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ARTICLE INFO ABSTRACT

Game-based interventions (GBI) have been used to promote health-related outcomes, including cognitive
functions. Criteria for game-elements (GE) selection are insufficiently characterized in terms of their adequacy to
patients’ clinical conditions or targeted cognitive outcomes. This study aimed to identify GE applied in GBI for
cognitive assessment, training or rehabilitation. A systematic review of literature was conducted. Papers in-
volving video games were included if: (1) presenting empirical and original data; (2) using video games for
cognitive intervention; and (3) considering attention, working memory or inhibitory control as outcomes of
interest. Ninety-one papers were included. A significant difference between the number of GE reported in the
assessed papers and those composing video games was found (p < .001). The two most frequently used GE
were: score system (79.2% of the interventions using video games; for assessment, 43.8%; for training, 93.5%;
and for rehabilitation, 83.3%) and narrative context (79.2% of interventions; for assessment, 93.8%; for training,
73.9% and for rehabilitation, 66.7%). Usability assessment was significantly associated with six of the seven GE
analyzed (p-values between p < 0.001 and p. = 027). The use of GE that act as extrinsic motivation promotors
(e.g., numeric feedback system) may jeopardize patients’ long-term adherence to interventions, mainly if asso-
ciated with progressive difficulty-increase of gaming experience. Lack of precise description of GE and absence of
a theoretical framework supporting GE selection are important limitations of the available clinical literature.
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1. Introduction

Game-based interventions (GBI) are built on the assumption that
specific human skills and behaviors can be more easily promoted when
the required training is conducted within a playful and entertaining
context, such as the ones entailed by video games [1]. Gamification
processes [2], serious games [3] and applied games [4] are, currently,
relevant and innovative approaches in the study of human behavior
change through the use of video games.

Game-based interventions have been used in clinical contexts to
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promote adherence and cognitive capacity among both healthy and
clinical populations. Directly inspired on traditional games, game-ele-
ments (GE) can be defined as a set of video games components which
include patterns, objects, principles, models or methods [2,5]. Points,
levels of difficulty, badges, storyline and plot, progression based on
success or failure to achieve the game’s goals and multiplayer compo-
nent are just a few examples of GE typically present in video games.
The use of GE to promote learning and motivation finds support on
traditional psychological theories [6]. According to the Self-Determi-
nation Theory [7], intrinsic-motivated behavior (or at least more
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autonomous motivated behavior) is developed when the person
achieves a sense of competence towards the activity and when it is
allied with an internal perceived locus of control of the task. In video
games, some GE, such as positive feedback messages, can promote a
sense of competence while playing the game. Also, internal perceived
locus of control is promoted with tooltips or help buttons that show to
the player what he or she did wrong and how to correct the action [7].

Another possible example is the implementation of tutorials and
other on-boarding tools to introduce game mechanics that are initially
beyond the newbie’s capacity. The acquisition and development of new
skills, supported by such “external” help or by a more experienced
agent, finds theoretical support in Vygotsky’s concept of zone of prox-
imal development [8], as well as in the concept of scaffolding proposed
by Wood and colleagues [9]. Within these two conceptual views,
learning and problem solving are depicted as constructive processes
that can be fostered if guided by more capable peers. This is also the
case in Massively Multiplayer Online Games, where interaction and
collaboration with more skilled players are not only available but
highly sought through participation in both in- and out-game activities,
such as raids, parties, chats and discussion forums.

The study of the impact of video games on human cognition and
behavior has been heavily focused on the downsides of such playing.
Notwithstanding, existing results are conflicting. On one side, excessive
exposure to video games, especially to those with violent content [10],
has been associated with increased aggressiveness (at behavioral, cog-
nitive or emotional levels), and decreased prosocial behavior, empathy,
and sensitiveness to aggression [11]. On the other side, there are studies
were these results were not replicated [12]. A recent study proposed
that the increase of aggressive behavior associated with playing video
games is mainly the result of a priming effect (which increases acces-
sibility to aggressive/violent thoughts) and, so, the effects are short-
lived, occurring only immediately after video game exposure (no more
than 15min) [12]. Przybylski and Weinstein [13], on the other hand,
propose that the aggressiveness that might be associated with video
games may be better explained by background-factors present in spe-
cific cohorts (e.g, technology use and material deprivation). Ad-
ditionally, the authors highlighted the high methodological flexibility
present in aggression behavior and violent gaming measures that con-
tributes to selective reporting of results [13].

The scientific community has recently been also interested on the
beneficial impact that video games may have in human behavior. For
instance, in a recent meta-analysis about the efficacy of serious games
to reduce cognitive decline among psychiatric patients, a moderate
effect size of this ludic-therapeutic approach was found (g = 0.79 (95%
CI 0.36 — 1.21); p < 0.05) [14]. In another systematic review of lit-
erature, where the impact of video games was compared to other
computer-based interventions, Kueider and colleagues concluded that
video games constitute an effective intervention for global cognition
stimulation (d = 0.69), with relevant results also on reaction time
(d = 0.77), processing speed (d = 0.72), executive function (d = 0.25),
and attention (d = 0.21) [15]. Anguera et al. [16] showed a significant
reduction in multitasking cognitive cost in a group of older adults after
playing NeuroRacer — a 3D multitasking training video game designed
to improve cognitive control — when compared to an active control
(single-task training) and to a non-contact group. Furthermore, im-
provements identified in Anguera’s experiment persisted after six
months without boosting sessions, with benefits being transferred to
other cognitive domains than those directly targeted by the video game
(i.e., sustained attention and working memory).

