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ABSTRACT
Over the past 20 years, the proposal that immersive media, such as video games, can be leveraged
to enhance brain plasticity and learning has been put to the test. This expanding literature high-
lights the extraordinary power of video games as a potential medium to train brain functions, but
also the remaining challenges that must be addressed in developing games that truly deliver in
terms of learning objectives. Such challenges include the need to: (1) Maintain high motivation
given that learning typically requires long-term training regimens, (2) Ensure that the content or
skills to be learned are indeed mastered in the face of many possible distractions, and (3) Produce
knowledge transfer beyond the proximal learning objectives. Game design elements that have
been proposed to support these learning objectives are reviewed, along with the underlying psy-
chological constructs that these elements rest upon. A discussion of potential pitfalls is also
included, as well as possible paths forward to consistently ensure impact.

Over the past four decades, video games have taken their
place amongst, or even surpassed, older forms of media
such as television and movies, as a medium of choice to
deliver immersive and captivating experiences. And as was
the case with these previous forms of media, as the commer-
cial entertainment market for video games grew (Mares &
Pan, 2013), so too did interest in the potential use of video
games as learning tools (Carter et al., 2014; Gee, 2003;
Greenfield, 1994).

Indeed, well-designed video games inherently instantiate
a host of known principles of effective pedagogy, including
encouraging practice that is distributed across time (Gentile
& Gentile, 2008), providing experiences that are appropri-
ately structured in difficulty and scaffolded (Bjork & Bjork,
2011; Mayer, 2020), and requiring learning to mastery (Gee,
2005). In turn, this has led to the optimistic view that this
immersive media can be purposefully leveraged to promote
learning (Connolly et al., 2012; de Freitas, 2018; Gentile &
Gentile, 2008; Rebetez & Betrancourt, 2007). To this end,
researchers and educators have explored the possibility both
of repurposing commercial, off-the-shelf games that were
initially intended for entertainment (e.g., Minecraft
Education; Kuhn, 2018) and of designing games from
scratch specifically for education and training (Adams et al.,
2016). The specific learning objectives tackled in this
domain have been exceptionally broad. Indeed, considering
only work in more applied spaces, these include an incred-
ibly wide range of goals situated in education (e.g., teaching
basic facts, or skills such as in mathematics), to athletics, to

a host of job- and/or day-to-day skills (e.g., performing
endoscopic surgery, flying planes or drones, driving, etc.;
Ferraro et al., 2022; Gupta et al., 2021; McKinley et al.,
2011). Accordingly, a host of different labels for this over-
arching practice have flourished – entertainment education,
edutainment, game-based learning, digital game-based learn-
ing, and cognitive training (see Breuer & Bente, 2010, for a
review). However, they all share, at their core, an interest in
using video games for educational or learning purposes
(Gee, 2004).

And while the empirical results seen to date provide a
great deal of optimism with respect to using games for these
ends, one global insight that has been seen repeatedly across
this rich literature is that the path to using video games as
learning vehicles has perhaps not been as smooth as origin-
ally envisioned (Mayer, 2016). For instance, challenges have
often been faced when attempting to keep the beneficial
characteristics of commercial video games present, while at
the same time shifting from content focused purely on
entertainment (whether fighting monsters, exploring new
worlds, or role-playing as powerful and dynamic characters)
to that focused on more real-world learning applications
(e.g., learning how to read or how to operate a plane).
Furthermore, while commercial video games reliably instan-
tiate many characteristics of effective learning, video games
also often contain characteristics that are less virtuous in the
face of specific focused learning goals, as design elements
commonly used in commercial video games to produce
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engagement and motivation can potentially also distract the
learner away from the learning objectives.

This article discusses three main issues in the use of
video games as learning tools. The first challenge is the need
to design video games to not only promote initial interest in
the learning topic, but also to keep the learner motivated
long enough to deliver adequate time on task for learning to
occur. Ensuring that learners continue to come back and
engage attentively with the learning paradigm is central to
all real-world learning objectives, from students in a class-
room, to young adults training for the workforce, to older
adults keen to learn a new skill, or to those recovering from
an injury. After all, perhaps the most commonly replicated
principle of learning is the “Total Time Hypothesis” origin-
ally put forward by Hermann Ebbinghaus (1885), which
states quite simply that greater amounts of time spent learn-
ing results in greater amounts of learning and retention of
material. This still holds true today. Given this first need, a
key question is how to develop video games that support
time on task and foster motivation to engage with the video
game long enough for the planned learning outcomes to be
mastered (van Gog, 2013). Just as has been found with older
forms of media, how to accomplish this in the context of
material that individuals might not have strong internal
motivation to consume is no short order (e.g., in the same
way that there are almost certainly far more individuals will-
ing to watch The Lord of the Rings trilogy, which lasts over
11 h all told, than there are individuals willing to watch over
11 h of educational videos focused on cell organelles or
other academic content). Arguably though, video games
have a leg up with respect to producing long-term motiv-
ation over older forms of media or of instruction, a point
that will be considered in the context of major theories such
as Self-Determination Theory (Deci et al., 1999; Rigby &
Ryan, 2011; Ryan & Deci, 2000) and Expectancy-Value
Theory (Wigfield et al., 2010; Wigfield & Eccles, 2000).

A second challenge concerns the importance of attaining
learning objectives by aligning learners’ attention with
desired learning outcomes (whether those are related to spe-
cific knowledge or more general skills). It is here that video
games can be a double-edged sword. Commercial video
games can be exceedingly immersive and engaging in part
because their learning goals are reasonably unconstrained
(i.e., the only real “learning goals” are to learn the game,
become immersed in the fiction/narrative of the designer,
etc.) As a result, they need not worry about whether the
tools they use to promote immersion and engagement at the
same time direct attention away from some to-be-learned
information. This is obviously not true in the case of games
for impact, where the learning goals typically come first,
with the game then being constructed to hit those goals.
Here, unless the immersion and engagement are naturally
aligned with the learning objectives, they may hinder, rather
than help learning outcomes (Sweller et al., 2019). It will
thus be necessary to consider work on multimedia education
in order to examine how such alignment can be done effect-
ively, as well as the flip side, of where certain techniques
end up being counter-productive with respect to learning.

Finally, the third challenge lies in training for transfer.
Although there is certainly a strong degree of truth to the
old adage “practice makes perfect” (or “permanent” depend-
ing on your disposition), when it comes to real-world utility,
that is often insufficient. This is due to what has been
dubbed “the curse of specificity” (Bavelier et al., 2012;
Deveau et al., 2014). In essence, while individuals nearly
always improve on the exact task upon which they are
trained, they frequently fail to show generalization of these
improvements to even seemingly similar new untrained
tasks. The “curse” reflects, here, the fact that in the real-
world, knowledge or skills frequently need to be brought to
bear in contexts that are different from that of the original
learning context. This is true whether in education (e.g., it
does children limited good if they can solve mathematics
equations of the form 3þ 5 ¼ ___, but then cannot solve an
equation of the form ___¼ 3þ 5; McNeil & Alibali, 2005),
perception (e.g., it does an elderly individual limited good if
they can detect only one particular peripheral shape on a lab
computer and can’t detect a car approaching from the left at
an intersection; Huxlin et al., 2009), or cognition (e.g., it
does an individual with a traumatic brain injury limited
good if they increase their ability to remember sequences of
letters displayed one after another on a tablet, but can’t
recall items to get at the grocery store; Kramer et al., 2004).
While the past decade has seen an explosion of work
focused on methods to produce greater generalization of
learning, one promising avenue has involved the use of a
particular type of video game (action video games). In a
third and last section, the growing literature on action video
games is reviewed, focusing on the type of generalization
that is observed and the mechanics inherent in those games
(but not all games) that may make such generaliza-
tion possible.

