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Affect-adaptive games gained in popularity over the last years in human computer interactions studies,
promising potential benefits for player experience, performance, and even health. It is however not yet
clear how affective games are being evaluated, what the precise effects are, and how they are based on
emotion theoretical concepts that are still not universally agreed upon. This systematic review investigated
these questions by analysing relevant high-quality evaluation studies of the effect of affect-adaptive video

games on various outcomes in regards to their effects, theoretical assumptions, and methodologies. Out
of 3,930 papers, 26 studies were included based on preregistered inclusion and exclusion criteria. A high
variance regarding theoretical assumptions and methodological approaches was observed, as well as an overall
poor methodological rigour, leading to the conclusion that more work is needed in constructing better
methodological standards for game evaluation studies and theoretical considerations when developing and
testing affect-adaptive video games.

1. Introduction

Over the last decades, video games have risen in popularity and
established themselves as one of the most commercially successful
forms of entertainment, yielding over 160 billion dollars in revenue in
2020 [1]. Beyond the commercial interest, research suggests that video
games offer benefits to mental health (e.g. [2,3]), via treatments or
trainings (e.g. [4,5]) or by offering positive affective experiences (e.g.
[6,7D).

To further the development of games promoting such benefits, both
industry and research have attempted to develop and evaluate new
ways of improving the effects associated with video games. One of
the most popular areas of improvement is game adaptation based on
individual player data. Adaptation has been seen as one of the main
ways to increase accessibility for all kinds of players, align player
enjoyment across populations, and introduce new gameplay opportuni-
ties [8,9]. For example, dynamic difficulty adjustment (DDA) has been
presented as an effective way to narrow player skill gaps and therefore
raise overall game enjoyment by adapting game materials to models of
player skills [10].

Other approaches describe affective adaptation, which is the adap-
tation of game material to emotional or affective data from the player.
Rooted in the discipline of affective computing, originally described
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by Picard [11], affect-adaptive games try to directly elicit emotional re-
sponses by mapping various game characteristics to potential emotional
responses. This process is seen as fundamentally based on psychological
groundwork and often relates to concepts introduced in psychological
research. For example, based on the model of optimal experiences
by Csikszentmihalyi and Csikszentmihalyi [12] and Chen [13] de-
scribed the flow model in video games as a form of balance between
individual abilities of players and challenge to maximize enjoyment
and minimize frustration or boredom. Other popular adapted theories
include self-determination theory (SDT), describing the motivational
pull of video games based on basic psychological needs [14,15]. In gen-
eral, because games offer emotional benefits and motivational appeal,
directly measuring and adapting the affective relationship between
games and players is often seen as an ideal way to address interindi-
vidual differences in experiencing games and therefore maximizing the
potential of beneficial outcomes in aspects such as enjoyment, health,
education, or well-being [16].

However, as of yet there are still many open questions relating
to affect-adaptive video games. Prior reviews have found promising
effects for affect-adaptive games [17,18] and reported an extensive
overview about findings and methods specifically for physiology-based
games [19]. A similar understanding about the reported effects of

1875-9521/© 2023 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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affect-adaptive games would be very valuable in assessing the benefits
and risks involved in the design and development process. It is currently
not clear how affect-adaptive games perform against control conditions,
what outcomes (such as health benefits or player enjoyment) are being
investigated, and how large reported effect sizes are. Furthermore, it is
not clear in which ways affective games are grounded in psychological
theories. While emotion as a concept has been examined through
many established theoretical and empirical works, there are still many
fundamental conceptual uncertainties present in modern psychological
research (see for example [20] for a current overview). It is still not
clear how emotions are structurally represented (e.g. dimensionally vs.
distinct), what underlying mechanisms explain their elicitation (e.g. so-
cially constructed vs. innate), which components participate in emotion
development and expression, and how emotions can be measured.
Because of these conceptual issues, applications of emotion theories are
at risk of blindly relying on assumptions that are currently still under
debate — or that may already be outdated. It is therefore important
to examine the theoretical and mechanistic assumptions underlying
the design and testing of affective-adaptive games. Finally, the quality
of provided evidence for the effect of affect-adaptive games in terms
of their methodological approaches is not yet clear and may further
provide important data to evaluate the true potential of affective games.

To summarize, while many promising effects and underlying psy-
chological models are discussed in current research, we are lacking sys-
tematic evidence to evaluate the success of affective adaptation in en-
hancing the positive effects video games have on players. Additionally,
there is a lack of research indicating how well theoretical and method-
ological approaches are applied in affect-adaptive games research. This
study therefore proposes a systematic review approach to fill these
gaps and provide more insight about the current state-of-the-art in
affect-adaptive research.

2. Background
2.1. Emotion theory

In affective computing, the terms “emotion” and “affect” are often
used interchangeably, but in psychology affect is generally seen as
an umbrella term, describing multiple possible affective states that
can be differentiated through certain features [21-23]. For emotions
specifically these features include a fixed (often short) duration with
varying emotion-specific onset and offset periods of a mostly high
intensity [24], which differentiates them from other affective states,
such as mood, stance, attitude, or affective traits. In affective games,
emotions are often the main affective variable of interest, but the
overall game experience has also considerable relations to other af-
fective states, such as mood or stance. In this review, we include all
studies concerned with an adaptation to affective data, which might in
theory include measures of overall mood, but also includes all measures
related to emotions.

But even looking at the psychological concept of emotion and
its theoretical components, more uncertainties arise. In 2010, Izard
[25] conducted a survey study with 35 highly acclaimed scientists in
the field of emotion research, asking six questions about the defini-
tion, functions, and underlying mechanisms of emotions. They found
considerable disagreements in almost all answers, with only a 25%
agreement in basic definitions of emotions, and even more disagree-
ment in their views of emotion function, emotion elicitation, and the
relationships between emotion, cognition, and action. In 2022, most of
these disagreements are still not resolved [20].