Nonetheless, important methodological shortcomings (e.g, lack of
concise terms or of standardized methods to develop and assess GBI) and
ethical concerns (e.g., unfamiliarity or technophobia, unrealistic expecta-
tions of improvement and skill generalization, the possibility of physical
harm, addiction, or social isolation) have been reported [5,17,18].

From a clinical point-of-view, it is of great concern the absence of a
conceptual or clinical rationale supporting GE selection depending on
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patient’s clinical conditions and/or on targeted cognitive outcomes.
One rare exception can be found in the work of Lumsden et al. [17],
where the authors clearly stated that GE such as rewards and feedback
seem to be particularly suitable for persons with Attention Deficit Hy-
peractivity Disorder (ADHD), who are especially responsive to im-
mediate reinforcement, feedback and clear definition of goals and ob-
jectives. On the other hand, the subjective and somehow arbitrary use
of GE in vulnerable populations [18] can impair the successful clinical
usage of GBI and can introduce deleterious effects on users’ perfor-
mance [19] or psychological/emotional health. Take as example a life
bar (score system element) in a serious game for cancer survivors,
where patients lose points every time they do not achieve the game’s
goal.

To the authors knowledge, this research represents a first effort to
overcome the aforementioned limitations, namely the lack of a theo-
retical framework supporting GE selection in interventions focused on
cognitive promotion. For this purpose, a systematic review of literature
(following PRISMA guidelines [20]) was conducted to identify which
GE were most frequently present in GBI used for cognitive assessment,
training or rehabilitation. Furthermore, considerations were made re-
garding the capacity of those GE to promote patient’s adherence to the
cognitive intervention, reflecting on the adequacy of such GE to the
study of the targeted cognitive outcomes.

2. Materials and methods
2.1. Search strategy

Search-terms related to “game-based interventions” and “cognitive
outcomes” were identified on basis of an exploratory narrative review
and discussion between members of the research team. Medical Subject
Headings (MeSH) terms were used whenever possible. A total of 46
“game-based interventions” terms were combined listwise with 14
search-terms related with “cognitive outcomes” (i.e., each search-term
of the first category was individually combined with each term of the
second category) (see Supplementary Table S1 for details on the search
strategy). This keyword combination allowed us to minimize the ex-
clusion of potential entries that could be masked by the use of less
common terms, which is not unusual in recent research fields.

2.2. Information sources and search

Electronic database search was conducted on 24 January 2017 and
then updated on 22 March 2019. PubMed, SciELO, and EBSCO -
Psychology and Behavioral Sciences Collection were searched, with a
restriction to the following inclusion criteria: (1) publication date
(PubMed: 24 January of 2006 to 21 March of 2019, SciELO:
2007-2019; EBSCO: 1 January of 2006 to 21 March of 2019); (2) full
text in English (PubMed and EBSCO); and (3) search field (title and
abstract). Furthermore, search was restricted to peer-reviewed papers
(EBSCO database) and studies with humans as study’s subjects
(PubMed). Book chapters were excluded.

2.3. Additional sources of information

Eighteen journals with editorial interests on serious games and
games for health were identified and manually searched to locate ad-
ditional studies of interest published between 2012 and 2019 (see
Supplementary Table S1 for details). Additionally, reference lists of (1)
each paper included for data extraction and (2) the literature reviews
(narrative or systematic ones) identified during the screening process
were also hand-searched for identification of additional relevant pa-
pers. Literature reviews were considered only as potential source to
identify empirical papers (i.e. for reference search purposes; not for data
extraction).
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2.4. Screening and eligibility

The set of initially retrieved entries was assigned to three pairs of
reviewers and independently screened by each researcher in the pair,
considering title and abstract analysis. Studies were eligible for data
extraction if: (1) empirical and original data were presented; (2) a video
game (commercial, adapted or applied) was used for cognitive assess-
ment, training or rehabilitation; (3) the intervention targeted and ex-
plicitly reported individual measures of attention, working memory or
inhibitory control outcomes; and (4) the full text was available in
English, Portuguese or Spanish. To be considered as a video game, the
software had to include at least one of the following GE: (1) score
system (in software that presented unrelated tasks, a final/total score
system had to be present); (2) performance feedback system (non-nu-
meric); or (3) continuous narrative context between tasks. Multigame
platforms (e.g., unrelated mini-games), computerized cognitive training
programs (e.g., RehaCom®), software programs that were merely digital
version of paper-and-pencil instruments (no GE added) and studies that
used more than one video game per group were excluded. Entries from
the update search (n = 464) were screened by the first author and 10%
of those entries were cross-checked by the last author. Disagreements
between researchers concerning data eligibility were solved by a third
independent senior element, who approved the final list of studies to be
included for data extraction.

2.5. Data collection process

A data extraction spreadsheet, including a glossary of concepts (e.g.,
GE, cognitive outcomes), was developed and used by all team members.
This was done to promote harmonization of the extraction process.
Three sections were considered: “General paper information” section,
“Video game descriptive information” section, and “Interventions de-
tails and cognitive/health outcomes” section (see Supplementary Table
S2 for details). Extraction fields presented two different formats of re-
sponse: pre-defined option (closed-answer format), or strings of in-
formation (open-answer format). When it was not possible to char-
acterize study’s elements according to the available options, researchers
could select the option not clear/not sure.