1. Challenge ONE—Delivering time on task

1.1. Why is time on task needed?

To attain levels of meaningful and practical gains, most
training regimens call for at least tens of hours of training.
In short, a certain time on task is required to induce persist-
ent changes in behavior (Luis-Ruiz et al., 2020; MacLean
et al., 2010; Scionti et al., 2020). For example, in cognitive
training intervention studies, researchers have frequently
assigned their participants to train for several sessions per
week, each lasting about 20–60min (Jaeggi et al., 2008;
Loosli et al., 2012), for a total of tens to even hundreds of
sessions over weeks to months (Schmiedek et al., 2010).
Research in this space has found that extended lengths of
time may be necessary to observe the intended long-lasting
effects of training. For example, a recent meta-analysis
examining research on the use of video games to improve
cognitive skills showed a dose-response curve with increased
impact as training durations increased from 8 to 20 h of
video game play (Bediou et al., 2018).

Moreover, researchers have found that an extended
length of time is necessary to observe the intended long-last-
ing effects of training and reach expert levels of performance
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(Ericsson, 2006; Ericsson & Harwell, 2019). No matter what
field (e.g., sports or music or math), the amount of time an
individual has spent practicing during their lifetime contrib-
utes a significant portion (18–25%) of the variance in per-
formance level (Macnamara et al., 2016; Macnamara &
Maitra, 2019).

Given the substantial body of evidence indicating that the
longer time a learner spends in training, the greater the
learning gains, a practical challenge in designing video
games for impact is for the video game to induce enough
motivation to guarantee time on task for that duration.
Simple novelty can be sufficient to promote initial engage-
ment for a few minutes, and possibly a few hours. This is
true whether it’s a new exercise program, a language learn-
ing app, or a video game. However, maintaining this motiv-
ation after the novelty period has worn off is sometimes a
taller order. Thus, a key design challenge for any learning
experience is to ensure that the learner will be motivated to
engage in training for a significant amount of time (Mayer,
2016; Takacs & Kassai, 2019; van Gog, 2013).

In the case of video games, here it is important to note
some distinctions between commercial video games and
games for impact. It is very clear that commercial video
games designed for entertainment already provide this
motivation, given the astounding number of hours of video
games played worldwide. However, this may not be true of
games designed for learning. First, commercially available
video games are designed with a much higher budget than
games for impact, and thus have the means to deliver an
enticing experience for hundreds of hours or more. Second,
the range of commercially available video games is extremely
diverse, allowing each player autonomy of choice in which
games to play; in contrast, games for impact are typically
assigned to the learner. Third, commercial video games are
often designed to evolve over time with changes in rules,
graphic style, or narrative from one version to another. Such
variability is appealing and motivating to players to engage
in game play. Most games for impact lack these key compo-
nents. Accordingly, some video game training studies report
that participants have difficulty in complying with demand-
ing training schedule (even with extrinsically motivating fac-
tors, such as monetary compensation), leading to dropout
rates as high as 25–30% (Chooi & Thompson, 2012; Jaeggi
et al., 2014; Redick et al., 2013).

Another motivating factor to consider is the content
delivered within the game or the difficulty at which it is
played. High dropout rates can occur if the learning experi-
ence the game delivers is not properly matched to the profi-
ciency level of the trainee. For example, Boot and colleagues
(2013) showed that a commercially available action video
game, which was predicted to have a high cognitive benefit
based on previous studies on young adults, induced the low-
est levels of improvement and, critically, of compliance
among older adults. The chosen game was just too difficult
for older adults, in violation of a key notion in the field of
learning – that of keeping the trainee in their zone of prox-
imal development (Vygotsky, 1978).

Thus, design efforts should focus on understanding what
factors influence trainees’ motivation to spend time on task
and complete their assigned video game training. Some of
these factors may be rather fixed, such as participants’ age,
personality traits, or familiarity with video games, while
others may be more plastic, such as susceptibility to reward
or incentivization through personalization (Jaeggi et al.,
2014; Katz et al., 2014; for a meta-analysis, see Traut et al.,
2021). A key design question then becomes how can video
games enhance motivation for the play experience? To this
end, the literature on motivation and video games is first
briefly reviewed before design components likely to enhance
motivation to play are considered.

1.2. Motivation theories and their explanatory power
for understanding time on task

There is abundant evidence that motivation can significantly
influence in-game experiences (Malone, 1981), and con-
versely, that in-game experiences can affect motivation to
play. In this regard, this chapter will focus only on two
major theories of motivation, Self-Determination Theory –
SDT (Deci et al., 1999; Rigby & Ryan, 2011; Ryan & Deci,
2000) and Expectancy-Value Theory – EVT (Wigfield et al.,
2010; Wigfield & Eccles, 2000). In SDT, motivation arises
from three basic psychological needs being fulfilled: compe-
tence, autonomy, and relatedness (Vansteenkiste et al.,
2020). The sense of competence refers to the need to per-
ceive oneself as effective and able within a given context
(Van den Broeck et al., 2016). Completing challenging tasks
and feeling able to master them are core parts of this need.
Competence alone, though, will not increase intrinsic motiv-
ation unless it is paired with a sense of autonomy. The need
for autonomy regards the sense of choice, or the need to
have and maintain control over one’s life (Yu et al., 2018).
To meet this need, it is important that players are able to
choose among several courses of action and sense that the
choice they make is related to their own goals and attitudes
(e.g., task meaningfulness; Ariely, 2016). Thus, positive feed-
back, if seen as controlling, can adversely impact people’s
intrinsic motivation for self-direction, calling for a nuanced
use of feedback. Finally, relatedness, or one’s feelings of
belonging to a group of significant others, can be fulfilled
through interacting or connecting with others (whether real
or within a video game). SDT researchers have observed
that these three components within a video game can affect
the willingness of players to continue playing and the likeli-
hood of returning in the future (Mills et al., 2018; Possler
et al., 2020; Ryan et al., 2006), which in turn will impact
intrinsically-regulated motivation (Przybylski et al., 2010;
Ryan & Deci, 2000).

In EVT, expectations of success and subjective task value
are two of the most immediate predictors of achievement
behavior such as effort, performance, choice, and persist-
ence. Expectancy of success refers to the learners’ beliefs of
whether they will be capable of succeeding at a task. Note
that expectancy for success is closely associated with the
concept of self-efficacy, which is defined as one’s confidence
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in being able to complete a task, derived from social cogni-
tive theory (Bandura, 1986), as well as that of competence
from SDT cited above. EVT researchers and game designers
have successfully applied this theoretical framework to ana-
lyze how various cognitive, affective, and social factors dur-
ing game play influence users’ expectations of success,
competence, or task values, which, in turn, affect their
behaviors and motivations (Chen et al., 2013; Rachmatullah
et al., 2021; Turkay et al., 2014).