Contentious aspects of emotion theoretical approaches are con-
cerned with basic assumptions such as the underlying structure of
emotions:

Dimensional emotion models originate from work mapping emo-
tions onto a pleasantness-unpleasantness scale [26], which was ex-
panded by the works of Russell [27] who popularized the circumplex
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model of affect, which added a dimension for activation or arousal,
providing more depth for emotion classification and even guidance
to assign emotions based on values in these dimensions. To this day,
many subjective measures, such as the Positive and Negative Affect
Scales (PANAS; Watson et al. [28]) reflect these dimension and are used
to measure affective states in an experimental or diagnostic setting.
Other scales, such as the self-assessment manikin (SAM; Bradley and
Lang [29]) even add another dimension (Dominance) to differenti-
ate between emotions. The influential cone model by Plutchik [30]
was built upon the circumplex model and used assumed mappings
between individual emotional states and these dimension to describe
their relationship to each other.

In contrast to dimensional models are distinct emotion perspectives,
which are based on assumptions of specific and distinct emotion expres-
sions and action motivations. Modern descriptions of discrete emotions
has been popularized by the works of Tomkins [31], or Izard [32],
which resulted in the development of general emotion categories, such
as joy, sadness, anger, fear, or disgust. The main implication of this
uncertainty are the potential problems in describing and measuring
emotions. For example, measures of peripheral physiology focusing on
the autonomic nervous system (ANS) have been found to inconsistently
reflect distinct emotional states in a meta-analysis by Cacioppo et al.
[33]. Rather, such measures (for example heart rate) can be used to
infer dimensional emotional information, most notably arousal, but
also to some degree valence [33]. Behavioural measurements, how-
ever, such as those of facial or body behaviour may convey valence
information [34], but also may have significant specificity for discrete
emotional states (e.g. [35]). Additionally, while emotion terms (and
therefore subjective ratings) can be quite intuitively mapped onto one
or more dimensions (for example in the circumplex model [36]), there
are a number of findings that support the notion of emotion-specific
properties, such as the unique involvement of the insula in disgust
processing [37]. Quite often, the underlying structure of emotion is as-
sumed based on the possibilities dictated by measurement instruments,
making both dimensional and discrete views prevalent and arguably
equally important [38]. It is however crucial to acknowledge that
neither one nor the other approach can currently be considered as the
true underlying structure of emotion and a joined theoretical approach
of both perspectives would need clear and universally agreed upon
criteria that do not yet exist [39].

More points of contention include the question if emotions are
innate and universal (“basic”) categories or the result of social con-
structions. Although modern theories agree that both biological and
sociocultural factors play a role in the development and expression of
emotions, there are still fundamentally different views regarding the
importance and roles of those factors. Following the logic made famous
by Ekman [40], researchers arguing for the existence of basic (or
universal) emotions build their theories on findings supporting cross-
culture emotion expressions, especially in facial expressions [41,42],
and neurophysiological data examining affective processes related to
“old”, evolution-shaped systems in the mammalian brain [43,44]. In
this view, emotions are basically hardwired and especially on an un-
conscious (or “deep”) level universal, while cultural influences begin
to play a role on a conscious, second-order level [44,45]. The construc-
tivist perspective argue for emotions as sociocultural constructions that
do not emerge from emotion-specific brain patterns, but that the brain
provides mechanisms for affective learning, leading to the construction
of emotions within cultural and social contexts [46,47]. Again, argu-
ments are being made for both perspectives, although they interpret
the nature of emotion differently. Basic emotion theories often explain
the functions of emotions through an evolutionary lens: Anger and
fear lead to approach and avoidance respectively and fulfill therefore
different roles in behaviour motivation, dictated by the biological de-
velopment of humans [48]. Constructivist views on the other hand see
learning and sense-making as the evolutionary advantage of emotion,
which enables action tendencies, communication, and social influence
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within experienced interactions [49]. In applied contexts such as affec-
tive games, the expectation of the effect of emotion-eliciting material
(e.g. expected player behaviour or relationship between game mate-
rial and emotional reaction) can change drastically depending on the
theoretical approach, particularly its assumptions about universality.

Beyond the sources of uncertainty in emotion theory, there are
currently many aspects that are generally agreed upon. Most modern
theories argue for the importance of cognitive appraisal of a triggering
situation in emotion elicitation [20], individual differences in emotion
experience and expression, as well as context-dependent differences
in emotion experience and expression. Furthermore, emotions involve
multiple components (such as a behavioural component, physiological
component, and subjective feeling component) that interact in various
ways and have important implications for measurement. An important
implication of this is that there is currently no clear mapping between
emotional states and specific state indicators (i.e. measures of compo-
nential expressions). In other words, even well-established measures
of affective physiological data such as heart rate (HR), heart rate
variability (HRV), or electrodermal activity (EDA) can only measure
specific aspects of emotion components (such as physiological arousal)
that can indicate only some emotions in some circumstances [34].

Overall, there are many potential theoretical obstacles when it
comes to emotion theory application that need consideration when
assessing affect-adaptive game studies. How studies approach these
conceptual problems and even assist in solving some of these questions
by validating measures or elicitation mechanisms in game contexts will
also need examination.

2.2. Affective gaming

Affective computing has been a prominent topic within human-
computer interaction (HCI) research, exploring the measurement of
and reaction to user emotions by a computer system [11]. It therefore
represents an interactional relationship that has the potential to provide
optimal emotional experiences by taking the current affective state of
the user into account. In an effort to bring affective computing research
to games, Hudlicka [50] described principles and current issues of
the three main components of affective games: emotion sensing and
recognition, computational models of emotion, and emotion expression
or adaptation. Building on this, she outlined requirements for an ideal
emotion engine that could accurately measure and interpret emotional
data from the player and feed it into a model, as well as create
realistic emotional behaviours for NPCs [6]. Affective design in general
is therefore mainly concerned with addressing these requirements and
developing solutions within three affective tasks:

1. Emotion Sensing: Lux et al. [51] identified 76 studies that
use biofeedback devices as an affective measurement, ranging
from measures of cardiovascular activity to electrodermal ac-
tivity, body movement, or respiration. For games specifically,
common measurements include physical measures like body
movement; physiological measures like skin conductance, heart
rate, muscle movement, or brain waves; and observation mea-
sures like facial or vocal expression [52]. Currently, there is
no universally accurate instrument to measure emotions and
recognition methods depend on emotion model assumptions,
individual differences, and context. Furthermore, measurements
are often seen as invasive, expensive, and unpractical [53].