2.5.1. General paper information section

In this section, information regarding title, authors’ name, journal’s
title, year of publication, publication quartile (in 2017), and area of
expertise (i.e., area in which the study had the highest quartile in 2017
according to the Scimago Journal & Country Rank) were gathered.
Papers were coded according to the following four categories of sci-
entific expertise: (1) Health Sciences (included journals focused on
Neurology, Neurosciences, Pediatrics, Perinatology and Child Health,
Medicine, Rehabilitation, Geriatric, Gerontology); (2) Social Sciences
(Psychology, Neuropsychology, Physiological Psychology, Clinical
Psychology, Cognitive Neuroscience, Behaviour Research and Therapy);
(3) Computer Sciences (Computer Sciences Applications, Engineering,
Health Informatics); and (4) Other (Public Health, Environment and
Occupational Health, Language and Linguist, Multidisciplinary).

2.5.2. Video game descriptive information section

2.5.2.1. General description. This section addressed information regarding
the game’s title, main activity, type of platform, and virtual components.
The central action/task that the player must perform to achieve the game’s
goal was considered the main activity (e.g, drive a car, collected/find/
selected stimuli, shopping, play tennis). Three types of platforms were
considered: game’s console, touch-based devices (ie., smartphone/tablet)
and computer. Finally, video games were classified as being exergames or
not, having virtual reality (VR) or not, or having another virtual component.

2.5.2.2. Purpose and cognitive utility of video game. Two types of video
games were considered according to the purpose for which the video
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Narrative context — storyline in which the main action of the game
unfolds. Storytelling adds meaning and guides action whether in a
fantasy (e.g., save the princess) or real-like scenario (e.g., shopping).

Avatar/Character — player’s virtual representation whether human-like
or other (e.g., spaceship).

Score system — numeric feedback system that informs player about his
or her performance and progression in the game. Points, money,
missions, levels, leaderboards, and progression bars were included in
this category.

Reward system — visual feedback system related to the achievement of
specific challenges and skills. Badges, medals, awards, extra powers,
access to virtual world restricted areas, and written and/or auditory
messages related to player's performance were included in this
category.

Win and Lose condition — it is shown to the player, in an explicit way,
that he or she was able or not to achieve the goal of the game (e.g.,
death, return to a previous level).

Time pressure — implementation of time constraints to complete a task
or achieve the best score possible.

Multiplayer — more than one player influences gameplay simultaneously.
This includes cooperation and/or competitive modes.

Fig. 1. Game-elements description.

game was initially developed: (1) applied games (AG) [4], which
encompasses serious games — video games specifically developed to
achieve a change in the player’s patterns of behavior [3] — and gamified
software, a software that underwent a process of intentional use of GE
in order to enhance a game experience in non-game tasks [5]; and (2)
commercial video games (CG), developed for the main purpose of
entertainment and leisure [21]. Commercial video games which were
adapted (e.g., using a different game controller or interface such as
brain computer interface) were classified as AG if targeting behavior
change. Cognitive utility of game refers to the objective for which video
games were used, namely: assessment, training or rehabilitation of
cognitive functions.

2.5.2.3. Game-elements. Studies were searched for the presence of
seven GE. Since there is no widely-accepted definition of what or
how many are the basic GE that compose video games, an initial set was
gathered based on the information reported elsewhere [2,22-24]. That
initial set was then refined to include a total of seven GE whose
definitions were subject of discussion between research team members
until a consensus was reached (see Fig. 1). To obtain an in-depth
description of each of the video games included in the selected papers,
an additional web-based search was conducted. Official websites were
the main source of information to CG. University, research groups and
video-sharing (e.g., YouTube) websites were also searched in the case of
AG. Information extracted from these two sources was introduced
separately.

2.5.3. Intervention details and cognitive/health outcomes section

This section was dedicated to the extraction of information re-
garding intervention and sample characteristics. Therapy aims to help
individuals to regain the capacity to self-regulate his or her behavior in
order to being able to live autonomously [25]. Having this perspective
in mind, three cognitive functions were selected within the core com-
ponents of cognitive control and self-regulation theory [26]:

e Attention: process that enables individuals to consciously process
stimuli/information in our environment [27]. All studies that fo-
cused on attention outcomes were considered for data extraction
purposes regardless of modality (e.g., visual, auditory) or type (e.g.,
sustained, selective) except for studies focused on sensory attention,
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which were excluded.

® Working memory: system that enables the temporary storage and
manipulation of information necessary to adequately respond to
environmental demands [28]. Working memory outcomes were al-
ways considered when presented as a single expression (“working
memory”) in the analyzed paper.

o Inhibitory control: capacity to inhibit a dominant and automatic re-
sponse in order to (deliberately) select a more adequate one re-
garding environment or task’s characteristics [29]. Inhibitory con-
trol or inhibitory capacity were both accepted and considered as
equivalent terms.

The presence of other cognitive or health-related outcomes was also
registered. Finally, information on near transfer capacity (impact on
related cognitive functions targeted by the video game), far transfer
capacity (impact on non-related cognitive or health outcomes targeted
by the video game) [30], user-experience (UX) evaluation (user’s per-
ceptions on software usability, hedonic experience), and sample char-
acteristics were also extracted.

