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Abstract

Background: Serious games are now widely used in many contexts, including psychological research and clinical use. One
area of growing interest is that of cognitive assessment, which seeks to measure different cognitive functions such as memory,
attention, and perception. Measuring these functions at both the population and individual levels can inform research and indicate
health issues. Attention is an important function to assess, as an accurate measure of attention can help diagnose many common
disorders, such as attention-deficit/hyperactivity disorder and dementia. However, using games to assess attention poses unique
problems, as games inherently manipulate attention through elements such as sound effects, graphics, and rewards, and research
on adding game elements to assessments (ie, gamification) has shown mixed results. The process for developing cognitive tasks
is robust, with high psychometric standards that must be met before these tasks are used for assessment. Although games offer
more diverse approaches for assessment, there is no standard for how they should be developed or evaluated.

Objective: To better understand the field and provide guidance to interdisciplinary researchers, we aim to answer the question:
How are digital games used for the cognitive assessment of attention made and measured?

Methods: We searched several databases for papersthat described a digital game used to assess attention that could be deployed
remotely without specialized hardware. We used Rayyan, a systematic review software, to screen the records before conducting
asystematic review.

Results: Theinitial database search returned 49,365 papers. Our screening process resulted in atotal of 74 papers that used a
digital game to measure cognitive functions related to attention. Across the studies in our review, we found three approaches to
making assessment games. gamifying cognitive tasks, creating custom games based on theories of cognition, and exploring
potential assessment properties of commercial games. With regard to measuring the assessment properties of these games (eg,
how accurately they assess attention), we found three approaches: comparison to a traditional cognitive task, comparison to a
clinical diagnosis, and comparison to knowledge of cognition; however, most studies in our review did not evaluate the game’s
properties (eg, if participants enjoyed the game).

Conclusions: Our review provides an overview of how games used for the assessment of attention are developed and eval uated.
We further identified three barriers to advancing the field: reliance on assumptions, lack of evaluation, and lack of integration
and standardization. We then recommend the best practices to address these barriers. Our review can act as a resource to help
guide thefield toward more standardized approaches and rigorous eval uation required for the widespread adoption of assessment
games.

(IMIR Serious Games 2021;9(3):626449) doi: 10.2196/26449
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Introduction

Attention

From crossing the street to composing a twest, functioning as
ahuman always requires peopl e to take in information, process
it, and respond accordingly. Whether in the lab or in the world,
detecting stimuli and responding to them, both consciously and
unconsciously, involves many cognitive functions. One of these
important cognitive functions is attention, which Kahneman
describes as “alabel for some of the internal mechanisms that
determine the significance of stimuli” [1].

These internal mechanisms of attention can be divided into
multiple types. Common areas of attention include selective
attention (how people attend to rel evant information and ignore
irrelevant information), divided attention (when people attend
to multiple things at once), and sustained attention (the ability
to focus on something for a continuous amount of time) [2,3].

There are also models of attentional control that describe the
difference between involuntary and voluntary attention.
Attentional control isrelated to inhibition, shifting, and updating.
Inhibition involves preventing irrelevant stimuli fromimpairing
performance, shifting refers to the alocation of attention to
whatever is most relevant at the time, and updating is how
people encode new information into working memory [4].

Assessment of Attention

Measuring and understanding attention and attentional control
are important, as attention is a major cognitive function that
influences human development and mental health. Furthermore,
as attention is related to a variety of cognitive deficits (eg,
attention-deficit/hyperactivity disorder [ADHD] [5] and
dementia[6]) and abilities (eg, reading [7]), an accurate measure
of attention can help assess and diagnose anumber of common
disorders.

Measuring attention, and other aspects of cognition such as
memory and perception, is often done using cognitive tasks. A
common approach is to present participants with stimuli and
ask them to respond in different ways, while measuring their
reaction time and accuracy (ie, how quickly they attend to
stimuli and if they respond in the way intended). Research on
attention has often relied on specific cognitive tasks, such as
the Eriksen flanker task [8] and the Posner cueing task [9],
which have been fundamental to the study of attention. More
recent cognitive tasks continue to advance the knowledge of
attention. For example, the dot probe task demonstrates that
people with anxiety preferentially attend to threatening stimuli
[10], and attentional blink tasks support theideathat attentional
resources are limited [11].

Cognitive assessment tasks have specific standards that must
be met before they are widely used, especialy in clinical
settings. They are expected to have certain psychometric
properties, such as validity (how well they measure what they
clam to measure), reliability (how consistent the test is),
sengitivity (how well they identify true positives), and specificity
(how well they identify true negatives).
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Digital Gamesfor the Assessment of Attention

Although cognitive assessment tasks are standardi zed and highly
used, they do have some limitations. They can be expensive, as
many require trained experts to administer the tasks[12]. They
are boring and repetitive, which can cause difficulties with
recruitment for research and with patient cooperation for clinical
use[13]. The data collected by these tasks can be unreliable, as
participants might not be fully engaged and often exert
suboptimal effort [14,15]. They aso lack ecological validity
[12,16]; therefore, they may not be indicative of how these
cognitive skills affect daily functioning. To address these
limitations, researchers have started to integrate elements from
computer and video games into cognitive tasks for assessment.