2. Computational Emotion Modelling: Models of emotions are
most commonly researched in artificial intelligence game studies
with the main aim being the development of realistic affective
game agents. Hamdy and King [54] collected requirements to
develop emotional agents and provided an overview of compu-
tational emotion models. They pointed out that models often
have to simplify the complex nature of emotions and are also
quite costly and difficult to develop. Similarly Hudlicka [55]
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found that models often do not address detailed implications of
psychological theories. They concluded that in order to fit with
modern, complex theories of emotion, believable and realistic
agents need to address theoretical uncertainties first, meaning
that more systematic and integrative research is necessary. In a
systematic review by Wang et al. [56], current practices in emo-
tion modelling for affective computing and their implications
were described, uncovering methodological difficulties present
in the field.

3. Adaptation: Finally, research considering emotion adaptation
focuses either on affect-based changes in agents or the game
world [57]. Agents are again used to express emotions based on
the underlying model and showcase mostly “believable” emo-
tional behaviour, while the game world is specifically designed
to reinforce a target emotion. For example, adaptive difficulty
has been used to limit frustration [58], and adaptive camera
movement has been used to augment a game’s narrative [59].

In order to facilitate research addressing these tasks, Yannakakis
and Paiva [57] provided descriptions of three game system modules:
an emotion detection module (a module to measure and model player
emotions), an adaptation module (a module to adapt the game world
to these player emotions), and an elicitation module (a module to elicit
target player emotions). These modules are embedded into a shared
high-level concept of the emotional interaction between player and
game, known as the affective feedback loop [57,60]. The closed nature
of the loop is emphasized, as the ongoing adaptation of the game system
to the changes in players’ emotions is argued to be a unique character-
istic of games compared to other mediums [50] and is also generally
believed to facilitate emotional benefits, such as health benefits, more
accessible games, new gameplay opportunities, and higher enjoyment.

Bontchev [17] analysed 14 video games that integrated affect-
based adaptation techniques. They found that affective-adaptive games
generally were effective in achieving goal-oriented changes (e.g. more
enjoyment while playing). However, because of often incomplete in-
ternal models of affective player behaviour, they conclude that there
is much more work to do to achieve a complete and realistic system
for affect adaptation in video games. In a systematic review Robinson
et al. [19] analysed 162 biofeedback games and found effects not
only for player engagement, but also for treatment in health related
affective games. However, they also note that many physiological game
studies show insufficient critical reflection, both in terms of how tech-
nological limits are reported, and how rigorous evaluation is executed.
As of yet, there is no systematic review that focuses on high-quality
studies evaluating modern affect-adaptive games to analyse the adap-
tation effectiveness, studies’ implementations of emotion theoretical
assumptions, and their methodological approach in a comprehensive
manner.

2.3. The current research

Affect-adaptive games have been a topic of interest in human-
computer interaction research for many years now, as they promise
a variety of benefits to players, ranging from increased enjoyment to
mental health benefits [16,58]. However, there is a lack of comparative
studies to investigate how well affect-adaptive games achieve these
effects in the published literature. Since emotion research is also still
struggling with fundamental theoretical definitions, there is also a ques-
tion of how robustly affective game studies apply and test psychological
theories or if they depend on theoretical assumptions that are still being
debated or are even outdated. Finally, there is a need to compare affect-
adaptive game studies in terms of methodological rigour to assess how
well the reported effect can be generalized.

To our knowledge, this is the first systematic review that analyses
affect-adaptive video game studies in terms of (a) the effect of adap-
tation; (b) the theoretical assumptions regarding emotions; and (c) the
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quality of the evidence regarding evaluation of such studies. This study
tries to address these gaps by systematically analysing the available
research body of affect-adaptive video games to answer the following
questions:

1. RQ1: What evidence is there for effectiveness of game adap-
tation to player emotions?

(a) How many studies evaluate the effect of affect-adaptation
within a video game?

(b) What dependent variable is used to indicate adaptation
success?

(c) What empirical evidence is reported as part of the evalu-
ation?

2. RQ2: What emotion theoretical assumptions are being ap-
plied to build affective adaptation?

(a) How are target emotions defined? What theories are
used?

(b) What measures are used to indicate affective states and
how are they tested?

(c) What material is used to elicit emotions and how are they
tested?

3. RQ3: How are affect-adaptive games being evaluated?

(a) What sample characteristics are provided?
(b) What control condition is used for the evaluation?
(c) What are characteristics of the methodology?

3. Methods

This review follows the guidelines of the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA; Moher et al. [61]).
All studies that empirically evaluated an affect-adaptive video game
by comparing the affect-adaptive game to a control condition were
considered for inclusion. A protocol for the study was preregistered on
the Open Science Framework (OSF; 2022) before data screening com-
menced, but after the initial database searches, which were conducted
first to assess the scope and feasibility of the study.

3.1. Data collection

Electronic databases were searched on April 8th 2022. Databases
that are relevant for information technology, health, and social sciences
were chosen, which includes: ACM Digital Library (n = 561), IEEE
Explore (n = 824), Science Direct (n = 53), and Scopus (n = 2490).
Additional studies (n = 2) were identified through reference lists of
relevant studies [17,19], as well as through searches of the search terms
on Google Scholar. The Google Scholar searches were conducted once
with and without the “intitle:” operator and limited to the first 20 result
pages. The database searches returned a total of 3930 papers.