2.6. Statistical analysis

Analysis of data was done using the program Statistical Package for
the Social Science (IBM-SPSS), version 24.0. Studies that presented
more than one intervention arm, with a different video game per arm,
provided different entries in the database. This was done because the
sample unit for data analysis was the video game, not the paper.
Important to highlight that this was done only when each intervention
arm included only one game (as explained in the screening and elig-
ibility section, studies which entailed more than one video game for the
same intervention arm were excluded). Overall, 118 interventions with
video games were identified in the 91 papers included in the qualitative
analysis.

Three sampling bases were considered for data analysis (see Fig. 2).
For GE frequency analysis, video games reported in different papers
were considered only once (Nyideo.games = 72); this is, therefore, the
total number of video games without duplication across papers. For GE
frequency analysis by cognitive utility of the games (i.e., assessment,
training or rehabilitation), video games reported in different papers
targeting the same cognitive utility were considered only once
(Ncog.utiticy = 80). For instance, if one video game was reported in two or
more papers for assessment purposes, the video game was counted only
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once; but if the same video game was reported for assessing cognitive
functions in one paper and for training cognitive functions in another
paper, then the video game was considered twice.

Finally, for two types of analyses (comparing the number of GE
described in the papers and the number of GE really existent in the
video games; and characterizing the association between GE really
existent in the video games and cognitive outcomes), the total sample of
video games interventions (Napenwies = 118) was considered; this
means that all entries were considered regardless of duplication across
papers. This decision was based on the fact that some video games were
used in different papers to evaluate different cognitive functions.

Data normality was tested by using Kolmogorov-Smirnov test and
considering kurtosis and skewness (normality assumed when kurtosis and
skewness ranged between —2 and 2) [31]. Results were considered sig-
nificant for a p-value < 0.05. Because normality was observed for all
variables and for all comparison groups, parametric tests were applied.
Paired-samples t-tests were conducted to determine whether the number
of GE reported in the papers and those that actually compose video games
(as observed in webpages describing the games) differed significantly. This
was done for all different video games altogether (nuy enuies = 118), and
for commercial games (n = 51) and applied games (n = 67). Paired-
samples t-tests were also used for assessing if the number of GE reported in
the papers and those that actually compose video games differ according
to the cognitive utility of the video games (assessment, n = 28; training,
n = 67; rehabilitation, n = 23). Differences between commercial and ap-
plied games regarding the number of GE as described in video games
webpages were tested through independent sample t-test
(Nyideo.game = 72). Differences between the cognitive utility of the video
games (assessment, training and rehabilitation) regarding the number of
GE as described in video games webpages were tested with one-way
ANOVA with Bonferroni Post-Hoc test (Ncog.utitiy = 80).

Chi-square tests of independence were applied to study the asso-
ciation between different pairs of GE (with Cramer’s V for assessing the
strength of the associations); this was also done for testing the in-
dependence between each GE and cognitive outcomes (attention,
working memory, inhibitory control), cognitive utility of the game
(assessment, training, rehabilitation), having health-related outcomes
or not, virtual reality or another virtual component (e.g, brain-com-
puter interfaces); being an exergame, or not; and type of game platform
(console, smartphone/tablet, computer). Chi-square tests of homo-
geneity were applied to check if each GE was more frequently used in
applied or commercial video games.

Papers included in the
qualitative synthesis

npapers=91

$ 33

Rational of the sample

Some papers report more than one video game (i.e.,
more than 1 arm), therefore, (N, entries > Npapers)

Sampling basis

Nall.entries = 118

Statistical utility of the sample

Comparison between number of reported GE and
number of elements observed in the additional web-
based search. Estimation of the association between GE
and cognitive and other health outcomes.

Number of “utility-video games” pairs. Different papers
use the same video game for the same purpose (Ncog uiiity
< Npapers)- ON the other hand, the same video game can
be used for different purposes (Neogutiity > Nvideo.games)

Ncog.utility = 80

Estimation of frequency of GE, game platform and virtual
component by cognitive utility (assessment, training
and/or rehabilitation). Comparison of the number of GE by
cognitive utility.

Ay

Total number of (different) video games under study in
this SRL. Different papers use the same video game,
therefore, (Nyideo.games < Mpapers)-

Nvideo.games = 72

Estimation of GE frequency by video game. Estimation
of the association between GE. Comparison of the
number of GE between applied and commercial video
games.

Fig. 2. Sampling bases used in statistical analysis.
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3402 records identified through

54 additional records identified

2406 records excluded

134 full-text articles

excluded with reasons

38 studies identified in
manual search

references

_5 data base searching through other sources
8
E
T
[7]
o
3456 with duplicates
_g’ 2593 records screened
o
g
O
n
A
187 full-text articles assessed for
2 eligibility
E
S
i
53 studies identified for data
extraction
e
(Y] <
3 e
=
E Y

91 studies included in qualitative
synthesis

Fig. 3. PRISMA flow diagram.

3. Results
3.1. Study selection

Overall, 3456 papers matched the set of inclusion criteria (see
Fig. 3). Fifty-four papers were added after manual search of additional
journals focusing on serious games and/or games for health areas. After
removing duplicates, 2593 papers were screened considering title and
abstract. Overall, 2406 papers were excluded on basis of this analysis.
From the 187 eligible papers for full-text analysis phase, 53 were in-
cluded in the current review. Common reasons for exclusion of papers
were: no use of video game (n = 17); use of game platforms or more
than one video game simultaneously in the same study arm (n = 16);
attention, working memory and inhibitory control were not assessed as
cognitive outcomes (n = 28); literature reviews (n = 28); different
scope (n = 17) (e.g., roundtable discussions); full-text was not avail-
able, even after e-mail contact with authors (n = 2); and two or more of
the aforementioned reasons combined (n = 26). Thirty-eight papers
were later added from manual search of the list of references of in-
cluded papers and literature reviews. A total of 91 papers were included
for data extraction, in which 72 different video games were identified.