Games have the potential to improve the quality and quantity
of collected data by increasing participants engagement in the
moment (better data) and by engaging many more people over
longer periods (more data) [17]. For example, using a game
called Sea Hero Quest [18], researchers were able to collect
spatial navigation data from over 4.3 million people, which
would be near impossible with a traditional paper-based task
or even a standard digitized assessment. However, although
assessment games can be very successful, they do not always
improve participant enjoyment. Vanden Abeele et a [19] noted
the importance of game quality when developing assessment
games. In fact, studies have shown that some game elements
are associated with lowered enjoyment compared with traditional
tasks[13,17].

Game elements can also hinder the assessment properties of a
task. Cognition iscomplicated, and traditional tasksare heavily
studied before researchers can be confident that they measure
what they claim to measure in a consistent way (issues of
validity and reliability). Even asmall change in atask must be
studied to understand its effects [20].

The use of games to measure cognitive processes related to
attention poses unique issues. Through their use of graphics,
stimuli, and visual feedback, games inherently manipulate the
player's attention, which has been shown to be problematic
when using games for assessment. For example, Wiley et a
[17] found that participants responded more quickly but also
less accurately to a dot probe task when points were awarded
for faster, correct responses. Other features could also
manipul ate attention; for example, increasing narrative suspense
has been linked to anarrowed attentional focus[21]. In go/no-go
games, using gamelike stimuli such as cartoon characters has
resulted in decreased performance compared with standard
tasks, possibly because it is more difficult to differentiate
between complicated graphical stimuli than simple colored
shapes[13].

Attention can aso interact with games based on individual
differences. A study by Delisleand Braun [22] found that game
elements can normalize the performance of individuals with
ADHD. They designed a task to resemble a fast-paced video
game and found that the presence of game elements improved
the performance of participants with ADHD more than that of
non-ADHD participants. This unequal effect on performance
impliesthat agame designed to assess ADHD could, ironically,
be rendered unableto discriminate effectively. Other individual
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differences may also affect the data, such as differencesin age,
gender, and game-playing experience. Studies have shown that
action video game players demonstrate visua search advantages
[23]; such adifference may be emphasized by using agameto
measure attention. Similarly, older adults or people with little
gaming experience may perform poorly on agame, not because
they have lower attention abilities but because they are less
familiar with computers and games.

ThisResearch

There has been considerable research interest in the use of
gamification (ie, the use of game elementsin nongame contexts
[24]) on cognitive tasks, which has been synthesized in several
review papers [25,26]. However, the focus of much of this
synthesis research has been on the gamification of training and
intervention [26], with less systematic expl oration of the efficacy
of games for assessment. Although games for training and
assessment are often grouped together, recent research suggests
that gamification may not be the best approach for assessment
[17]. Although cognitive tasks are standardized and have been
heavily researched, serious games for assessment are diverse,
and there is no field-wide standard for how they should be
developed. Our systematic review seeksto explorethe different
approaches to using games for assessment, particularly for
assessing attention, which can be complex. In comparison to
other systematic reviews, we provide two unique contributions:
First, we look beyond gamification to other approaches for
developing assessment games. Second, we review the
methodology of developing and evaluating serious games for
assessment, rather than just the end product. We aim to provide
a guide for interdisciplinary researchers on the devel opment
and evaluation of assessment games. Our main research question
is: How are digital games used for the cognitive assessment of
attention made and measured?

Wiley et a

Methods

Eligibility Criteria

Our eligibility criteria required each included paper to be
published before March 1, 2021, apeer-reviewed journa article

or conference proceeding, primary research (ie, not aliterature
review or background article), and written in English.

In addition, each paper needed to include a digital game used
for the assessment of attention-related processes that could be
used remotely. For this criterion, we used the following
definitions:

« Digital game: As there are many ways to define a game,
we chose to follow the original researchers’ intentions. If
the authors of a paper referred to an assessment as agame,
gamified, or some other variation, we included the paper.

« Attention: We included papers related to attention and
attentional control. Figure 1 presentsthe detailed list of the
cognitive processes included.

« Assessment: We were interested in studies that sought to
measure attention, for purposes of either detection or
diagnosis, research, or monitoring cognitive changes.
Studies focused on treatment, training, or interventions
were excluded, as were studies on educational and work
assessments (eg, assessing for employee selection or how
well a concept was learned).

« Remote: Asthe goa of digitizing assessment is often to
increaseits scale, accessibility, and reach [27], weincluded
only papers where the game could potentially be deployed
remotely, using only a computer, tablet, or phone. Studies
that required specialized hardware (eg, aMicrosoft Kinect,
gaming controllers, and any custom hardware) were
excluded, although studies with commonly used devices
(eg, a mouse, headphones, and keyboard) were included.
Though the ability for studies to be deployed remotely
depends on more than available hardware, for this review
we did not exclude studies without the requisite software.