3.2. Search terms

Search terms were chosen based on three necessary study char-
acteristics, namely (a) it had to include a video game, (b) it had to
include some kind of adaptation, (c) this adaptation was based on
emotion. The string for the first characteristic was based on common
practice in similar studies (e.g. [19]) and included GAME* OR GAM-
ING. The search string for the second characteristic was based on game
adaptation literature and used synonyms for adaptation processes and
included ADAPT* OR MODUL* OR ADJUST*. Lastly, the string based
on the third characteristic was based on affective computing studies and
terms used for emotions or emotional components, namely: AFFECT*
OR EMOTION* OR VALENCE OR AROUSAL OR EXPERIENC*.
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3.3. Inclusion criteria

This review aims to investigate the reported effect of affective-
adaptive games and how these effects are being empirically evaluated.
Therefore, it focuses on high quality comparative studies, leading to the
following inclusion criteria:

. Peer-reviewed papers (including conference papers)

. Full-length papers

. Available in English or German

. Test an adaptive video game based on affective information

. Evaluates the adaptation effects empirically against a control
condition

g b wWwhN -

3.4. Exclusion criteria

Following the reasoning to provide insight about high-quality work
in the field, studies were excluded if they showed one of the following
characteristics:

1. Do not include an empirical study (i.e. reviews, study protocols,
‘work-in-progress’)

2. Evaluate only through qualitative or descriptive means

3. Do not compare to a control condition that is not affect-adaptive

4. Evaluate only based on case studies (defined as N < 5)

It is important to note that all non affect-adaptive control conditions
where included in the study, including performance-adaptive or non-
adaptive games that were tested in a within-design. Additionally, it was
not a necessary criterion to include randomized condition assignment,
as for example in quasi-experimental designs. Evaluations therefore
did not need to consist of randomized controlled trials (RCTs) to be
included.

3.5. Data analysis

The initial search returned 3930 papers, 755 of which have been
identified as duplicates and were removed. Title and abstracts were
screened by the principal investigator and papers that demonstrated a
clear mismatch to any of the relevant research questions (e.g. papers
that do not involve video games or HCI in general) were excluded,
leading to the removal of another 2965 papers. The 210 remaining
papers were assessed by reading the full texts of the papers and coded
in regards to the inclusion and exclusion criteria. Out of these papers,
32 were excluded for not involving an empirical study, 7 were excluded
for not involving a video game, 38 were excluded for not involving an
adaptation, 55 were excluded for not basing the adaptation on affective
data, 36 were excluded for not evaluating the effects of affective-
adaptation empirically, 14 were excluded for not involving a control
condition within the evaluation, and finally 2 were excluded for only
evaluating through a case study. The final set of papers consisted
of 26 studies that were further analysed within this review. A full
representation of the process as proposed by PRISMA guidelines [61]
can be viewed in Fig. 1.

3.6. Coding

In order to answer our three research questions individually, specific
aspects of the full sample were coded under predefined conditions for
each question.
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Fig. 1. Flow diagram of data extraction process.

3.6.1. RQI: Evidence synthesis

Each study was coded by publication year and within each study,
each adaptive game was coded by genre (as described in the paper
itself). For each game that was tested, the specified outcome variable
was coded, including the measurement instrument. The study design
was coded based on the control being a within or between condition
and the number and nature of all tested conditions were specified.
Finally, the effect was coded as positive, mixed/neutral, or negative
(experimental condition compared to control condition), and if possible
the reported effect size was included and coded as small, medium, or
high effects, based on interpretation guidelines as reported by Fritz
et al. [63]. For studies where no effect size was included, but sufficient
data was provided, effect sizes were calculated and interpreted as
described by Fritz et al. [63].

3.6.2. RQ2: Theoretical assumptions

For each paper, the affective state of interest (i.e. source of adap-
tation) was coded based on the theorized underlying structure (dimen-
sional vs. distinct) and the reported labels of the measured emotional
states. Furthermore, the specific measures used to detect the emotional
state were recorded. Together these details were gathered in order to
examine how affect was measured across studies. Each paper’s efforts to
validate individual measurement instruments (e.g. through comparison
with self-report scales) were also recorded. Tests were either direct
(i.e. related to subjective measures of the target emotion), indirect
(related to other indication of target emotions), or absent.

Additionally, it was coded what game material was adapted to
affective information and whether these game materials were tested in
their ability to elicit a target emotion in order to inform the adaptation
design. Game materials that were adapted of each game were listed
and summarized where appropriate (e.g. “difficulty” for all individual
gameplay changes that were made to increase challenge). Test were
again either directly (impact of materials was related to subjective
measures of target emotion), indirectly (impact of materials was related
to other indications of target emotions), or not tested.

3.6.3. RQ3: Methodological approach

Finally, for each evaluated game, the methodological approach was
coded, including sample information (N, percentage of male partici-
pants, mean age) and the used statistical test. An estimate of achieved

statistical power was calculated post-hoc for each study based on
the study design, sample size, and an assumed medium effect size
(0.5 standard deviations [SD]). Rather than providing an estimate of
“achieved” power, this was done because such an estimate completely
depends on the observed effect and can therefore be misleading, as it is
not theory-based, nor a good indicator of methodological validity [64].
Additionally, many studies did not provide sufficient information to cal-
culate the observed effect size, which would limit the ability to compare
all studies. To provide more insights about each statistical power, target
effect sizes (ES) were calculated, representing the detectable effect sizes
for a study, assuming a power (a priori) of at least 0.8. The target effect
size therefore represents the necessary differences between groups in
SD to achieve a power of 0.8 or higher.

Furthermore, risk of bias (RoB) was assessed using the Cochrane
Collaboration’s tool [65]. Risk of bias was assessed based on objective
criteria regarding multiple domains: (a) selection bias (i.e. whether
or not participants’ allocation was concealed and randomized), (b)
performance bias (i.e. whether participants were aware of the inter-
vention and if this could affect outcomes), (c) attrition bias (i.e. how
much missing data regarding the outcome was reported and how that
could influence analyses); (d) detection bias (i.e. whether or not clear
and appropriate measures for the outcome were reported and whether
deviations arose through data collection strategies); and (e) reporting
bias (i.e. whether or not all results from all measurements and analyses
were reported). An overall RoB was judged based on the following
criteria:

1. Low risk: The study presents a low risk of bias for all domains

2. Some concerns: The study presents some concerns in at least one
domain, but no high risk for any domain

3. High risk: The study presents a high risk in at least one domain

A detailed overview of all domains and criteria was provided
by Higgins et al. [65].