Consistent with the importance of competence/expectan-
cies of success in theories of motivation, learners show
higher motivation to pursue objectives when they expect to
quickly develop the competence necessary to succeed at a
given task. For example, Cochrane, Anthony, Balweg, Klaas,
and Green (submitted) have shown that the perceived rate
of change in competence in the context of cognitive training
is a stronger predictor of motivated effort than the overall
level of competence. In particular, users stayed in a task lon-
ger when they were provided feedback that they were rap-
idly improving than when they were given feedback that
they are good, but not getting any better, at the task.
Conversely, competence frustration, or the lack of success in
developing competence, is often accompanied by negative
outcomes such as disengagement from interventions and
higher drop-out rates (Earl et al., 2017). Interestingly, earlier
frustration can also serve as motivation for future tasks. In
Fang et al.’s (2018) study, competence-frustrated trainees
exhibited increased intrinsic motivation for a subsequent
task that offered them a taste of competence. These results
are in line with SDT and previous research that showed par-
ticipants who reported autonomy frustration and/or related-
ness frustration during an initial task put forth more effort
and performed better in a subsequent task if that task
offered them the chance to restore their undermined auton-
omy (Radel et al., 2011, 2014) or to feel socially accepted
(DeWall et al., 2008), respectively. This may explain the suc-
cess of video games which alternate between game play peri-
ods where difficulty accelerates and other periods which
rather allow the player to fulfill their sense of competence.
For example, in linear video games, “boss fights” (i.e., where
a player must fight a particularly difficult enemy and thus
are likely to fail multiple times before succeeding) are often
followed by game sections containing mostly easy-to-defeat
enemies. Similarly, in more open-world, such boss fights are
often followed by new parts of the map being opened up
that can be explored.

1.3. Game design components to deliver time on task

As motivation is an important factor for driving time on
task in video games for impact, game designers can take
advantage of some game components to support motiv-
ation. Among these are feedback, clear goals, avatars, per-
ceptual choice points to cite a few. The list presented is
not exhaustive and rather the interested reader is directed
to the more extensive body of work existing on this topic
(Bormann & Greitemeyer, 2015; Groening & Binnewies,

2021; Mekler et al., 2017; Sailer et al., 2017; Xi &
Hamari, 2019).

1.3.1. Feedback
Numerous authors have proposed that the sense of compe-
tence can be addressed by using informative feedback such
as points, badges, or leaderboards (Hense et al., 2014; Rigby
& Ryan, 2011; Sailer et al., 2017). With points, players can
receive instantaneous feedback at the time of their actions.
Badges and leaderboards serve as a means of providing feed-
back in a more cumulative fashion over time. In addition,
performance graphs allow players to visualize their progress
throughout each game, thus providing a sense of continuous
feedback (note here the deliberate use of “feedback” versus
reward; it is unclear whether individuals feel “rewarded” by
arbitrary items such as badges, but these should provide a
sense of competence). These three different types of feed-
back differ in terms of the timescale at which they inform
the player of their game performance. Whether providing
feedback at different timescales heightens intrinsic motiv-
ation remains largely unknown. Future research should
evaluate the impact of such time-layered feedback on intrin-
sic motivation.

Among these three types of feedback, the most studied
are visual representations of advancement (e.g., progress
bars) that allow players to know how close they are to com-
pleting the assigned task/quest (Sailer et al., 2013, 2017).
The closer a player is to completing a task/quest/level, the
faster they work towards reaching it (Madigan, 2015; Yan
et al., 2011). Not only do visual representations of advance-
ment provide immediate feedback about the player’s compe-
tence, but these representations can also influence the
probability that the player comes back to play. For instance,
artificially advancing players in a game makes them believe
they already made progress. As a result, they are more likely
to invest the time and effort needed to complete a task, a
phenomenon termed “endowed progress effect” by Nunes
and Dreze (2006). However, the effect of progress indicators
depends on the length of a task; if the task is lengthy, the
presence of a progress bar can cause quitting (Yan
et al., 2011).

In addition, games that provide social feedback are posi-
tively associated with feelings of relatedness (Rogers, 2017).
For instance, playing a video game with another person can
enhance feelings of relatedness, as Tamborini et al. (2010)
and Ryan et al. (Ryan et al., 2006) showed. The same applies
to games involving online multiplayer as well as human
cooperators.

1.3.2. Clear goals
Boosting competence by inducing a sense of progress in the
player can be achieved not only through feedback, but also
through clear goal setting. As with feedback, breaking down
goals to smaller chunks provides a player feedback on their
progress at a higher pace, while regulating their effort
toward distant goals (Baumeister & Vohs, 2007). For
example, many games, particularly those of the role-playing
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variety, show players the full “skill tree” from the very
beginning of the game (this is where players allocate points
that they have gained via their in-game experience in order
to increase certain character abilities). Critically, these skill
trees always progress in steps. The player must allocate
points to the first point in a branch (e.g., “skill 1A”), before
they can allocate points to skills further down the branch
(e.g., skills 1B, 1C, 1D… ). This, thus, very naturally gives
the player very manageable proximal goals (i.e., to move up
to the next skill level along a branch), as well as long-term
goals (gain the maximum level of skill along the branch).
Here it is worth noting that because such trees often contain
more branches than the player could conceivably traverse in
a single game play through, these also should promote feel-
ings of autonomy, as players choose for themselves which
skills to attain (i.e., one player may choose to increase their
magical abilities, while another may choose to increase their
fighting skills).

1.3.3. Align challenge with competence
In addition to goals being clear, a key game design issue is
to design goals that are challenging, but yet manageable to
induce a sense of competence. Indeed, a main achievement
of the video games industry is arguably to deliver experien-
ces that constantly keep the player in their zone of proximal
development. While this is known as a critical feature of
learning since Vygotsky (1978), the robust implementation
of this well-accepted learning concept is frequently unmet,
whether in the field of education or that of sports/music
training, or that of health rehabilitation. Commercial video
games meanwhile are able to reliably provide a method for
keeping players in their zone of proximal development. This
is done not only by clear scaffolded goals with rich feedback,
but increasingly games adapt on the fly to the performance
of the player, reducing difficulty when players struggle and
increasing difficulty when players appear to be progressing
too easily. Accordingly, the provision of positive feedback,
together with the opportunity of acquiring new skills
through skill-graded goals, produces a sense of self-efficacy
and self-validation in the experience (Przybylski et al., 2010).
As quests become more challenging, easier quests can also
be introduced to release the tension and allow for periods of
restoration of the feeling of competence. Together, these
aspects create a cycle of progression in which players thrive
to improve their abilities and skills in order to complete
more challenging quests, while also remaining confident as
they complete easier tasks.