Figure 1. Included and excluded cognitive functions for the eligibility criteriain our review.

Attention and attentional  Perception and
control processing speed
» Selective attention = Visual
 Divided attention * Auditory

* Visual attention * Temporal

* Sustained attention
* Inhibition

+ Shifting

* Updating

* Orienting
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Information Sources and Search Strategy

We searched the titles and abstracts of papers across severa
databases, chosen for their relevance to games user research
and psychology: ACM Digital Library, IEEE Xplore, PubMed,
PsycINFO, Scopus, and Web of Science. Our keywords were
used in a search string adapted to the requirements of each
database but generally followed the same format. In addition,
where possible, we added the requirement that the returned
records be articles published in English. We set no lower time
limit but did requirethat the included papers be published before
March 1, 2021. To facilitate other potential systematic reviews,
we cast a wide net with our search terms and included other
cognitive processes. For example, for Scopus, the search strings
were as follows: TITLE-ABS ((gamif* OR game OR games)
AND (cognit* OR neuropsych* OR assessment OR memory OR
executive function OR attention* OR impulse control OR
processing speed OR inhibition OR anxiety OR depression))
AND DOCTYPE (ar).

Study Recor ds and Data M anagement

To screen the final set of records for our inclusion criteria, we
used Rayyan, a web-based system developed for conducting
systematic reviews [28].

The first author screened the titles and abstracts of al records
for obvious exclusions, such as papersthat referenced physical
games and sports, as opposed to digital games. The first 2
authors screened the remaining papers, made final decisions,
and resolved conflicts through discussion.

Asafinal quality check, we also screened the first 100 results
from Google Scholar using the search string: ((gamif* ORgame
OR games) AND (attention*)).

Data Itemsand Synthesis

Our main research question for this systematic review is. How
aredigital games used for the cognitive assessment of attention
made and measured? We aso had follow-up questions related
to the evaluation of the game's efficacy and engagement: how
effective are the games for accurate assessment? and how
effective are they in terms of participant engagement?

To conduct the review, we gathered data related to a list of
guestions for each paper using a spreadsheet. We listed the
specific area of attentional control the study focused on (eg,
selective and divided), the population examined (eg, children
and older adults), and the sample size of the study.

We aso listed a number of details about each assessment,
including its intended purpose, a general description of the
assessment, and if it was focused on a specific disorder (eg,
ADHD, dydlexia, or dementia). We were also interested in how
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each assessment was measured, particularly how it was
evaluated, if it was compared with any traditional cognitive
tasksor aclinical diagnosis, and any resultsfrom the evaluation.

We listed details about gameplay, giving a general description
of each game and listing any game mechanics used (eg, points,
narrative, and avatars). We aso noted how the game was
devel oped (eg, gamification of atask, custom game, and existing
commercial game), the expertise of individuals involved in its
devel opment (eg, health care professionalsand game designers),
any evaluation of the game and the results (eg, enjoyment and
immersion), and the authors' motivation for using a game.

The first 2 authors collected the data from each paper in a
spreadsheet, with each author responsiblefor half of the papers.
The first author then reviewed each paper and the spreadsheet
to ensure uniform data collection. These datathen informed the
qualitative synthesis presented in our results. The wide range
of methods used in the included papers precluded any
meta-analysis or meaningful quantitative analysis. At most, we
provided the summary statistics. We intended for this review
to provide an overview of how researchisconducted inthefield
and focus on the methodol ogy of each paper.

Results

Search Results

Our initial search was conducted in December 2019, with an
updated search conducted in March 2021 to include any new
publications. The two searches resulted in a set of 91,968
records. We used Mendeley Reference Management software,
which automatically deleted 38,179 duplicate records. We then
manually deleted remaining 4424 duplicates, resultingin afinal
set of 49,365 records to review.

The first author’s initial screening excluded 46,969 records.
These exclusions were made quickly based on brief searches
through titles and abstracts. For example, many records
referenced the Olympic Games or game asin animal game.

The first 2 authors then reviewed the remaining 2396 papersin
more detail and excluded a further 2326 papers. At this stage,
common exclusions included papers that addressed cognitive
processes other than attention [29], papers that used virtual
reality or other specialized hardware [30], and papers that
focused on interventions and training [31].

A total of 78 papers were selected for analysis, however, we
were unable to obtain the full text of 4 papers from any digital
library, interlibrary loan, or attempting contact with the authors,
leaving afinal set of 74 papersfor the review (Figure 2).
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Figure 2. Flowchart of included and excluded recordsin our review.