4. Results
4.1. RQI: Effectiveness of affective adaptation

26 studies were included in the analysis. A description of study
aims, methods, and conclusions can be found in Table 5. An overview
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Fig. 2. Counts of included studies by year.

of publication years can be seen in Fig. 2. Over half of all studies (n
= 14) were published in 2018 or later. 69% (n = 18) tested an affect-
adaptive game against one or more control conditions in a repeated
measure design and 31% (n = 8) used a group comparison. 86% of
studies (n = 22) used randomized subject assignment, 8% (n = 2) did
not use randomization for subject assignment, and 8% (n = 2) did not
report sampling procedures.

In these 26 studies, 27 affect-adaptive games have been described.
A overview of the games’ genres can be seen in Table 1.

To evaluate adaptation effectiveness, 18 different outcome variables
were used, assessed through 15 different instruments (see Table 2). The
outcome variables can be summarized within three broad categories.
The most used outcome category (n = 16) is player experience, which
includes outcome variables such as enjoyment, engagement, immer-
sion, aesthetics, dynamics, competence, character believability, fun,
flow, and general player experience. 46% of studies (n = 12) measured
player experience through a previously validated self-assessment instru-
ment, such as the Game Experience Questionnaire (GEQ; IJsselsteijn
et al. [66]; n = 3), the Intrinsic Motivation Inventory (IMI[; Markland
and Hardy [67]; n = 3), the Flow Experience Measure (FEM; Sung et al.
[68]; n = 1), the Player Experience of Need Satisfaction (PENS; Ryan
et al. [14]; n = 1), the Immersive Experiences Questionnaire (IEQ; Jen-
nett et al. [69]; n = 1), the Player Experience Inventory (PXI; Van-
den Abeele et al. [70]; n = 1), User Response to Interactive Storytelling
tool (URTIS; Vermeulen et al. [71]; n = 1), and the Character Believabil-
ity Questionnaire (CBQ; Gomes et al. [72]; n = 1). Additionally, 27%
of studies (n = 7) constructed own scales to assess player experience.

Another category includes affective variables (n = 8), such as
arousal, stress, valence, excitement, and anxiety. These were measured
mostly through physiological data, including heart rate (HR; n = 1),
heart rate variability (HRV; n = 3), electrodermal activity (EDA; n =
3), electroencephalography (EEG; n = 1). Some studies measured the
affective outcome through facial expression recognition (FER; n = 1)
or voice analysis (n = 1), and finally some through subjective self-
assessment tools such as the Self-Assessment Manikin (SAM; n = 1),
the Mood Adjective Checklist (UMACL; n = 1), or an own scale (n =
2).

The third category consists of performance metrics (n = 9), either
in-game performances (n = 8) or learning performance metrics (n = 1).

While a variety of outcome variables were used, most studies re-
ported a positive effect direction (i.e. increase in affect-adaptive condi-
tion compared to control). 65% of studies (n = 17) reported statistically

Table 1
List of genres for adapted games analysed in this review.

Genre No of studies % of sample
Action (3D) 5 18

Arcade 3 11
Education 2 7

Horror 4 15
Interactive Story 1 4
Platformer (2D) 4 15

Shooter (3D) 4 15

Training 4 15

significant positive effects, of which 2 can be considered small, 4 can
be considered medium, 6 can be considered large, and the remaining
5 were not reported with sufficient data to calculate effect sizes. Only
4% of studies (n = 1) reported a significant negative effect. 42% of
studies (n = 11) reported non-significant effects for at least some of
their outcome variables. As shown in Table 2, these effects were either
reported as “No effect”, “positive n.s.”, or “negative n.s.” within the
studies, with the last two signalling a descriptive trend of the data, but
no statistically significant effect.

4.2. RQ2: Emotions in affect-adaptive games

All presented games aimed at improving a predefined outcome vari-
able through adapting game material to emotional states. They included
therefore means to measure the affective states, and some emotion-
eliciting material that was the aim of adaptation. An overview of
emotion-theoretical assumptions, emotion measures, eliciting materials
and whether measures and material was tested in their ability to reflect
target emotional states can be seen in Table 3.

42% of studies (n = 11) considered emotions as distinct states, while
50% (n = 13) considered emotions as instances along a dimension. The
remaining 8% (n = 2) explicitly defined and measured both distinct
and dimensional affective variables. Adaptations were based on a wide
variety of affective triggers that were often based on the means of mea-
surement (e.g. arousal cut offs with dimensional measures, classified
fear with distinct measures). The number of states that were measured
ranges between 1 and 11.

Affective measures were used to indicate states by specific emotion
component expressions. The most widely used form of measurement
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List of included studies, outcome variables, outcome assessment instrument, effect direction (non-significant effects marked with n.s.), and observed effect size if sufficient information

was provided.