1.3.4. Avatars
Avatars have been proposed to fulfill several motivational
needs. By letting players view and refer to virtual representa-
tions of themselves, avatars may increase the sense of com-
petence in one’s skills (i.e., seeing one’s avatar become more
skillful in turn makes the players themselves feel more skill-
ful; Xi & Hamari, 2019). Avatars are also relevant to the
need for autonomy as they provide players with perceived
freedom of decision (Peng et al., 2012). For example, in

EverQuest (Sony Online Entertainment, 1999), players cus-
tomize a character for their gameplay, providing an oppor-
tunity for gamers to autonomously experiment with their
own identity in a safe environment. Recently, Livingston
et al. (2014) investigated how experienced players value their
avatars in World of Warcraft (Blizzard Entertainment,
2004). Players reported that they found value in designing,
creating, and purchasing clothing and apparel items for
game characters, as well as their representations of relation-
ships, facilitating social and verbal interactions to promote
social value. Promoting social relatedness in this way is
another path to heightened motivation. This is also what
massively multiplayer online games (MMOs) try to achieve
through the “multiple-players” component, which allows the
concurrent inclusion of large numbers of gamers. As a
result, participants will organize in teams, collaborating
within teams and competing across teams, creating a sense
of belonging (Adams et al., 2019). A specific subgenre of
MMOs, massively multiplayer online role-playing games
(MMORPG), expand on this format of play with the intro-
duction of role-playing characteristics through the creation
of an avatar for each player (Cole & Griffiths, 2007; Raith
et al., 2021). In sum, providing opportunities for players to
develop and build relationships through their avatars or
otherwise appears to increase players’ motivation to con-
tinue playing.

1.3.5. Perceived choice points
Autonomy can be enhanced not only by giving the possibil-
ity to the player of personalizing their avatar, but by letting
the player select tasks, movements, and/or rewards as the
game play unfolds. Indeed, in terms of autonomy satisfac-
tion, the games that are most effective seem to be the ones
that allow players to make their own choices in the way
they navigate the game. For example, open-world games
such as Red Dead Redemption (Rockstar Games, 2010)
boost player’s sense of autonomy by providing choices on
everything from which side quests to pursue, to how to
spend resources, to how to complete various missions (i.e.,
there isn’t a single way to complete a mission, instead play-
ers can choose for themselves how to meet the goals). A
note of caution when designing choice points may be war-
ranted though; research on decision making suggests that
having too many choices may be counterproductive. Players
are likely to suffer from biases such as the need to keep pos-
sible options always open, which in turn can induce
unwanted cognitive and emotional load (for a review of
biases to avoid in decision making see Ariely &
Jones, 2008).

Another choice point that can be used for motivation is
one in which the consequences are largely unknown at the
time of the decision (usually under a time frame that feels
short). This concept has been called “psychological reac-
tance” (Brehm, 1966) and is defined as “the motivational
state that is hypothesized to occur when a freedom is elimi-
nated or threatened with elimination” (Brehm & Brehm,
1981, p. 37). For example, The Walking Dead game (Telltale
Games) forces the players to quickly decide whether to help
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another survivor in the zombie apocalypse. As the player
cannot know whether this survivor will become an enemy
or not, such a high uncertainty decision induces a motiv-
ational state that differs from the typical motivation associ-
ated with informed choice. Psychological reactance could
also be evoked when deciding which factions to join in
games such as Skyrim, Fallout, or Halo Infinite. Of note,
decision making under high uncertainty is perceived as
stressful and unpleasant, a phenomenon exacerbated in gen-
eral anxiety disorder (Tanovic et al., 2018). Thus, psycho-
logical reactance as a game mechanic should be used
with caution. In environments in which most decisions are
associated with a sense of control, occasionally forcing a
high-uncertainty decision may, through arousal, augment
motivation, but this should not be overdone.

1.3.6. Story-telling
Stories that offer a shared, meaningful role to the players
can also be used to fulfil the player’s need for relatedness
(Bormann & Greitemeyer, 2015; Rigby & Ryan, 2011; Sailer
et al., 2013). Together with teammates, who can be real co-
players or non-player characters, a sense of relatedness can
be evoked by emphasizing the importance of the players’
actions for the group’s performance (Rigby & Ryan, 2011).
Indeed, a shared goal, which can be conveyed within a
meaningful story, can foster experiences of social relatedness
(Sailer et al., 2013). Stories may add to presence by linking
the player to other agents, whether a team of players (as in
multiplayer games) or fictional ones such as AI designed
companions (Baylor, 2009).

Games for impact are arguably challenging to design
because they not only need to deliver time on task and thus
foster motivation, but also need to remain cognizant of the
very learning objectives and how these can be seamlessly
integrated in the game play. This second challenge is
addressed below.

2. Challenge TWO: Attaining learning objectives
while playing a video game

2.1. Mastering content or skills while being immersed in
a rich, full of distractions video game world

While designing an experience in such a way as to keep
players motivated is a necessary ingredient in producing the
necessary time on task for a game for impact, it is not
remotely sufficient. Indeed, video games have long been
hailed for not only initially capturing, but also maintaining,
attention within the game, naturally delivering the kind of
engagement that any long-term learning activity calls for
(Linnenbrink-Garcia et al., 2016). However, engagement can
both help and hinder learning, depending on whether it is
directed towards the to-be-learned aspects of the task or to
other irrelevant aspects. The “seductive detail effect” refers
to when the learner’s attention is directed towards interest-
ing, but irrelevant features, in turn detracting the trainee
from the learning goals in the game (for a meta-analysis, see
Sundararajan & Adesope, 2020). These features may include

irrelevant stimuli, such as pictures or a narrative, or even
other game features, such as feedback on learning-irrelevant
goals (Katz et al., 2014). For instance, if the primary to-be-
learned information are mathematical abilities, the presence
of “side quests” to collect golden rings may produce engage-
ment (in those players who enjoy collecting rings and seek
out the opportunity to do so) while simultaneously imped-
ing learning (in that the side quests are detracting from
engagement with the main learning topic; Logan &
Woodland, 2015).

Such situations, where game mechanics meant to produce
excitement/motivation at the same time direct attention
away from to-be-learned material, may partially explain why
many games have failed to provide positive results. As noted
by O’Neil and Perez (2008): “While the effectiveness of
game environments can be documented in terms of intensity
and longevity of engagement [… ] as well as the commercial
success of games, there is much less solid empirical informa-
tion about what outcomes are systematically achieved [… ]
and there is almost no guidance for game designers and
developers on how to design games that facilitate learning”
(p. ix). It is, thus, critical to align engagement with the skills
and/or content to be learned, while limiting the allocation of
cognitive or emotional resources to task-irrelevant or dis-
tracting information (Blumberg, 2014; Gentile & Gentile,
2008; Rosser et al., 2007).

The next sections consider the current state of knowledge
in cognitive and affective science as to how attention, cogni-
tion, and emotion affect learning, followed by an analysis of
the game components that can be used to align such control
mechanisms with learning objectives.

2.2. Impact of attention, cognition and emotion control
on learning

Research on human information processing has demon-
strated a host of significant bottlenecks. Some of these bot-
tlenecks are simply with respect to our ability to extract
information from the environment (e.g., our sensory systems
have physical constraints in terms of how much information
from the outside world can be transduced into electrical
activity over a given period of time. But the more severe
forms of bottlenecks are at higher stages of the processing
stream (i.e., in terms of how much information we can sim-
ultaneously make use of to guide planning or reasoning;
Norman & Bobrow, 1975). And indeed, it is these latter
types of bottlenecks that likely set upper bounds on learning
(e.g., if the information stream of to-be-learned material
exceeds attentional or working memory capacity). This in
turn highlights the importance of ensuring that instructional
experiences to properly consider resource use – e.g., distri-
bution of attention and the level of cognitive or emotional
load experienced (Sweller et al., 2019).