Records identified through
database searching
(n=91,968)

Records screened
(n=49,365)

Papers assessed for
eligibility
(n=2396)

Final set of papers
(n=74)

Summary of Included Studies

The full details of the papers included in this review can be
found in MultimediaAppendix 1[13,17,32-103] (genera details
of each study) and Multimedia Appendix 2 [13,17,32-103]
(assessment and game details of each study).

Publishing Formats and Dates

The 74 papersin our review were published in journals from a
variety of fields (based on the journal descriptions). Of these

Table 1. Referencesto al included papers according to publication field.

Wiley et a

Records excluded
(n=46,969)

Papers excluded
(h=2322)

74 papers, 33 (45%) paperswere from psychology and medical
publications, 26 (35%) papers were from interdisciplinary
publications, 13 (18%) papers were from computer science
publications, and 2 (3%) were from education publications
(Table 1).

The earliest study in our review was from 2000. Most papers
were published in the late 2010s, with 14 papers published in
2018 and 13 in 2019 (Figure 3). Two papers were published in
the first 2 months of 2021, before the upper time limit for
inclusion in this review.

Field Reference
Interdisciplinary [13,17,32-55]
Psychology and medicine [56-88]
Computer science [89-101]
Education [102,103]
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Figure 3. Number of included papers according to publication year and field.

&

4
3
1
(0 \ /\ /\\/
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 20016 2017 2018 2019 2020
Interdisciplinary . Psychology and medicine Computer science Education

Study and Participant Characteristics

The selected papers included 40,154 participants, with sample
sizesranging from 5 to 16,233 participants.

Themajority of studies (35) focused on children, with 12 papers
focusing on older adults and 25 on a general adult population.
In addition, 2 papers had participants from across the human
life span, with both children and adults of al ages.

Although the majority of papers (34) looked at a genera
population, 3 main disorders were also studied: 16 papers on
dementiaand general cognitiveimpairment, 11 on ADHD, and
7 on dydexia. Furthermore, 6 papers examined other disorders
(ie, schizophrenia, substance abuse, aggression, multiple
sclerosis, Down syndrome, Zika virus disease, Parkinson
disease, and Huntington disease).

The papers studied many different aspects of attention and
attentional control: inhibition (25 papers), sustained attention
(23 papers), visua attention (19 papers), selective attention (14
papers), switching (9 papers), updating (7 papers), divided
attention (6 papers), orienting (2 papers), and attentional bias
(1 paper). Furthermore, 23 papers measured multiple types of
attention. In addition, 5 papers did not specify what type of
attention was measured nor could it be inferred from the
information in the papers.

Why Are Digital Games Used for Assessment?

Thepapersinour review listed several reasonsfor using agame
to assess cognition: to addressthe limitations of traditional tests
(32 papers), to increase participant motivation (22 papers), to
engage children (18 papers), and because of previous research
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RenderX

(7 papers). In addition, 7 paperslisted multiple reasons, whereas
7 papers did not list a motivation for using a game.

The most common reason for using a game was to improve
motivation and engagement (22/40, 55% with a general
population; 18/40, 45% specifically geared toward children).
For example, Thirkettle et al [38] created an app that gamified
a battery of cognitive tests, specifically with the goa of
encouraging repeated play. Dibbets et a [85] sought to study
task switching in children but realized that traditional tasks
require participants to be literate. Thus, they developed the
Switch Task for Children, which does not require a reading
response and presented it as a game to “appea to young
children.”

In total, 32 papers used games to address the limitations of
traditional assessments, as they can be costly in terms of time
and resources, require special expertise, lack ecological validity,
and cannot be widely deployed. For example, Brown et al [49]
collected data from over 16,000 users using a smartphone app
that gamified several tasks. Tong et a [70] created a
whack-a-mole game for delirium screening in emergency
departments, noting that it would be particularly useful to have
an automated cognitive test given the busy and demanding
nature of emergency rooms.

How Are Digital Games Used for Assessment Made?

Overview

Our review found three different approaches to developing
games for assessment purposes. gamifying cognitive tasks (33
papers), creating custom games based on theories of cognition
(37 papers), and exploring potential assessment properties of
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commercial games (4 papers). One study used both a gamified
task and a commercial game.

Gamification

Gamifying atraditional cognitive task is a common approach
for making a game for assessment. This approach involves
adding points, graphics, and other game elementsto atraditional
task. Typically, thesetasks are digitized (if they are not already),
and then the game elements are layered over thetop of the basic
task. As an example of gamification from our review, Johann
and Karbach [59] created a series of gamified tasksfor children,
all based on the story of amagic kingdom where an evil wizard
must be defeated. One task was a go/no-go task, where the
stimuli were dragons of different shapes and colors. Correct
responses advanced aprogress bar and earned participants magic
power points. This example uses points, graphics, and themes
to gamify the task, but any one game element or combination
of elements can be used for gamification. For example, Lumsden
et a [13] created a stop signal gamified task using only points
and another variation using only thematic graphics. On the other
end of the spectrum, Ryokai et a [36] used many game €l ements
in their multiple object tracking (MOT) game for children,
including a theme, graphics, music and other sound effects,
dynamically adjusted levels, and feedback.