Authors Outcome Instrument Control Effect Effect size
Akbar et al. [73] Player experience GEQ (2013) Non-adaptive Positive N/A
Al Osman et al. Stress reduction Physiology (HRV) Non-adaptive Positive Medium
[74]
Alves et al. [75] Flow, Performance GEQ (2009) Performance adaptation Negative Small
Andrew and Valence decrease, Facial expression Non-adaptive Positive Medium
Chowanda [77] Arousal increase
Blom et al. [78] Preference Single item Non-adaptive Positive N/A
Bontchev and Effectiveness, In-game-performance Non-adaptive Positive N/A
Vassileva [79] Efficiency, Difficulty
Bontchev and Effectiveness, In-game-performance Non-adaptive Positive Medium
Georgieva [80] Efficiency, Difficulty
Darzi et al. [81] Player experience IMI (1997), FEM Manual, Random, No effect N/A
(2015) Performance,
Personality adaptation
Ewing et al. [82] Enjoyment, Immersion UMACL (1990), IEQ Manual adaptation No effect N/A
(2008)
Frommel et al. Perceived competence, PXI (2016), IMI (1989) Increasing difficulty, Positive Large
[84] Aesthetics, Dynamics Fixed difficulty
Hernandez et al. User experience URTIS (2010) Non-adaptive No effect N/A
[86]
Ibafiez et al. Presence SUS (1994) Non-adaptive Positive N/A
[87]
Jalbert and Rank NPC rapport 3-item questionnaire Non-adaptive No effect N/A
[89]
Lara-Alvarez Affective state, Voice analysis, Non-adaptive Positive, no effect Medium
et al. [90] performance In-game-performance
Liu et al. [91] Player experience, Single items (9-point Performance adaptation Positive N/A
Performance, Anxiety likert)
Moniaga et al. Challenge and IEQ (2008) Non-adaptive Positive N/A
[92] experience
Negini et al. Arousal, Player EDA, IMI (1997) & Non-adaptive Positive, no effect Large
[93] experience PENS (2006)
Nogueira et al. Player experience GEQ (2013) Non-adaptive Positive Large
[94]
Parnandi et al. Physiological arousal, Physiology (HRV, EDA), Non-adaptive, Deep Positive, No effect N/A
[95] Performance In-game-data breathing task
Parnandi and Physiological arousal, Physiology (HRV, EDA, Non-adaptive, Deep No effect Large
Gutierrez-Osuna Performance BR), In-game-data breathing task
[96]
Rodriguez- Valence, Arousal, Physiology (HR, EDA), Non-adaptive Positive (n.s.) Large
Guerrero et al. Dominance Subjective (SAM
[971 (1994), own scale)
Rosa et al. [98] Performance, Flow In-game data, Single Performance No effect N/A
items adaptation,
Non-adaptive
Salah et al. [99] Learning, Engagement Not specified Non-adaptive Positive Small, large
Stein et al. [100] Long term excitement, Physiology (EEG), Non-adaptive Positive Small
Enjoyment Single item
Tjokrosetio and Character believability CBQ (2013) Non-adaptive Positive N/A
Chowanda [101]
Vachiratamporn Fear, Fun, Difficulty 5-point scale Non-adaptive Negative (n.s.) Medium
et al. [102]

were physiological measures, used by 62% of studies (n = 16) and were
conducted through HR readings (n = 6), HRV readings (n = 4), EDA
(n = 10), EEG (n = 4), electromyography (EMG; n = 3), or breathing
rate (n = 2). 42% of studies (n = 11) considered observational data
of behaviours, such as facial expressions (n = 8), voice analysis (n =
1), gesture analysis (n = 1), or in-game choices (n = 1). Finally, 8% of
studies (n = 2) measured subjective feeling in-game as a mean to adapt
gameplay through self-report ratings. 62% of studies (n = 16) did not
explicitly test how well the used measure indicated target emotional
states, meaning that these studies relied on either previously tested or

untested theoretical assumptions regarding how well a measure could
differentiate between predefined states based on a predefined underly-
ing structure. 12% (n = 3) indirectly tested the measure, by validating it
through other means than subjective emotion self-assessment (e.g. com-
paring physiological measures, or testing reliability of differentiating
between game materials emotion-eliciting). 26% of studies (n = 7)
tested testing the measure within a certain game context directly, by
associating it with the self-reported target emotion in an experimental
context.
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Table 3
List of included studies, definition of underlying emotion structure, emotional state labels, emotion measure, whether the measure was tested in the study, the in-game adapted
material used for emotion elicitation, and whether the effect of this material on emotion elicitation was tested in the study.

Authors Structure State labels Measure Measure Adapted material Material tested
validated
Akbar et al. [73] Distinct Anger, Frustration, Facial expression Not tested Difficulty Not tested
Smile, Relaxation
Al Osman et al. Dimensional Stress Physiology (HRV) Not tested Visual feedback Indirectly
[74]
Alves et al. [75] Distinct Anxiety, Boredom, Physiology (HR, EEG) Indirectly Difficulty Directly
Engagement,
Frustration
Andrew and Dimensional Valence, Arousal Facial expression Not tested Difficulty Not tested
Chowanda [77]
Blom et al. [78] Distinct Anger, Disgust, Fear, Facial expression Indirectly Difficulty Directly
Happiness, Neutral,
Sadness, Surprise
Bontchev and Distinct and [Anger, Disgust, Fear, EDA and facial Not tested Difficulty, Not tested
Vassileva [79] dimensional Happiness, Sadness, expression Lighting
Surprise] and [Arousal]
Bontchev and Distinct and [Anger, Disgust, Fear, EDA and facial Not tested Difficulty Not tested
Georgieva [80] dimensional Happiness, Sadness, expression
Surprise] and [Arousal]
Darzi et al. [81] Dimensional Preference Physiology (EDA, EEG, Directly Difficulty Directly
HR, HRV)
Ewing et al. [82] Distinct Boredom, Engagement EEG Directly Cognitive Directly
demand
Frommel et al. Dimensional Boredom, Frustration Questionnaires Directly Difficulty Indirectly
[84]
Hernandez et al. Distinct Distress, Fear, Hope, Behaviour Not tested Narrative Not tested
[86] Joy trajectory
Ibéfiez et al. Distinct Anger, Disgust, Fear, Gestures Indirectly Music Not tested
[87] Happiness, Sadness,
Surprise
Jalbert and Rank Distinct Alarmed, Angry, Bored, Physiology (EDA, EMG) Not tested NPC Dialogue Not tested
[89] Content, Depressed,
Happy, Miserable,
Neutral, Tired
Lara-Alvarez Dimensional Valence, Arousal Voice analysis Directly Difficulty, Sound Partly directly
et al. [90]
Liu et al. [91] Dimensional Anxiety Physiology (HR, EMG, Directly Difficulty Not tested
EDA)
Moniaga et al. Distinct Anger, Frustration, Joy Facial expression Not tested Difficulty Not tested
[92]
Negini et al. Dimensional Excitement Physiology (EDA) Not tested Difficulty Not tested
[93]
Nogueira et al. Dimensional Arousal, Valence Physiology (EDA, EMG, Not tested Character Indirectly
[94] HR, HRV) representation,
Difficulty
Parnandi et al. Dimensional Arousal Physiology (BR) Not tested Difficulty Not tested
[95]
Parnandi and Dimensional Arousal Physiology (EDA, HRV, Not tested Difficulty Not tested
Gutierrez-Osuna BR)
[96]
Rodriguez- Dimensional Arousal, Dominance, Physiology (HR, EDA) Directly Difficulty Directly
Guerrero et al. Valence
[971
Rosa et al. [98] Dimensional Boredom, Frustration Physiology (EDA) Not tested Difficulty Directly
Salah et al. [99] Distinct Boredom, Frustration, SAM (1994) Not tested Difficulty, Not tested
Relaxation Aesthetics
Stein et al. [100] Dimensional Excitement, Frustration Physiology (EEG) Not tested Difficulty Indirectly
Tjokrosetio and Distinct Anger, Disgust, Fear, Facial expression Not tested NPC behaviour Not tested
Chowanda [101] Joy, Neutral, Sadness
Vachiratamporn Distinct Anxiety, Fear, Neutral, Physiology (HR) Directly Enemy position Not tested
et al. [102] Suspense
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Included studies, sample size (N), reported demographics (% male and mean age), statistical test, estimated power assuming a medium effect (0.5 SD), target effect size (ES), and
risk of bias (RoB; + refers to low risk; +/— refers to some concerns; — refers to high risk of bias).