2.2.1. Attention
Our understanding of the factors by which the distribution
of attention can be manipulated has been traditionally
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informed by cognitive science and visual science
(Goldhaber, 1997). Briefly, cognitive and vision sciences
indicate a range of visual features that will tend to automat-
ically capture attention. According to various studies (e.g.,
Eimer et al., 2009; Folk et al., 1992), attentional capture is
dependent on search goals as salient stimuli tend to capture
attention involuntarily when they match the searched-for
target characteristic. For instance, it is well established that
abrupt visual onsets (whether in the form of an item sud-
denly appearing where none was before or in the form of
sudden changes in basic visual feature like color, form, or
orientation) are effective in capturing attention, as compared
to similarly salient, but static, differences in brightness and
color (Cole et al., 2009; Theeuwes, 1991; Turatto & Galfano,
2000; Yantis & Jonides, 1984). Luminance changes in par-
ticular show unique attentional prioritization in perceptually
complex scenes (Yantis & Jonides, 1984), as do changes in
direction of motion (Howard & Holcombe, 2010).
Furthermore, non-salient stimuli that have been previously
associated with reward also automatically capture attention,
an effect that is quite persistent over time (Anderson et al.,
2011; Anderson & Kim, 2019; Anderson & Yantis, 2013),
calling for caution when using badges or scoreboards.
Crucially, these stimuli have the capability to automatically
capture attention, even when unrelated to a given task,
effectively acting as potent distractors (Jonides & Yantis,
1988; Theeuwes, 1993). Indeed, because learning typically
requires that attention be directed to the to-be-learned skills
or content, the use of features that direct attention away
from those skills/content will largely serve to
inhibit learning.

2.2.2. Cognitive load
Not only is the use of features that direct the learner’s atten-
tion to irrelevant stimuli problematic because it reduces the
extent to which attention is paid to relevant stimuli, such
features also represent undue cognitive load. In short, cogni-
tive load refers to the amount of cognitive control resources
a task calls for. Cognitive load is greater in tasks that require
more information to be held in working memory, involve
more demanding memory retrieval, or necessitate more
complex memory content manipulation. These demands,
particularly when accumulated via multiple sources of dis-
traction, can lead to cognitive overload. As demonstrated by
Lavie’s theory of load, under high cognitive load, distracting
items more easily gain access to deeper levels of processing,
becoming in effect even more distracting (Lavie, 2010;
Watson et al., 2019). The neural bases of such cognitive
control have been ascribed to the fronto-parietal control net-
work and in particular to the control exerted by the dorso-
lateral prefontal cortex on both perceptual information
processing and memory retrieval. Accordingly, such frontal
control is seen as central during the early stages of learning;
whereby, in the later stages of automatization more subcor-
tical structures such as the basal ganglia becomes more
prominent, at least during skill learning.

Cognitive theories in instructional design also highlight
the importance of cognitive load in learning. Sweller’s

cognitive load theory (1988) and Mayer’s cognitive theory of
multimedia learning (Mayer, 2017; Moreno & Mayer, 2007)
assume learners can only keep a limited amount of data in
working memory at a given time. Cognitive overload occurs
when too much information, whether relevant or irrelevant,
is simultaneously processed by the learner at once. Sweller
et al. (2019) categorized cognitive load into three categories:
intrinsic, extraneous, and germane. Intrinsic load is the cog-
nitive demand inherent in the task itself that depends on the
level of complexity of the learning materials (Nelson &
Erlandson, 2008). Extraneous cognitive load refers to the
cognitive demands wasted on processing irrelevant or extra-
neous information presented alongside the relevant material.
Finally, developing mental models to understand informa-
tion and automate skills constitutes the germane cognitive
load, or in other words, the overarching goal of instruction.
Germane load can be optimized by matching the material’s
level of complexity to the learner’s zone of proximal devel-
opment and reducing the extraneous load through optimal
design. However, task features are not the only contributing
factors to a learner’s cognitive load; the learner’s prior
knowledge and internal states, such as arousal also play a
role in a learner’s cognitive load. Galy et al. (2012) showed
that subject-specific characteristics, such as alertness, lighten
cognitive load in addition to task-related features. Similarly,
arousal levels diminish the amount of cognitive resources
learners need to process items immediately upon recall
(Fabbri et al., 2008; M�elan et al., 2007). While these studies
suggest that increased cognitive load may lead to detriments
in learning, cognitive load that is too low is also not ideal.
Jackson et al. (2014) found that low levels of cognitive load
and the absence of arousal had a detrimental effect on prac-
tice-related improvements in inhibitory control, short-term
memory, metacognitive monitoring and decision-making.
Thus, like attention, cognitive load must be manipulated in
a tightly controlled way so as to sustain optimal levels
of learning.

2.2.3. Emotion
Not only can emotional content capture attention such as in
the scream illustration, but the affective state of the learner
can also alter perceived task load, and thus in turn learning
(Chamberland et al., 2015). The affective mediation assump-
tion of Moreno’s Cognitive-Affective Theory of Learning
with Media (CATLM; Moreno, 2006) posits that emotional
factors may mediate the cognitive engagement of the learner,
ultimately leading to an increase in learning. Indeed, rich
affective-based interactions within video games can enhance
players’ experience by directing their attention to the to-be-
learned materials (Boyle et al., 2012, 2016; Mcquiggan et al.,
2010). Through mechanisms such as mood-dependent or
mood-congruent processing, emotion can enhance (or
diminish) cognitive resources such as working memory
(Curci et al., 2013; Levens & Phelps, 2008; Plancher et al.,
2019). More generally, several studies suggest that positive
emotions (e.g., enjoyment, hope, and satisfaction) can lead
to higher levels of behavioral and cognitive engagement
enhancing learners’ capability for learning and integrating
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new information (Ben-Eliyahu & Linnenbrink-Garcia, 2013;
Nye et al., 2021; Schunk & DiBenedetto, 2020). According
to Um et al. (2012), multimedia learning environments can
induce positive emotions in learners, which can create posi-
tive feelings that facilitate learning on both a comprehension
and transfer level. Negative emotions are usually associated
with lower academic performance as well as lower behav-
ioral and cognitive engagement. For example, boredom is an
important indicator of detachment from the task at hand
(Buday et al., 2012; Sharek & Wiebe, 2014). Capitalizing on
the attention they summon, there have been attempts to
harness negative emotions, like fear, in some serious games
to enhance safety training (Mitsuhara et al., 2017; Reiners
et al., 2014). While it is well documented that fear automat-
ically attracts attention, it can also act as the focal point of
memory, preventing processing or consolidation of other
information not related to the fearful experience.

As with other means of capturing attention and engage-
ment, in order to be effective, emotion-inducing events
should be coherent with where and when the player’s atten-
tion should be allocated given the specific learning objec-
tives. Indeed, researchers investigating the impact of
seductive details in learning have noted a delicate balance
between the emotional benefits and the cognitive disadvan-
tages these may have on learning, calling for caution in
emotional design in multimedia learning (Rey, 2014). In
sum, while increasing attention and engagement may very
well support learning, when directed inappropriately, it is
more likely to distract from it. Thus, it is not sufficient for a
video game to merely be engaging if its goal is to enhance
learning. A main concern should be how to best manipulate
attention and cognitive load through game design to facili-
tate the desired learning outcomes.