Custom Games

Another popular approach isto create a custom game based on
theories of cognition or other previous research. For example,
several papers in our review created games to detect dyslexia
based on theories of visual-spatial attention [55,89,96,100]. As
another example, McKannaet a [32] created 21 Tally, described
as “blackjack played in two dimensions,” based on theories of
divided attention.

The custom games in our review are diverse, ranging in
appearance and complexity. Some arefairly similar to gamified
tasks in their simplicity and approach. For example, although
Chesham et al [50] did not gamify a specific task, their custom
game looks and feels like a gamified task, with very ssimple
designs and mechanics; in fact, they called it ataskified game.
Other custom games, such as the EVO game by Anguera et al
[56], are more akin to a commercia game. EVO was designed
specifically to resemble a commercial action video game, with
afocus on “high-level art, music, feedback and storylines.”

These custom games are also diverse in their development.
Some gamesare very literature- and hypothesis-driven, whereas
others offer less rationale for their design. For example,
Rauschenberger et a [100] created MusVis, a game to detect
dyslexiausing language-independent methods. They based their
design choices on the visual and auditory processing abilities
of individuals with dyslexia. On the other hand, some papers
in our review did not offer a clear rationale for how they
designed their custom game and why they expected it to work.

Commercial Games

Four papers used preexisting commercial games. In these cases,
the games were not created by the researchers; rather, the
researchers explored the potential assessment properties of a
game. For example, Intarasirisawat et a [92] used Tetris, Fruit
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Ninja, and Candy Crush Sagato investigate how touch gestures
in popular games might relate to performance on traditional
cognitive tasks. In their study, participants were asked to play
games and complete traditional paper-based tasks. A bivariate
analysisthen reveal ed correl ations between commercial games
and tasks.

Asanother example, Houghton et a [52] used Crash Bandicoot
to study motor control and sequencing among boys with and
without ADHD, under low and high working memory and
distractor conditions. The goal of the study wasto compare how
boys with ADHD performed in an ecologically valid, highly
motivating environment (a computer game) compared with a
standard laboratory environment.

How Are Digital Games Used for Assessment
Measured?

Evaluation of the Assessment Aspect

Overview

Asdigital games have not been traditionally used for cognitive
assessments, they need to be evaluated for their relation to
cognition; for example, researchers may want to know whether
people with and without ADHD display different mouse
behaviors [102] or if scores on a gamified go/no-go task
correlate to correct responses on a traditional go/no-go task
[51,59,62,69].

Our review found three approachesto eval uating the assessment
aspect of games. comparison to a traditional task (31 papers),
comparison to aclinical diagnosis (14 papers), and comparison
to knowledge of cognition (11 papers). An additional 4 papers
compared game resultswith both atraditional task and aclinical
diagnosis, and 1 study used both clinical diagnoses and
comparisons to normative data. Of these papers, we further
identified 4 that used machine learning to eval uate assessment.
Thirteen papers did not evaluate the assessment aspect of the
game.

Comparison to a Traditional Task

The most common approach to eval uating the assessment aspect
of agame isto compare the results of a game with the results
of an established cognitive task. For example, if the scoresfrom
agame are designed to measure response inhibition, researchers
may want to compare those scores with those from a go/no-go
task. If the patterns of responses are similar, it islikely that the
game measures response inhibition in a similar way to a
go/no-go task. This process is what Chicchi Giglioli et al [51]
followed when evaluating their game, EXPANSE, which
gamified the dot probe task, go/no-go task, Stroop task, trail
making task, and Wisconsin Card Sorting Test. Participants
were asked to complete both the standard tasks and game-based
versions.

Although this process offersthe most direct comparison between
tasks and their gamified components, of the 33 papers that
gamified a traditional task, only 14 evaluated the game by
comparing it with the task.

Custom and commercial games may also be compared with
traditional tasks. For example, Tong et a [69] created a
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whack-a-mole game designed to measure response inhibition.
Although this game was not based on a specific task, it
calculated correlations between performance on the game and
performance on a standard Stroop task, which also measures
response inhibition. Similarly, Baniqued et al [57] had
participants play 20 commercial casual games, as well as a
battery of cognitive tasks, and examined the relationships
between how partici pants performed on the games and the tasks.

Comparison to a Clinical Diagnosis

Another approach to evaluation is to compare the results of a
game with a clinical diagnosis or questionnaire. For example,
if agameisdesigned to measure sel ective attention, researchers
may want to look at how scores on the game differ between
children with and without ADHD. Aschildren with and without
ADHD typically display different patterns of selective attention,
the game can be assessed to determine if it discriminates
between children with and without ADHD. If game performance
differs between the 2 groups, it may be measuring selective
attention. Alternatively, it may be picking up on some other
feature of cognition that differs between children with and
without ADHD; therefore, this approach needs to be used
carefully.