3.2. Bibliometric characterization of GBI studies

Year of publication of studies ranged from 2006 to 2018, with
publication peak at 2013 (n = 15). More than half of the studies were
published in journals ranked in the first quartile (54/91). Sixteen stu-
dies were published in journals in the second quartile, six studies in the
third quartile and five studies in the fourth quartile. Ten studies were

published in journals with no impact factor attributed.

From the 81 papers published in journals with impact factor, 42
were published in journals scoping Health Sciences, 25 Social Sciences,
eight Computer Sciences, and six other scientific disciplines. Additional
analysis considering quartile of publication by area of expertise showed
that from the 54 studies published in the first quartile, 26 were indexed
to Health Sciences, 22 to Social Sciences, one to Computer Sciences, and
five to the category “other” (see Supplementary Table S3 for details).

3.3. Purpose and cognitive utility of GBI

From the 72 identified video games, 42 are AG and 30 CG. Sixteen
video games were used for cognitive assessment (of which 15 are AG
and one CG), 46 for cognitive training (of which 18 are AG and 28 CG)
and 18 for cognitive rehabilitation purposes (of which 14 AG and 4 CG).
The difference between the number of identified video games
(Nyideo.games = 72), the number of entries according to cognitive utility
(Deog.utitity = 80), and the total number of entries (Nay.entries = 118) is
due to the fact that: (1) eighteen papers reported data regarding more
than one video game (one video game per intervention arm) [32-49];
(2) nine CG (Medal of Honor: Allied Assault [34,41]; Medal of Honor:
Pacific Assault, EA Games [44,49,50]; Rise of Nations, SEGA [34,51];
Brain Age / Dr. Kawashima’s Brain Training, Nintendo
[37,38,47,48,52,53]; Tetris [34,36,41,46-48,54]; Modern Combat:
Sandstrom, Gameloft [32,39,40]; Big Brain Academy, Nintendo
[55,56]; Ballance, Atari [44,49]; and The Sims, EA Games [32,43,45]);
and (3) 13 AG (Neurofeedback Game [95,96]; VRROOM [116,117];
VRST [81,82]; VRCPAT [75-78,99]; Braingame Brian [86,87,103];
Working memory program, Cogmed Systems [33,107,108];
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RoboMemo, Cogmed Systems [109,110]; ClinicaVR: Classroom-CPT
[67-73]; VR Setup [114,115]; AULA, Nesplora [59,60,122]; Desktop VR
System [91,104]; Space Fortress [97,98,111,123]; and Cybercycling
[42,90]) were reported in more than one study (see Table 1).

Inhibitory
control

No
No
Yes
No
No
No

3.4. Game-elements used in GBI

Our results showed a significant difference (t;17) = 9.67,
p < .001) between the number of GE described in the papers
(M =2.17, SD = 1.43) and the number of GE really existent in the
video games (M = 3.60, SD = 1.53). Statistically significant differences
between the number of GE described in papers (M = 1.92, SD = 1.43)
and GE really existing (M = 4.49, SD = 1.19) were also observed for CG
(tsoy = 11.82, p < .001) and for AG (GE described: M = 2.36,
SD = 1.42; GE really existent: M = 2.93, SD = 1.42; te) = 4.63,
p < .001). Similar results were identified in video games used for
cognitive assessment (GE described: M = 2.04, SD = 1.26; GE really
existent: M = 2.39, SD = 1.13; tuy) = 2.79, p = .010), training (GE
described: M = 2.33, SD =1.50; GE really existent: M = 4.21,
SD = 1.43; tes = 9.14, p < .001) and for rehabilitation (GE de-
scribed: M = 1.87, SD = 1.42; GE really existent: M = 3.30, SD = 1.30;
tio2) = 4.25, p < .001). In average, CG presented more GE (observed
through websites) than AG (tzoy, = 0.11, p < .001). Considering cog-
nitive utility, there was a statistically significant difference between
groups as determined by one-way ANOVA (F (5,79) = 7.34, p = .001).
Bonferroni Post Hoc Test revealed that video games used for training
(M = 4.17, SD = 1.54) present more GE when compared to video
games use for assessment (M = 2.56, SD = 1.41, p = .001).

As shown in Table 2, score system and narrative context were the
two most used GE (57 out of 72 video games). Score system was the
most frequent GE in CG (29/30), in video games used for training (43/
46) and for rehabilitation purposes (15/18), whereas narrative context
was the most used GE in AG (35/42) and in video games used for
cognitive assessment (15/16). Score system was associated with reward
system (X%l) =14.32, p < .001, Cramer’s V = 0.446), avatar
(X(zl) = 5.21, p = .005, Cramer’s V = 0.269), and with win/lose condi-
tion (an = 11.00, p = .001, Cramer’s V = 0.388). Thus, when video
games have score systems, they tend to have reward systems (n = 31),
win/lose condition (n = 31), and avatars (n = 26). No significant as-
sociation was found between narrative context and the other GE. Fi-
nally, it was more likely to encounter avatar (&, = 6.84, p = .014),
score  systems (X?l) =955, p=.002), win/lose condition
(x2(1) = 21.63, p < .001), and multiplayer component
(x2(1) = 22.02, p < .001) in CG than in AG.