Authors N % Male M Age Test Power Target ES RoB
Akbar et al. [73] 60 68 N/A t-Test 0.85 0.5 +
Al Osman et al. [74] 12 58 33.92 MANOVA 0.20 1.3 +/-
Alves et al. [75] 21 76 22.43 t-test 0.39 0.71 -
Andrew and Chowanda [77] 31 N/A N/A Wilcoxon Rank 0.84 0.5 -
Blom et al. [78] 25 80 N/A Z-test 0.43 1.0 +/-
Bontchev and Vassileva [79] 30 60 N/A t-test 0.85 0.5 +
Bontchev and Georgieva [80] 30 60 31.87 t-test 0.85 0.5 +
Darzi et al. [81] 50 74 25.1 t-test 0.23 1.1 +
Ewing et al. [82] 10 40 N/A t-test 0.29 0.8 +
Frommel et al. [84] 66 73 30 ANOVA 0.99 0.3 +
Hernandez et al. [86] 294 50 19 MANOVA 0.99 0.2 +
Ibafiez et al. [87] 22 67 29.09 t-test 0.3 1.2 +
Jalbert and Rank [89] 16 63 N/A t-test 0.24 1.4 +
Lara-Alvarez et al. [90] 40 N/A N/A t-test 0.93 0.4 +
Liu et al. [91] 9 47 N/A ANOVA 0.26 1.1 +/-
Moniaga et al. [92] 32 N/A N/A Wilcoxon Rank 0.85 0.5 +
Negini et al. [93] 16 94 N/A ANOVA 0.61 0.7 +
Nogueira et al. [94] 24 67 22.5 MANOVA 0.41 0.8 +
Parnandi et al. [95] 9 78 N/A Not specified 0.08 2.8 +/-
Parnandi and Gutierrez-Osuna [96] 16 94 N/A ANOVA 0.12 1.6 +
Rodriguez-Guerrero et al. [97] 11 73 30.5 Not specified 0.19 1.7 +/-
Rosa et al. [98] 36 61 N/A Friedman test 0.82 0.5 -
Salah et al. [99] 30 67 19 t-test 0.38 1.0 +/-
Stein et al. [100] 24 92 25.59 ANOVA 0.74 1.0 +
Tjokrosetio and Chowanda [101] 52 86 N/A Z-Test 0.97 0.4 +/-
Vachiratamporn et al. [102] 12 92 25.42 Not specified 0.49 0.8 +

The emotion-eliciting game material that was the source of adapta-
tion was mostly focused on challenge aspects of games. 77% of games
(n = 20) manipulated game material with the aim to change a game’s
difficulty in order to evoke a range of emotions. 19% of studies (n =
5) manipulated the game’s aesthetics (through the visuals or audio) as
a way to evoke emotions. 15% of studies (n = 4) manipulated non-
playable characters (NPCs) or story progressions to reflect affective data
of players, and 4% of studies (n = 1) manipulated non-challenge related
in-game events to evoke fear. Again, a majority of studies (58%, n =
15) did not test the effects of game material manipulation on the target
emotion through self-report measures. 16% of studies (n = 4) tested the
emotional elicitation effect of material through indirect measures (such
as physiology), and 26% of studies (n = 7) tested the effects of the
adapted game material on target emotions directly through self-report
measures.

4.3. RQ3: Methodologies

The sample size (n) ranged from 9 to 294 (M = 37.62), with a
Median sample size across studies of 24 participants. None of the
studies justified the sample size on statistical power assumptions. 96%
of studies (n = 25) provided information about demographic details,
such as mean age (n = 18), age range (n = 21), gender distribution
(n = 24), or game experience (n = 15). Statistical power assuming a
medium (0.5 SD) effect size ranged from 0.08 to 0.99 (M = 0.55; Md
= 0.46). The target effect size detectable with the study design ranged
from 0.2 SD to 2.8 SD (M = 0.89; Md = 0.8). 8% of studies (n = 2) were
able to detect a small effect size (up to 0.3 SD), 42% of studies (n = 11)
were able to detect a medium effect size (up to 0.6 SD), 58% of studies
(n = 15) were able to detect a large effect size (up to 0.9 SD), and 88%
of studies (n = 23) were able to detect a very large effect size (up to
1.5 SD). An effect size of up to 2 SD was detectable by 96% of studies
(n = 25) and one study was under powered for lower effect sized than
2.8 SD (see Table 4).