2.3. Game design components to align attention and
learning objectives

A key question then is how to effectively design video games
to align the learner’s attention and cognitive load to the
stated learning objectives. The following sections discuss
game components that can be manipulated to attain learning
objectives (Hodent, 2017; Weitze, 2014).

2.3.1. Game components that direct attention to the to-
be-learned material
Video games provide a rich experience both in terms of
stimulating different sensory modalities, tapping a variety of
cognitive processes, and memory storage. A first challenge is
for the game play to properly direct attention to combining
multiple modalities and sources of information in a trans-
parent fashion, so as to not distract learning.

Visual or auditory cues, if correctly designed, can reduce
extraneous processing by drawing learners’ attention to key
elements and their interconnections (Castro-Alonso et al.,
2021; Nelson & Kim, 2020; Van Gog, 2014). For example,
Nelson et al. (2014) showed that students who completed an
assessment game module with visual cues towards the

important information reported less perceived cognitive load
and higher assessment efficiency than those who completed
it without visual cues. In commercial video games, changes
of physical properties (particularly color and luminance)
have been effectively used to build a clear hierarchy of the
elements that should be attended. In action video games, for
instance, attentional priority is often to enemies/sources of
danger first, then interactive objects, and finally background
elements. Changes in visual features such as color or lumi-
nance can give players hints of what they should do: where
to go, who to attack, and what to collect (see, for an
example, Bullet Echo, ZeptoLab, 2020). In addition, design-
ers should tune the number of details to make sure that the
most relevant parts of a game in terms of learning objectives
are the easiest to process. For example, Journey
(Thatgamecompany, 2012) is an elegant minimalistic game
that employs areas of rest and areas of high detail, creating
contrast and highlighting the importance of certain elements
over others. Thus, whenever possible, designers should bring
focus to the more learning-relevant details and eliminate
details that distract away from the learning objectives
(Castro-Alonso et al., 2021). In this regard, the type of
material used appears to be another factor modulating the
negative impact of seductive details on learning, with text
materials having been documented to be more detrimental
compared to images (Rey, 2012).

Furthermore, most of the reviewed studies have focused
on the impact of changes in physical properties of visual
objects as a way to direct players to the to-be-learned mater-
ial. This “ocularcentrism has [… ] plagued video game stud-
ies” (Collins, 2013, p. 22); however, sounds should also be
carefully designed to signal and cue players’ attention. A
game’s sound design – which typically includes soundtracks,
ambient sounds, and sounds associated with the player’s
actions – has the potential to evoke different emotions in
learners and thus contribute to learning (Cassidy &
MacDonald, 2010; Munday, 2007). Moreover, it is possible
to use game aesthetics to capture and reflect the players’
emotional state through a combination of music and visuals
(Drossos et al., 2012; Liljedahl, 2011). In doing so, game aes-
thetics and the emotions they trigger should be considered
as a strategic element in game narrative that aims “to
enhance the richness of the playing experience, and afford
sensual, visceral, and/or intellectual stimulation to the play-
er” (Browne et al., 2012, p. 149). As opposed to designs that
add seductive details irrelevant to the learning process, emo-
tional design manipulates the affective qualities of compo-
nents of the environment (e.g., sounds, colors, shapes, etc.)
without adding any new content that would be a competi-
tion for cognitive resources (Plass & Kalyuga, 2019). In the
Legend of Zelda series (Nintendo et al., 1986), for example,
rewarding sounds are often associated with an emotional
state, character, place, or object. Moreover, music can be
used to signal players that they are safe or that they need to
pay attention to an impending danger (Hodent, 2017). For
example, when the player is in an exploration mode, the
music might show a calm and inquisitive tone, whereas a
battle mode might feature a frantic and aggressive sound. In
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sum, emotions can be manipulated to guide the play-
ers’ engagement.

The study of methods to seamlessly induce emotions that
are aligned with learning outcomes is a relatively new field
of investigation in the video game literature (Huang et al.,
2016; Mayer & Estrella, 2014; Plass et al., 2014; Um et al.,
2012). Thus, despite the fact that these design factors are
likely to play an important role in game design for impact,
in order to provide specific design specifications, it would
be crucial to accumulate evidence about the proper use of
emotions to summon attention, reduce load and facilitate
processing so as to positively impact learning outcomes.

2.3.2. Game play and learning goals alignment
In order for games to be effective learning tools, they should
have clearly defined goals, and the cognitive processing
involved in the game should closely align with the learning
objectives (Mayer, 2016). As may be obvious, game goals
and learning goals are not necessarily the same and may
diverge significantly (Schrier, 2018). In this regard, Whitton
(2009) suggested that “a key challenge when designing a
game for learning is ensuring that the goals within the game
support the learning objectives and do not detract from
them” (p. 90). If a game requires engagement with the
intended learning objectives in order to progress, then it has
a much greater chance of success as a learning tool (Salen
et al., 2011; Weitze, 2014; Whitton, 2009). On the other
hand, if for example, the player can finish a level by simply
clicking randomly, then the game goals can be easily
achieved but little learning will occur.

Thus, designing games for impact means not only setting
clear goals but also, at all times, ensuring these goals work
in the service of the expected learning outcomes. To demon-
strate the importance of game goals on learning outcomes,
Arena (2012) examined how playing one of two commercial
games may prepare community-college students to learn
from a World War II lecture. The games compared were
Call of Duty 2 (Infinity Ward, 2005), which mostly directs
players’ attention to tactics on the battlefield, and
Civilization IV (Firaxis Games, 2005), which directs players’
attention to strategic choices nations need to make. Note
that neither of these games covered World War II and thus
their content was irrelevant to the stated learning goals of
the lecture on World War II. After their respective game
play and the WWII lecture, students were asked to read two
different scenarios, one focused on battle tactics and the
other one focused on nation strategies. For example, one
battle tactics scenario read, “On June 6, 1944, an American
Ranger battalion landed on the beach at the foot of the cliffs
of Pointe du Hoc, in France. They then climbed those cliffs
under fire from the Germans to destroy a set of large artil-
lery guns.” One nation strategy scenario meanwhile read:
“In 1940, in Mers-el-Kebir, Algeria, commanders of some
British ships spoke with commanders of some French ships,
and then the British ships fired on the French ships, sinking
the ships, killing over 1,200 French sailors.” For each scen-
ario, students had to state the questions they would ask to
figure out why this happened. Scoring the students’ response

as a function of the scenario indicated that those students
that had played Call of Duty were more likely to ask ques-
tions about battle tactics than those who had played
Civilization when presented a battle tactics scenario and
were less likely to ask questions about nation strategy than
those that had played Civilization when presented a nation
strategy scenario. Thus, by directing attention to different
levels of knowledge during war-based experiences, Call of
Duty and Civilization IV induced different learning (and
learning-to-learn) outcomes.