Cognitive Outcomes
Attention Working
memory
No
Yes
Yes
Yes
No
Yes

Yes
Yes
Yes
No
es
Yes

Yes, not clear if

Yes, not clear if
active

active

Yes, not clear if
No

Multiplayer
active
Yes, but not
active

No

Not clear

Time
pressure
/sure
No

Yes

Yes

Yes

Yes

Not clear
/sure

Win/lose
Yes

Ye:

Yes
No
No

Not clear
/sure

Reward
system
No

Yes
Yes
Yes
No

Score
system
Yes
Yes
Yes
Yes
Yes
Yes

Not clear/

Avatar/
character
Yes

Yes

Yes

Yes

Yes

sure

Game-elements
Not clear

Narrative
/sure

context

Yes
No
N
Yes
No

3.5. Platform and virtual components

Study that used the video
game

Feng, Spence and Pratt
Lopez-Martin et al. [56]

[44]
Tahiroglu et al. [120]

De Giglio et al. [53]

Computer was the most used platform to run video games (42/72),
regardless of cognitive utility (see Figure S1). Game consoles were used
to run eight video games in 11 papers [36-38,47-49,52,53,55,56,64],
while the 12 video games that used touch-based devices correspond to
only four studies [32,39,40,104]. Win/lose condition was associated
with using a touch-based device (yZ, = 7.35, p = .007), with 81.8% of
video games running in touch-based devices having win/lose condi-
tions. Avatar (y&, = 8.95, p =.003), time pressure (x&, = 4.70,
p =.030) and multiplayer component (x&, = 6.75, p = .009) were
frequent in video games that run in game consoles (87.5%, 87.5%, and
62.5%, respectively).

Twelve video games were categorized as using VR technology, six
were exergames and six used specific interfaces such as brain-computer
interface [88,101] (see Figure S2). More than half of all AG (24/42)
presented some type of virtual component, with VR technology
(n =12) being more frequent in these type of video games
(x(zl) = 10.29, p = .001) than in CG (none of the video games under this
category reported VR). Video games used for cognitive assessment
(x4, = 16.74, p < 0.001, Cramer’s V = 0.457) and video games used

brain, Nintendo — To solve mathematical questions and Brem et al. [52]

hidden objects and achieve 100% accuracy at the
memorize information.
Colin McRea Rally3, CodeMasters — To drive a car.

shooting range.
Ballance, Atari — To steer a ball through a hovering maze of

possible to the different tasks.
Brain Age/ Dr. Kawashima's Brain Training: How old is your

horizontal line without gaps.

paths
Tetriminos — To manipulate and rotate the blocks to create a  Bikic et al. [121]

Medal of Honor: Pacific Assault, EAGames — To collect
Big Brain Academy, Nintendo — To respond as quickly as

Commercial video games for cognitive rehabilitation

Purpose and utility of the game
Game’s name main activity

Table 1 (continued)
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Table 2
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Frequency of use of game-elements in video games (Nyideo.games = 72) and according to cognitive utility (Ncog.uciticy = 80).

Utility of the game (n) Purpose of the game Game-elements n (%)

Narrative Avatar/ Score system Reward Win/lose Time pressure Multiplayer*
context character system
All games (Nyigeo.games = 72) Applied games (n = 42) 35 (83.3%) 11 (26.2%) 28 (66.7%) 15 (35.7%) 9 (21.4%) 22 (52.4%) 2 (4.8%)

Commercial games 22 (73.3%)

17 (56.7%)

29 (96.7%) 16 (53.3%) 23 (76.7%) 15 (50.0%) 16 (53.3%)

(n = 30)
Total 57 (79.2%) 28 (38.9%) 57 (79.2%) 31 (43.1%) 32 (44.4%) 37 (51.4%) 18 (25.0%)
Assessment (Neog utiliy = 16) Applied games (n = 15) 15 (100%) 2 (13.3%) 6 (40.0%) 4 (26.7%) 1 (6.7%) 9 (60.0%) -
Commercial games (n = 1) - - 1 (100.0%) 1 (100.0%) 1 (100.0%) 1 (100.0%) -
Total 15 (93.8%) 2 (12.5%) 7 (43.8%) 5 (31.3%) 2 (12.5%) 10 (62.5%) -
Training (Neog.utiity = 46) Applied games (n = 18) 13 (72.2%) 5 (27.8%) 16 (88.9%) 9 (50.0%) 4(22.2%) 11 (61.1%) 2 (11.1%)

Commercial games 21 (75.0%)

16 (57.1%)

27 (96.4%) 16 (57.1%) 22 (78.6%) 13 (46.4%) 15 (53.6%)

(n = 28)

Total 34 (73.9%) 21 (45.7%) 43 (93.5%) 25 (54.3%) 26 (56.5%) 24 (52.2%) 17 (37.0%)
Rehabilitation (Ncog.utliy = 18)  Applied games (n = 14) 11 (78.6%) 6 (42.9%) 11 (78.6%) 5 (35.7%) 5 (35.7%) 6 (42.9%) -

Commercial games (n = 4) 1 (25%) 3 (75.0%) 4 (100.0%) 1 (25.0%) 1 (25.0%) 4 (100.0%) 2 (50.0%)

Total 12 (66.7 %) 9 (50.0%) 15 (83.3%) 6 (33.3%) 6 (33.3%) 10 (55.6%) 2 (11.1%)

* Cases where it was reported that this GE was not available/active during intervention were not included.

for cognitive training (x&, = 10.53, p = .002, Cramer’s V = 0.363)
were more likely to use VR technology.