If the intent of the game is to diagnose ADHD, it matters less
why it works than if it works. Most of the gamesin our review
used this eval uation approach for situationsin which diagnosis
wasthe goal. For example, Peijnenborgh et al [34] demonstrated
that their game, Timo's Adventure, had clinical validity by
showing that children with and without ADHD had significant
performance differences.

Asanother example, Fukui et al [88] recruited participantswith
mild cognitiveimpairment, participants with Alzheimer disease,
and age- and gender-matched healthy control participants and
examined whether performance data from their games were
able to discriminate between the 3 groups.

Comparison With Theories of Cognition

The results of a game can also be compared with the theories
of cognition. For example, if a game is designed to examine
attentional blink phenomena, we can refer to the literature on
patterns of attentional blink to determineif the results from the
game make sense. These comparisons can occur in different
ways, for example, comparisons with normative data or a
specific theory. Brown et al [49] used a set of gamified tasks.
They did not compare those games with atask version directly,
but they compared their resultswith the literature on those tasks,
reporting that their games produced canonical results. Thirkettle
et al [38] compared their results on the basis of demographic
effects by grouping participant results according to gender and
age and assessed the replication of known effects (eg, increases
in age correlated with increases in reaction time). Similarly,
Ryokai et a [36] compared their results with the known MOT
limits.

Machine L earning

Asan additional finding, we found 4 papers that used machine
learning in their eval uation. These studies compared the results
of a game with the results of a cognitive task or clinical
diagnosis and then used machine learning to build a
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classification model for the game results. For example, Jung et
al [54] used machine learning to classify game scores by
comparing them with MMSE scores, and Mwamba et al [33]
classified game data based on children with and without a
diagnosis of ADHD.

Evaluation of the Game Aspect

When using digital games for assessment, it is important to
evaluate the games themselves. As discussed earlier, many
papersinour review discussed using games as assessment tools
with the motivation to increase participant engagement with
testing. Thus, researchers may want to know if agameis more
enjoyable than atraditional task [62,90] or if participants find
the game too difficult to play [101].

In our review, only 25 studies evaluated some aspects of
gameplay. The mgjority of studies (n=41) did not evaluate game
features. Furthermore, 8 papers did not formally report an
evaluation of the game but suggested that some evaluation was
done (eg, asentence in the discussion section that indicatesthat
most participants enjoyed the game [42] and mentioned that
participants were asked if they enjoyed the game without
reporting the results [57]).

Of the 25 studies that evaluated game play, most used a short
guestionnaire to assess enjoyment and difficulty, although these
measures vary in complexity. For example, Gaggi et a [89]
asked children two simple questions about their game
experience: “Do you like the game?’ and “Isthe game difficult
toplay?’ with smple choicesfor answers: “ Yes, alot; Yes; Not
so much; No” and “Easy; Medium; Hard,” respectively. On the
other end of the spectrum, Szalmaet a [37] used amoredetailed
battery of the NASA (National Aeronautics and Space
Administration) Task Load Index (aquestionnairethat measures
perceived workload) and other questionnairesto measure stress,
task engagement, and difficulty.

Game behavior was also used as a metric of enjoyment; for
example, Thirkettle et a [38] noted that 1400 participants played
their game more than 10 times, and Godwin et al [90] found
that their Monster Mischief game was three times as popular
with children asthe MOT task it was based on.

Another way to assess game elements is to directly compare
multiple versions of a game or task with different elements
included in each version. Miranda and Palmer [64] compared
three versions of a visual search game: with points and sound,
with only points, and with only sound. Lumsden et al [62] used
this approach to compare three versions of a gamified task (ie,
a nongame task, a gamified task with points, and a gamified
task with atheme).

How Effective Are Assessment Games?

Although our review was mostly concerned with methodol ogy,
that is, how assessment games are made and evaluated, we also
wanted to explore how effective these gamesare. How effective
are they at an accurate assessment and at participant
engagement?

Unfortunately, the general lack of evaluation done by the papers
in our review precludes us from answering these questions. In
addition, the wide range of methodologies makesit difficult to
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compare even the limited studies that do include some
evaluation. For example, Miranda and Palmer [64] gamified a
visual search task and used it to investigate how participants
responded to a task with points and sound effects included.
Similarly, Lumsden et al [62] used the same approach with a
go/no-go task to examine the effects of points and themes.
However, the evidence from these studiesis difficult to compare
despite their similar methodologies. Miranda and Palmer
compared versions of their game with only points, with only
sound effects, and with both points and sound effects. They did
not compare it with the control version of the task. Lumsden et
al compared versions of their game with only points, with only
theme, and with a control version of the task but did not have
aversion that combines points and themes. These differences
in evaluation were found across all studiesin our review.

Discussion

Principal Findings

We identified and reviewed 74 papers that used a digital game
to measure cognitive functions related to attention. We sought
to answer the following question: How are digital games used
for the cognitive assessment of attention made and measured?

