sample,
where participants preferred the digital intervention to be
referred to as atest because they perceived the term gameto be
nonserious [16]. However, we argue that these tensions do not
reduce the value of incorporating usability and user experience
principlesinto the devel opment of GBCAS; rather, they simply
reframe what the feasible intention of a GBCA ought to be in
the context of user experience and usabhility. Perhaps “good
enough” usability and user experience are good enough?

Our conclusion is that there is an inherent tension between
usability, user experience, and GBCAsthat (1) in the meantime
should be carefully considered when designing and devel oping
GBCAs, especially for older people; and (2) requires additional
research to further explore and potentialy resolve. We offer
some key lessons in the Implications for Practice subsection.
Regarding future research, we suggest an urgent need for further
mixed methods research that incorporates the qualitative
preferences of older people using GBCAswith rigorousvalidity
testing. In addition, there is a need to explore what “good
enough” usability and user experience may meanin this context
and how these concepts can be tested and incorporated into
game design, devel opment, and improvement.

Limitations

This review has some limitations. Many of the participant
samples were small, and the studies involved slightly different
target user groups. Most studies focused on user evaluation as
a secondary outcome, with psychometric validity testing being
the primary aim in most papers. All the gamesincluded in this
review were distinct from one another regarding design and
development processes and, as a result, the end products.
Combined with the disparities in sampled participants, this
heterogeneity makes it inappropriate to make specific
recommendations regarding which precise techniqueswork for
whom in what contexts. Thisis further complicated by the fact
that most of the games did not seem to be publicly available,
creating uncertainty about how well devel oped and sophisticated
the games actually are in practice. This lack of access to the
games, beyond what was described and visualized in the primary
research papers, also inhibited a more comprehensive review
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of specific design choices based on a more technical analysis
of mechanics and processes. However, despite these limitations,
we were still able to interpret the findingsin the context of the
broader literature on serious games and provide general lessons
learned for designing and developing GBCAS.

In addition, there were also some limitations related to the
methods applied for user evaluation. Most user evaluation data
were collected via self-report and are thus exposed to the
well-established biases associated with this collection method.
Furthermore, although the SUSiswell validated, it is short and
generic. Thus, it does not present a comprehensive assessment
of game usability, anditsvalidity for people with neurocognitive
disorders has not been established. Other reported usability and
user experience findings came from disparate tools, some of
which were customized from other scales or created based on
theory. This created additional barriers when attempting to
synthesize the findings quantitatively and prevented a
meta-analysis. Some of these limitations were evident in the
quality appraisal, in which a case-control checklist was used to
assess the risk of bias. This basic checklist was deemed
appropriate because most of the study papers included games
that were still in the pilot stage of development and, thus, not
ready for more sophisticated diagnostic appraisal. Regardless,
it is hoped that a more sophisticated and suitable appraisal tool
can be used in future research to adequately assess the quality
of papers investigating the psychometric validity and user
experiences of GBCAS.

Implications for Practice

Overview

This systematic review aimed to synthesize the user evaluation
data from psychometrically validated GBCAs played by older
people. As part of this process, we have identified key lessons
for developing potentialy transformative assessments using
gamified technology. These preliminary key lessons have been
developed based on our systematic review of the included
studies, our own primary research experiences (eg, Mantell et
al [25]), and abroader synthesis of relevant theory and literature
(eg, self-determination theory). Given that thisis till arelatively
new area of scientific inquiry, we hope that these lessons can
serve as guidance for clinicians, researchers, and game
developers who find themselves navigating the complexity of
creating GBCAs that are both clinically effective and offer
“good enough” user experiences and usability. More broadly,
we hope this review can support and inform more
evidence-based and rigorous design, development, and
evauation of GBCAs for older usersin the future.

Validity I s Very Necessary but Not Sufficient

A game may function as an assessment tool in theory, but if it
isnot usable or engaging, it isunlikely to work in practice. Input
from both users and game designers, at the outset and throughout
the design process, isthe best way to ensure agameis suitable.
Thisis usually best done alongside an expert reference group
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working to ensure the game has psychometric validity [13]. The
more the target users, developers, and cognitive experts
collaborate, the more likely the gamewill succeed. Furthermore,
researchers should always plan to evaluate game usability, as
well as user experiences and preferences, to formally investigate
the success of their game (and identify any scope for
improvement).

Clarify the Intended User

There is a complex relationship between cognitive decline,
usability, and user experience as people age. Many older people
with cognitive impairment will respond better to simple
gamification of redlistic tasks. More complex serious games
risk becoming less appealing as people become older or more
impaired, and this will impact usability and user experience.
However, the more rudimentary the game-based task, the less
likely it is to engage younger adults or those with better
cognitive function. To proactively address this tension,
developers should begin with a critical question: who is this
intervention for, and what exactly is the game intended to
assess? For instance, “good enough” usability and user
experience are probably good enough for a short and sporadic
cognitive screener targeting older adults at risk of impairment.
However, this may not be the case for a more expansive game
trying to also engage younger cohorts and track more subtle
cognitive changes over time.

Create Games That Align With the Unique Preferences
and Needs of Older People

Older people appear to prefer games that avoid childlike
features, are intellectualy focused (eg, puzzles), and/or are
based on the replication of real-lifetasks or challenges. Avoiding
fantasy, violent content, and multiplayer interaction is
recommended. Largedigital touchscreen devices, such astablets,
also seem to be more usable and intuitive for older people than
smaller devices, mouses, or virtual reality [16,38,64]. However,
tablets can also create ergonomic difficulties for older people
who may be frail or have specific neurological conditions (eg,
difficulty holding the device steadily, dyspraxia, or visuospatial
impairment), and these factors need to be accounted for [18].

Providing Each User With Their Optimal Challengels
Key

Tailoring the level of difficulty (known as difficulty balancing)
to an individua's capacity should be attempted wherever
possible in the design of GBCASs. It has been shown that this
personalization does not need to be highly sophisticated to be
useful inincreasing user experience[37,39]. Introducing various
levels or randomly generating different design elements or
challenges per round can also make it possible to detect more
subtleimpairments and reduce learning effects[37]. In addition,
it can also alleviate some of the tension between providing
games that are suitable for older people or those with more
impairment and maintaining sensitivity for more subtle cognitive
decline, as more levels mean alower floor and higher ceiling.
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