3.6. Outcomes of GBI

As shown in Table 3, attention was the cognitive outcome most
frequently targeted in GBI (94/118), followed by working memory (54/
118) and inhibitory control (30/118). This trend was also observed in
video games used for cognitive training and rehabilitation (see
Supplementary Table S4 for details). None of the three main cognitive
outcomes was associated with any of the GE under study. Other cog-
nitive outcomes (e.g., fine motor skills, reasoning, fluid intelligence)
were assessed in 91 out of 118 interventions, and other health outcomes
(e.g., mood, ADHD symptoms, health-related quality of life) were ana-
lyzed in 24 out of 118 interventions.

Near transfer capacity was evaluated in most of the studies (109/
118) and far transfer capacity for cognitive and other health outcomes
was evaluated in 38/118 and in 13/118 interventions, respectively.
User-experience evaluation was performed in 29/118 interventions,
with the assessment of usability (15/118) or of hedonic aspects (e.g,
fun, enjoyment, immersion) performed in 21/118 interventions. Win/
lose condition was associated (rarely occurring) with the evaluation of
video game’s impact on other health outcomes (y&, = 18.18,
p < .001, Cramer’s V = 0.396). Also, win/lose condition was asso-
ciated (rarely occurring) with far transfer capacity to health outcomes
(x(zl) = 8.48, p = .004, Cramer’s V = 0.270). Finally, UX assessment

Table 3
Frequency of game-elements by cognitive outcomes (N entries = 118).

Game-elements Cognitive outcomes n (%)

Attention
(n=94)

Working memory
(n =54)

Inhibitory control
(n = 30)

Score system
Narrative context
Time pressure
Reward system

70 (76.1%)
70 (76.1%)
55 (59.8%)
33 (35.9%)

46 (85.2%)
36 (66.7%)
33 (61.1%)
25 (46.3%)

19 (65.5%)
20 (69.0%)
19 (65.5%)
10 (34.5%)

Win/lose 33 (35.9%) 22 (40.7%) 8 (27.6%)
Avatar/character 37 (40.2%) 21 (38.9%) 10 (34.5%)
Multiplayer 25 (27.2%) 10 (18.5%) 5 (17.2%)

**The association between each GE and each cognitive outcome was done by
cell (chi-square test for independence).

*** Cases where it was reported that this GE was not available/active during
intervention were not included.
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was associated (rarely occurring) with video games that present mul-
tiplayer component (y%, = 12.89, p < .001, Cramer’s V = 0.333).
Evaluation of hedonic aspects of UX was found to be associated with
multiplayer component (y7, = 8.55, p = .002, Cramer’s V = 0.271).
Usability evaluation was associated with all GE except for narrative
context (p-values between p < 0.001 and p = .027; Cramer’s V between
0.211 and 0.343). Overall, usability evaluation was rarely conducted.

4. Discussion

The aim of this study was to identify, integrate and report which GE
have been used in GBI for cognitive assessment, training or re-
habilitation. For this purpose, a systematic review of literature fol-
lowing PRISMA guidelines [20] was conducted. Ninety-one papers were
included in the qualitative synthesis, covering a total of 72 different
video games.

A significant difference between the number of GE described in the
studies included and those that actually compose video games was
found. The lack of a detailed description of the video games used
constitutes a serious methodological limitation which hinders the
analysis and interpretation of GBI results. To our knowledge, this is the
first review on GBI where the information extracted from the studies
included was compared to the description available in other sources of
public access. Despite unusual, the methodological decision to complete
data extraction with information gathered through less traditional
sources (webpages describing video games) enabled to uncover this
methodological shortcoming, thus contributing to future research and
data reporting on GBI

Score system was the most frequently used GE in CG and in video
games used for training and rehabilitation purposes. Similar findings
have been reported for digital learning environments [124] and health
and fitness apps [23]. Numeric feedback systems such as points, levels
and leaderboards are considered goal metrics, since they establish a
clear link between user’s effort and performance [125]. The assumption
that users highly value this element contributes to its widespread use
(for pointsification perspective review see [126]). However, that as-
sumption is not always verified [23]. In fact, implementation of tan-
gible and predictable rewards, such as those provided by score systems,
were previously associated with a decrease of free-choice behavior
[127] and considered by some as the less exciting and engaging feature
of video games [128].

However, since the motivational affordance [129] of each GE, as
well as how different GE interact to promote human behavior, is still to
determine, no elements should be dismissed at this point without a
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careful study of its impact. For instance, Mekler and colleagues [125]
showed that GE (i.e., points, leaderboards and levels) within the same
category (i.e., score system) can impact human behavior differentially.
By using an image annotation task where participants received 100
points for each tag created in a set of 15 abstract paintings, Mekler and
colleagues showed that participants who received points for each cre-
ated tag outperformed participants in the non-gamified version group
(no points assigned) but were outperformed by the participants allo-
cated to the group where points were used to classify participants in
relation with themselves (i.e., levels of difficult condition) or in relation
to other participants (ie., leaderboard condition) [125]. It is also
plausible to consider that score systems may undermine adherence if
associated with a progressive difficult-level system (i.e., getting more
points depends on individuals’ skills for playing the game) whereas that
is less the case if no individuals-skills improvement is required for
points-accumulation (namely, if a game narrative is associated).