We found three different approaches to making assessment
games: gamifying cognitive tasks, creating custom games based
on theories of cognition, and exploring potential assessment
properties of commercial games.

Games for assessment have two aspects that can be evaluated:
the assessment properties (eg, how accurately attention is
measured) and game properties (eg, how fun the gameis). The
papers in our review that evaluated the assessment properties
used three approaches:. comparison to a traditional cognitive
task, comparison to a clinical diagnosis, and comparison to
knowledge of cognition; however, most studiesdid not evaluate
the game properties.

From our review, we identified three barriers to the progressin
using games for cognitive assessment. We propose
recommendations to address these barriers and offer ideas for
further research.

Barriersto Progressin theField

Overview

There are three barriers to making substantial progressin using
games for cognitive assessment. The first barrier we identified
is that the literature currently perpetuates assumptions about
how users interact with assessment games. Second, there is a
lack of evaluation of these games. Third, there is no clear
standard for integration across the field.

Assumptions

Although the papersin our review did not explicitly state that
assumptions about games informed their choices, our results
reveal ed some patterns. In total, 13 papers did not evaluate the
assessment aspect of the game. Of these papers, the vast magjority
were about gamified tasks (9 papers). In addition, of the 33
papers that gamified a traditional task, only 14 evaluated the
game by comparing it with the task. Thislack of evaluation for
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gamified tasks may be dueto the assumption that adding ssmple
elements such as points and graphics will not interfere with
performance on the basic task.

In addition, 40 papers chose to use a game for assessment
because of a potential increase in participant engagement and
enjoyment; however, this choice was rarely followed up with
an evaluation of how enjoyable participants found the game. In
fact, of these papers, only 18 evaluated game play. This
assumption that a game of any type or quality will be engaging
and will yield better results than atraditional task is pervasive
across the literature, despite evidence to the contrary. For
example, Wiley et al [17] analyzed the effects of including
points and theme in a gamified task. They found that although
points increased participants experiences of enjoyment,
challenge, and meaning, adding atheme actually lowered these
experiences. After a theme-based introduction to the task,
enjoyment wastemporarily higher but dropped after play, likely
because the basic game play failed to live up to participants
heightened expectations. Different game experiencesinfluence
enjoyment and engagement in ways that cannot aways be
predicted.

Evaluation

Morethan half (41/74, 55%) of the papersin our review did not
evaluate any aspect of game play, and 17% (13/74) of papers
did not evaluate any assessment properties. This lack of
evaluation is problematic for the advancement of cognitive
assessment games. For the gamesin our review to be seriously
considered as assessment toolsin the way that standard cognitive
tasks are perceived, they need to be evaluated and validated in
the same way.

Only 21 papers from our review evaluated both assessment and
game properties. As Levy et a [104] noted, “One of the most
significant challenges in designing games for scientific studies
isthe tension between including enough gamelike elementsthat
produce an engaging game, but also selecting theright elements
that will not interfere with the validity and reliability of the
game as a scientific method or tool.” Each assessment game
must be evaluated based on both its assessment value and its
game value.

I ntegration and Standardization

The final barrier to progress is integration across the field.
Currently, there is little guidance on how assessment games
should be made, evaluated, and used. Although every project
will be different (eg, each gamewill use different tasks, themes,
or gamification approaches), for thefield to advance, there needs
to be integration at the level of the game structure. At the
structural level, researchers should devel op aclear understanding
of how different game mechanics in assessment games (eg,
points, theme, rewards, feedback, procedures, rules, gameinput,
and narrative elements) interact with user performance and
experience. Some research is being conducted in this regard;
for example, multiple studies have shown a classic
speed-accuracy trade-off when points are included in an
assessment game[17,39]. Thistype of work should be expanded
to other game mechanics, and reviews and meta-analyses should
integrate the findings to devel op standards within thefield. The
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majority of the included studies were published in psychology
or medical venues, compared with computer science venues, or
interdisciplinary venues; therefore, it could be possible that
research teams lack formal training in the design and
deconstruction of games [105].

Recommendationsto Address Barriers

Overview

To help advance thefield, we identified the best practices from
the papers in our review. These include using clearly defined
goals to guide the development of a game, ensuring robust
evaluation, and working with interdisciplinary teams.

Motivation and Purpose

Describing a clearly stated motivation for using a game over a
traditional assessment can justify the use of games in this
context. For example, motivation may beto increase engagement
with children or reduce dropout ratesfor long-term monitoring.
The game can then be evaluated to determine if it meets the
motivation (eg, does it engage children? Does this reduce
dropout rates?). This evaluation is important because the field
is new enough that the results are often not generalizable.