Delivering a video game experience where attention, cog-
nitive load, and learning outcomes are properly aligned is
bound to result in an impactful game for learning; yet, to
this day very few instructional games have achieved such
alignment. In many cases, learning goals and game goals are
kept separate and a short game (e.g., puzzle) without any
connection to the learning objectives (e.g., solve a math
problem) may be given as a reward to the learner/player.
Among the notable exceptions is “Re-Mission” and “Re-
Mission 2” (2006, 2012) from HopeLab. The learning goal
in this video game is to encourage young people with cancer
to stick to their treatments and to change their attitudes
towards chemotherapy, two important predictors of treat-
ment success. The game features a powerful microscopic
robot that blasts away enemies (i.e., cancer cells) in order to
prevent them from completing the tumor before it enters
the bloodstream. Through playing the game, the young
player learns what happens in their body when cancer cells
attack and which actions they can take to reduce the counts
of harmful cells, while engaging the player with their learn-
ing goals. Research has shown that playing Re-Mission
improved clinical outcomes associated with success in cancer
treatment at the behavioral and psychological level (Kato
et al., 2008). Additionally, young people’s attitudes and
behaviors also improved, with greater adherence to anti-
biotic and chemotherapy treatments (Cole et al., 2012).

When aligning learning goals with game goals, careful
consideration should be given not only to game challenges
and rules, but also feedback (Salen et al., 2011; Weitze,
2014). Despite the importance of feedback in game-based
environments, relatively little research has systematically
evaluated the effect of feedback characteristics on learning
outcomes. In particular, when exactly the game should
deliver feedback has mixed recommendations. Learners
seem to benefit most from detailed process feedback (Erhel
& Jamet, 2013; Law & Chen, 2016; Serge et al., 2013) as is
provided in Re-mission; players received immediate feedback
in order to understand which are the most efficient weapons
they have available to defeat the cancerous cells (e.g., radi-
ation, antibiotics, chemotherapy). However, there are a
number of moderating factors that may influence whether
feedback should be delayed versus provided immediately,
such as the type of task or the intended learning objectives
(e.g., promoting retention versus transfer; Lester et al.,
2020). Additional research needs to be conducted in order
to answer the question of when and how to provide feed-
back in video games, as well as in other forms of game-
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based learning environments (Lester et al., 2020; Yan
et al., 2011).

2.3.3. Scaffolding
Playing a video game can often cause players to experience
some level of cognitive load (Nelson & Erlandson, 2008).
Scaffolding, or the layering of increasingly complex levels or
learning objectives, has been shown to facilitate learning
(Mayer, 2020). Video games are seen to excel in scaffolding
as they naturally deliver real time, personalized progression
in the game play (Madigan, 2015). In this regard, Gee
(2005) describes scaffolding as fish tanks: “little simplified
ecosystem that clearly displays some critical variables and
their interactions that are otherwise obscured in the highly
complex ecosystem in the real world” (Gee, 2005, p. 12).
Designers should begin by creating simplified models of a
complex ecosystem or “fish tank,” so learners can familiarize
themselves with it gradually. The game should then become
more and more complex along the way, until the learner
fully comprehends how the whole game system works.

A good example of scaffolding for game play is repre-
sented by the video game Horizon: Zero Dawn (Sony
Interactive Entertainment, 2017). As the player moves
through a complex, post-apocalyptic open world, they are
often faced with many options and strategies to choose
from. A strong point of the game is that despite its com-
plexity, it makes things simple enough for the player to
learn though several mechanics (Madigan, 2015). The
“hunting grounds” is a good example of this. Players can
place themselves in increasingly difficult situations and learn
new strategies which will carry over into other parts of
the game.

A main challenge when scaffolding in games for impact
is to deliver a game play that allows for the development of
a coherent mental model for the to-be-learned skills or con-
tent. Video games can be designed to integrate scaffolding
to facilitate the mental organization of selected information
into a coherent mental model. A game-based environment
that incorporates notebooks, and checklists allows players to
record key pieces of information and reflect on what they
already know about the problem they are tackling (Shores
et al., 2011). For instance, in Crystal Island (Lester et al.,
2020), a virtual diagnosis worksheet (a note-taking tool) was
integrated into the narrative-centered learning environment.
As they attempted to figure out what caused an illness out-
break on a fictional island, players could make notes, select
likely causes, and provide a final diagnosis. A study by
Nietfeld et al. (2014) found that students who used the vir-
tual worksheet showed greater learning gains and reported
higher learning levels, in addition to being more engaged.
Another set of instructional scaffolds commonly found in
game-based learning environments is graphic organizers and
concept matrices. The use of these can assist players in self-
assessing and self-reflecting on their capabilities or their cur-
rent level of knowledge (Rowe et al., 2013). In Crystal
Island, users can use concept matrices to reinforce their
understanding of microbiology principles and this has been
linked to higher learning outcomes (Rowe et al., 2013).

Researchers have also found that embedding sub-challenges
within a video game can support more efficient learning
than asking learners to complete more complex activities
(Shores et al., 2012). One illustration of how video games
exploit this type of scaffolding comes from the tutorial scen-
arios in Portal 2 (Valve Corporation, 2011): through this
intelligent tutoring environment players are enabled to play
scaled-down versions that emphasize key game elements and
relationships.

To sum up, a game for learning should provide proper
scaffolding not only of the game play but also of the learn-
ing objectives. Game goals should therefore be constrained
both by playability and learning goals so that the design
allows players to gradually acquire through the very game
play all of the learning outcomes (Madigan, 2020;
Weitze, 2014).

3. Challenge THREE: Designing for transfer

The preceding sections emphasize the importance of design-
ing games that direct attentional and cognitive resources on
the to-be-learnt material, as well as use proper motivational
systems to deliver the needed time on task. Another chal-
lenge, though, in the learning sciences concerns the issue of
transfer or overcoming what is also called the “curse of
learning specificity” (Bavelier et al., 2012; Deveau
et al., 2014).

3.1. Why is transfer of learning desirable?

As noted in the introduction, training nearly always
improves performance on the practiced task (i.e., even if
there are mismatches of the type discussed in the previous
section, this shouldn’t completely block learning, it should
just make it considerably slower). Yet, more often than not,
learning on the task itself does not result in improved per-
formance on other tasks. For instance, in the field of percep-
tual learning, participants trained to detect the presence of
dots moving up and to the left might become exquisitely
attuned to such displays (such that they can perform incred-
ibly well at such detections, even in the presence of signifi-
cant noise or with very short presentation times). However,
at the end of training, they frequently show no increased
aptitude at detecting dots moving, for instance, down and to
the right (Sagi & Tanne, 1994). Similarly, individuals repeat-
edly trained on one psychological task designed to measure
executive functions will frequently become much better at
that one task, but then show no improvements on any other
similar measures of executive function (Lee et al., 2012;
Stojanoski et al., 2021). And finally, this is a persistent issue
in education, where students may, for instance, show great
improvements on solving problems when presented as equa-
tions, but then show limited ability to solve the same prob-
lems when presented as word problems (Schanzer et al.,
2015). Obviously then, this is a significant real-world obs-
tacle since being perfect on just the exact training task is
rarely the purpose of instruction or training. Instead, in
order to have any real-world utility, the benefits of training
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must extend beyond the context of the training itself, and
thus in the discussed case, the context of the video
game play.

Thus, after considering game mechanics that can impact
time on task and can be used to align learners’ attention
with the to-be-learned skills and content, the third challenge
of delivering transfer beyond the trained tasks will be now
addressed by reviewed first the existing theoretical frame-
work on transfer and then the game design components to
enhance transfer.