Narrative context was the most used GE in AG and in video games
used for cognitive assessment. Unlike the other GE analyzed in this
study (e.g., score and reward systems and win/lose condition), narrative
context has no association with player’s performance [24]. This GE is
used primarily to contextualize and to add meaning to game’s main
activity, inspiring motivation and long-term willingness towards tasks
that may be perceived as boring and repetitive in its non-gamified
version [24]. Meaningful storylines, especially if in line with one’s
personal goals, may improve/maintain patients’ long-term motivation
and promote skills transference to other (real-life) contexts [130]. Al-
though no significant associations were found between narrative con-
text and purpose, utility or cognitive outcomes, the high frequency of
this GE is encouraging, because it suggests a concern for developing GBI
with meaningful game narratives that promote participants’ long-term
adherence.

The possibility to interact with other players is an attractive feature
of video games [131] since it provides an opportunity to learn and
develop meaningful relationships [132]. However, as our study re-
vealed, multiplayer component was the less used GE. This can be ex-
plained by the fact that interacting with other players also means to be
exposed to other’s judgment. Fear of failure and performance-related
frustration are two possible behavioral responses when competing or
collaborating with others [133]. Design and implementation com-
plexity, necessity to combine schedules, share game control and relying
on other’ players skills [134] may also contribute for the low usage of
this GE in cognitive therapeutic settings.

Attention, working memory and inhibitory control capacity are es-
sential components of cognitive control [28] and self-regulated beha-
vior [26]. Attention supports all processes involved in human thought
[28], and a non-adequate assessment of attentional deficits may result
in diagnostic errors and failure to prescribe suitable cognitive inter-
ventions [135]. Hereby, it was not surprising that attention was the
most frequently targeted outcome in the included studies, since it plays
such a central role in human cognition. Closely related to (and depen-
dent of) attentional resources, working memory capacity and inhibitory
control are essential cognitive components for fluid reasoning, com-
prehension and learning [28,136], as well as crucial skills for our ability
to function in the real world [137]. However, in our study no asso-
ciation was found between the assessment of attention, working
memory or inhibitory control and any of the GE, nor between the study
of those cognitive indicators and utility (assessment, training, re-
habilitation) or purpose (commercial/applied) of the game. The lack of
association between GE and the study of these cognitive functions may
be the result of the absence of a theoretical and empirical framework
that guides GE selection for the study of video games impact on human
health.

Game-based interventions seem to follow the trends of video games
industry. In our study, as in ESA annual report [138] computer was the
most popular gaming platform. On the other hand, touch-based devices
were the less used game platform being reported only in four studies.
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Touch-based devices, such as tablets, are particularly suitable in fragile
populations such as older adults [139,140]. Intuitive interfaces, direct
manipulation [141] and bigger screens (compared to smartphones) are
some of the features that contribute to technology adaptation by less
familiar users. However, none of the studies that used older adults as
participants reported tablets as game’s platform. Other market trend is
VR technology to develop video games. VR through high-detailed three
dimensional (3D) environments, and increasingly natural ways of in-
teract with it [142], promises to be a remarkable improvement in the
assessment of the capacity to perform daily living tasks (ecological
validity), compared with traditional neuropsychological tools (Sbor-
done, 1996 cit. by [143]). Taking this into account, it was not sur-
prisingly to find out that this component was primarily present in video
games used for assessment purposes, area in which diversity and
standardization of stimuli display, as well as performance measure-
ment, are fundamental requirements.

4.1. Limitations

The findings of this study should be interpreted in the context of
some limitations. First, the strategy used to identify additional journals
scoping serious games and games for health may have excluded studies
published in scientific journals in which these terms do not appear as
part of the title/abstract or scoping interests. Second, electronic data-
base selection may have unintentionally excluded work published in
conferences or other type of meetings (a popular path to publish work
in the engineering and computational science fields). A strong point,
nevertheless, regards the fact that the search strategy was based on
Cochrane’s guidelines for conducting Systematic Reviews of Literature
[144], such as consulting three different databases for locating papers,
using specialist databases, searching reference lists of the included
papers as well as reference lists of literature reviews identified during
screening process. Third, the additional web-based search may have
contributed to obtain more detailed descriptions of CG vs AG, since
more sources of information with detailed descriptions are available to
these video games than to AG. The absence of both a consensual GE
classification system and a clear definition of what is and is not a video
game introduced some degree of subjectivity in eligibility criteria and
data extraction. Such bias was minimized by carefully defining the
search protocol and by developing GE definitions based on the results
obtained in the narrative review, which underwent a process of active
discussion and reformulation, within the research team.

5. Conclusions

This study aimed to identify which GE have been used in GBI for
cognitive assessment, training or rehabilitation. Score system and nar-
rative context were the two most frequently used GE. However, the
development of GBI that are based on the implementation of numeric
feedback systems may jeopardize the main objective with which this
type of interventions has been used: promotion of intrinsic motivation
towards long-term goals. Moreover, the lack of any other significant
association between GE used and the targeted cognitive outcomes
emphasizes the necessity of defining a theoretical framework that
supports the strategic selection of GE according to patient/pathology
features, as well as according to the features of cognitive constructs that
are targeted by specific game-based intervention.
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