Clearly articulating a clear long-term goal can set guideposts
for the development and evaluation of games for assessment.
For example, if the goal isto use a game as a neuropsychology
tool, researchers can focustheir efforts on making astandardized
gamethat meetsrobust standardsfor validity and reliability and
has a large normative data set [12]. If the goal is to create a
game for widespread dissemination for population-level
research, then the focus can be on making the game truly
engaging and fun to encourage natural use in-the-wild. As an
example from our review, McKanna et al [32] identified the
need for an unobtrusive way to continuously monitor and detect
cognitive decline in older adults. This goal guided their
development of a computer game that naturally appealed to
older adults and targeted divided attention, afunction associated
with daily activities that often declines with age.

Evaluation

Evaluating the assessment capacity of assessment games is
necessary to establish their validity. Given the new variables
that any game element introduces to an assessment, moving
forward, a focus on robust evaluation needs to be prioritized
for any cognitive assessment game. We can look at cognitive
psychology for best practices when evaluating tasks. For
example, when developing a new parametric go/no-go task,
Langenecker et a [106] measured the sensitivity, construct
validity, and test-retest reliability. From our review, Chesham
et a [50] measured the validity of their search and match task,
apuzzle game designed to assess visual search. To dothis, they
looked at correlation analyses between performance on the game
and performance on traditional tasks.

Measuring the player experience within assessment games is
necessary to justify the use of games over traditional assessment
tasks. In our review, weidentified three approachesto evaluating
assessment games. comparison to atask, comparisontoaclinical
diagnosis, and comparison to theories of cognition. Comparisons
to a task and to theories of cognition can help determine
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construct validity. A comparison with aclinical diagnosis may
measure the sensitivity. However, there are many other issues
that need to be addressed. For example, does the game work
for people from different cultures or with different educational
backgrounds? Arethere practice effects that may interfere with
repeated use? Some of the studies in our review addressed
questions such as these; for example, Rello et al [94] assessed
their game for both English and Spanish speakers; however,
every study in our review answered different evaluation
guestions.

It may be useful to devel op best practices around how and what
should be eval uated when devel oping an assessment game. This
list should include evaluating the assessment aspects in ways
similar to cognitive psychology methods, but it also needs to
include evaluating the game aspects. Knowledge on how to
evaluate games can come from games user research.

I nterdisciplinary Work

Integrating knowledge across the disciplines of psychology,
clinical sciences, game design, or user experience will help
ensure robust results. Regardless of the goal's of the assessment
game, the best result will often come from an interdisciplinary
team. Levy et a [104] noted that, “...the design of scientifically
robust games is often at odds with accepted game design
practices” We need to draw from knowledge of both game
design and cognitive testing. Interdisciplinary work will be key
in devel oping robust, enjoyable games, and it will also be useful
in knowing how to evaluate these games, as discussed earlier.
Expertsin cognitive psychol ogy, neuropsychol ogy, gamedesign,
and games user research can all contribute to thisfield. Asan
example from our review, Smart Aging by Bottiroli et al [83],
a game platform designed to measure various cognitive
functions, was developed in collaboration with “neurologists,
psychologists, neuropsychologists, bicinformatics, designers,
and ICT engineers.”

Limitations

There are some limitations to our systematic review. We did
not search every database for papers; for example, we ruled out
using Springer Link because we could not search by title and
abstract. We selected our databases based on the relevance to
the field and focused on using a mix of computer science—and
psychology-related databases. Similarly, we attempted several
combinations of search terms. Some yielded too many results
for afeasible review. We aimed to search as comprehensively
as we could redlistically manage. We struck an appropriate
balance with 49,365 records to review after duplicates were
removed.

We also used cross-referencing and Google Scholar to check
for additional papers that met our criteria; however, it is still
possible that we missed some papers.

Our review a so only addressed papersthat used gamesto assess
cognitive processes related to attention to keep thisreview to a
manageable scope. Many other studies have assessed memory
and other cognitive functions using games. We intend to cover
memory in another review, and future work should cover games
that are used to assess more complicated cognitive functions,
such as decision-making.
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Another limitation of our selection criteria is our reliance on
authors to define their work as a game or task. Our search
criteria depended on the inclusion of the word gamein thetitle
or abstract of the paper. We may have missed papers in our
review those that used what authors defined as a task but still
implemented game elements, such as points. In addition, we
may have included papers that used what authors defined as a
game but could be considered a task.

Finally, our review only covers published work and thus, carries
the risk of publication bias. As our review focused on the
methodol ogies used by studies and not the outcomes, thisissue
is not a significant concern.

Wiley et a

Conclusions

We conducted a systematic review to answer the following
guestion: How are digital games used for the cognitive
assessment of attention made and measured? We searched a
wide range of databases to identify an initial set of 49,365
papers, which we then narrowed to a set of 74 papers that we
reviewed in detail. From these studies, weidentified three unique
approaches for developing a game for assessment. We aso
identified that, across the field, the focus tends to be on
development rather than evaluation. Assumptions about how
the application of games to cognitive tasks should improve
assessment are widespread but perhaps not widely demonstrated.
Our review can act as aresource to help guide the field toward
more standardized approaches and rigorous eval uation required
for the widespread adoption of assessment games.
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