3.2. Existing framework: How to facilitate
learning transfer

While for much of the history of various learning fields
(e.g., perceptual learning, cognitive learning), specificity of
learning was the expected outcome, over the past several
decades a variety of approaches and paradigms have been
examined that appear capable of overcoming the “curse of
specificity” (Bavelier et al., 2012; Deveau et al., 2014; Green
& Bavelier, 2003) and instead of producing more general
learning outcomes. One such approach is leveraging action
video game play. While action video games contain the
same basic characteristics known to produce sustained moti-
vated effort discussed in the previous section, unlike many
other types of video games, they also contain a number of
other characteristics that seem to allow for surprisingly
broad learning outcomes. Action video games refer here to
fast paced, perceptually rich video games that require players
to move around in the game environment, to effectively
monitor their surroundings, while making frequent, quick,
and accurate motor responses to new stimuli. Generally
speaking, scientific research has tended to use action video
games to refer to two sub-genres of video games – first- and
third-person shooter games (with the primary difference
being the character viewpoint, Dale & Green, 2017). A
recent meta-analysis (Bediou et al., 2018) has shown that
individuals trained on action video games improve not only
on the games themselves, but on a wide range of tasks that
are meant to tap a host of basic cognitive skills including
top-down attention, multi-tasking, and perception (noting
that these tasks look nothing like action video games and
instead look like typical sterile psychology tasks)

Importantly though, while the range of cognitive skills
improved by action video games is notable given the typical
curse of learning specificity, this is not to say that all cogni-
tive skills are equally enhanced as a result of action video
game experience. Some skills appear to benefit to a great
degree, including for instance, attentional control, which
refers to the ability to focus on the task at hand and to
ignore sources of noise or distraction, while simultaneously
remaining highly flexible in directing attention over space
and time as a function of task demands. Other skills seem
to benefit less or not at all, for instance, language skills or
facial emotion recognition (not surprisingly given that these
are not strongly tapped by action video games).

Recent work has significantly extended the basic finding
that action video game play results in an increased ability to

process task-diagnostic information and suppress noisy or
irrelevant information (Green et al., 2010). This work has
argued that increases in this type of attentional control will,
in turn, result in enhancements in the ability to learn novel
tasks (Bejjanki et al., 2014; Berard et al., 2015; Gozli et al.,
2014). As such, this form of generalization is referred to as
“learning to learn”. In a recent intervention study, partici-
pants trained on commercial action video games were con-
trasted to those trained on control, commercially-available
strategy games on two different learning tasks. This work
found a faster learning rate in a perceptual learning task and
a cognitive learning task among action-trainees than in con-
trol-trainees upon completing their respective 45 h of train-
ing (Zhang et al., 2021). This intervention study
demonstrates a causal role of action video games to enhance
learning speed while controlling for possible enjoyment,
motivational, social or expectation effects via an active con-
trol group also training on popular, commercial
video games.

Finally, while the majority of the literature in this space
has contrasted action video games (again, primarily first-
and third-person shooters) with non-action games (primar-
ily life simulation type games, such as The Sims or Zoo
Tycoon), the emergence of new video game genres over the
past decade has spurred a great deal of work seeking to
characterize their impact. In particular, many new genres
are what might be called “hybrid” genres – combining com-
ponents of classic action-shooter games with other genres.
For instance, many of the most highly successful games of
the past decade have been “action-RPG”, “action-adventure,”
or “action-RTS” hybrids, which combine many aspects of
action-games (e.g., first-person or third-person shooter
mechanics) with classic role-playing game (RPG) (e.g., char-
acter progression trees that allow various skills to be leveled
up; dialog options; etc.), classic adventure (e.g., exploration
of reasonably open-worlds), or classic real-time strategy
(RTS) (e.g., control of multiple units) characteristics.
Because these games contain significant “action” compo-
nents, the strong prediction has been that they would pro-
duce similar benefits as seen with more classically defined
action video games. This has largely been borne out in the
data, where, for instance, in cross-sectional work players of
the “action-like” genres tend to show similar advantages as
do players of the more classically defined action genre (first-
and third-person shooters) (Dale et al., 2020; Dale & Green,
2017; Large et al., 2019). This, thus, strengthens the argu-
ment that what is important for producing generalizable
increases in perceptual and cognitive function is not genre
per se, but is instead certain processing demands.

3.3. Game design components to enhance transfer

The surprisingly wide benefit of action video game play on
cognition raises the question of which game components
contribute to its impact. Here researchers have examined
which components are shared across game genres that do
(e.g., action video games; action-RTS; action-RPG; action-
adventure) and do not (e.g., life simulation, turn-based
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strategy) enhance cognition. In this comparison, it is first
notable that many characteristics strongly overlap between
the former and latter type of games. Essentially all games,
action and non-action alike, deliver a highly fun and
rewarding experience; they make use of astutely designed
entry levels and difficulty increases for scaffolding; they
exploit rich reward structures at different time scales, as well
as the use of avatars, story-telling, and the like. As such,
these characteristics may be necessary for producing the
enhancements that are observed (e.g., as per the previous
section, in driving long-term motivated effort), but they are
clearly not sufficient.

Cardoso-Leite et al. (2020) proposed five key game fea-
tures that underlie the enhanced cognitive abilities that
result from playing action video games. These include (i)
pacing or the need for making decisions under time pres-
sure, (ii) dividing or sustaining attention over a large part of
one’s environment, (iii) the need for high precision or
focused attention, (iv) the need to switch between the for-
mer divided attention state and the latter focused attentional
state (as required by precise aiming in shooter games for
example) as a function of the ever-changing game contin-
gencies; (iv) the need for prediction (the activities need to
be structured enough that one can learn through trial and
errors), and (v) the need for variability (the activities need
to be diverse enough to avoid automatization of the trained
brain functions; indeed full automatization limits generaliza-
tion and the benefits of learning-to-learn). It is hypothesized
that the combination of these five different game aspects is
central in enhancing attentional control and learning-to-
learn (Bavelier & Green, 2019). Yet, very few games play
mechanics naturally align all of these 5 components.
Unfortunately, each in isolation appears to fail to achieve
the level of attentional training enhancement and transfer
seen when these are properly aligned within the game play
(for further discussion, see Cardoso-Leite et al., 2020).

4. Conclusions

Video games hold potential for providing an engaging,
entertaining, and effective learning experience. Video games
deliver active, adaptive, and immersive experiences, an ideal
combination of strength to maximize learning. Yet, video
games for impact must simultaneously deliver the motiv-
ation to keep engaging with the learning experience, the
attention to the skills or content to be learned and the possi-
bility of transferring what has been learned outside of the
gaming context. These joint demands call for exquisite care
during game design. Indeed, most if not all game design ele-
ments, from the visual and auditory stimuli used, to the
cues used to draw attention to specific aspects, to the feed-
back given to the user, as well as the emotions any of these
features evoke, must be properly aligned with the underlying
cognitive processes that the learning goals call for. As dis-
cussed above, a rich, engrossing game experience that capti-
vates the player’s attention and places proper load on their
cognitive or emotional resources may be utterly futile if it
does not align resource allocations with learning goals. Yet,

when these game design principles are met, the learner can
experience the appropriate cognitive load on relevant learn-
ing materials that are conducive to enhanced learning out-
comes. Future research, among cognitive and educational
researchers, as well as game designers, should focus on how
to achieve alignment between game playability and learning
outcome without detracting from the entertainment value of
video games.
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