62% of studies (n = 16) were found to have a low risk of bias (RoB),
i.e. no bias concerns in the observed domains. 27% of studies (n = 7)
showed some concerns for risk of bias, and 11% of studies (n = 3)
showed domains with a high risk of bias. Al Osman et al. [74] compared
a biofeedback game against the same game with hidden feedback. They

also introduced participants to the game aim and relaxation strategies
through meditation in the biofeedback condition only. These conditions
were therefore visible to participants and could impact the outcome,
leading to some concerns in the domain of performance bias, even
though the sampling was reportedly counterbalanced. Alves et al. [75]
reported inconsistent empirical results (i.e. different effect sizes for the
same effect), which was judged a high risk for reporting bias. Andrew
and Chowanda [77] used strategies of unconcealed randomization,
did not report group comparisons for all outcome measures, and pro-
posed some conflicting operationalizations of similar measures (such
as negative valence through FER and positive affect through self-
report as desired outcomes), leading to a high risk in the domains of
detection and reporting bias and some concerns in selection bias. Blom
et al. [78] reported multiple outcome variables (preference, challenge,
immersion, frustration) through constructed self-assessment questions,
but only report descriptive differences for challenge, immersion, and
frustration without a statistical test to test these differences, which
indicates some risk in reporting bias. Liu et al. [91] provided a clear
methodology, but conducted some additional analyses and created
variables not previously justified, indicating some potential risk for
reporting bias. Parnandi et al. [95] missed some important information
in the process description (such as randomization, blinding, or how
knowledge of different interventions [such as affective game vs. deep
breathing exercise] was controlled in its potential to affect outcome).
It is not clear if all outcomes are sufficiently reported, as a statistical
test for group comparisons was not provided for all outcome variables,
indicating some concerns for reporting bias. Rodriguez-Guerrero et al.
[97] were not able to randomize participants across conditions, as
experimental data was compared to a previously conducted experiment.
Additionally, they provide very limited reports of group differences
for all outcome variables, indicating some concern for selection bias
and reporting bias. Rosa et al. [98] did not provide a clear analysis
plan (including number and types of outcome variables and statistical
tests), leading to some potential replication issues and a high risk for
reporting bias. Potential order effect due to missing counterbalance was
not discussed, indicating some concerns for selection bias. Salah et al.
[99] reported extremely large effects (>5 SD group difference), without
sufficient indications on the potential nature of these effects. Measures
such as “learning effect” were also not clearly defined, indicating some
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concerns regarding performance and detection bias. Finally, Tjokrosetio
and Chowanda [101] described an unconcealed randomization process,
leading to some concerns in selection bias. Additionally, the outcome
variable was tested by participants watching specific gameplay videos
without playing the tested games, leading to an unclear evaluation of
adaptation, as it was not described how emotion adaptation contributed
to changes in outcome variables.

5. General discussion

This study aimed at investigating the impact of affect-adaptive
games on various possible outcome variables through a systematic
review of high-quality evaluation studies of the field. To broaden
our understanding of the nature of these studies, both theoretical
assumptions regarding emotion research, and methodological concerns
were examined. 26 studies were identified that evaluate affect-adaptive
games against a form of control condition in an empirical context and
their contents were summarized.

5.1. The effects of adaptation

To judge whether or not emotional game adaptation can be seen
as effective, there are many variables that need consideration. In the
initial search, many studies were identified that describe methods to
achieve affect-adaptive adaptation, but many did not focus on evalua-
tion (n = 36), some did evaluate but either without a control condition
or only using case studies (n = 16). Still, the empirical evaluation
of affective games against controls has been a topic with increasing
interest, as 26 studies were identified, most of them published after
2017. These studies test a range of different adaptation mechanisms
in different genres of games, with different strategies to measure and
model emotions, and even different outcomes of interest.

The most investigated outcome related to at least some domains
of player experience. (PX) As a concept, player experience suffers
from the lack of a clear conceptualization and measuring standard,
which was mirrored by the abundance of different instruments to
measure PX aspects. Only recently, efforts have been made to test
and improve validity and reliability concerns. For example, Denisova
et al. [103] tested the underlying structure of the IEQ, GEQ, and PENS
and found considerable similarities, which make a clear distinction
between tested PX domains difficult. Similarly, Johnson et al. [104]
tested the factor structure of the GEQ and PENS and found they were
only partially replicable. Aspects of concepts like immersion and flow
show considerable overlaps, leading to further doubts about how many
and which domains PX consists of Michailidis et al. [105], influencing
the value of PX as a precise and valid research outcome and therefore
as a useful development concept. Because integrative and comparable
research becomes more and more important to evaluate effects, our
findings support the notion of the need of more unified concepts and
instruments, especially in terms of game evaluations.

Still, using PX as a broad overall category of interest, mostly positive
effects of affect-adaptive games have been reported. For example, Ak-
bar et al. [73] provided empirical evidence for PX improvements
through DDA using facial expression recognition for both a 2D plat-
former and 3D shooter and similar results were reported by Moniaga
et al. [92] for a 3D Hack and Slash game. Frommel et al. [84] used
in-game self-reported emotions to adapt difficulty in a 2D platformer,
leading to large effects. Nogueira et al. [94] extensively tested multiple
versions of affective adaptation through physiological data in a survival
horror game and identified many large PX domain improvements com-
pared to a non-adaptive game. Ibéfiez et al. [87] showed improved
presence for a virtual reality horror game with fear-adaptive music
against the same game with generic music.

There were some non-significant effects reported, which could in-
dicate mixed results regarding effect of adaptation. Many of these
however also indicate small sample sizes and a low statistical power,
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making it difficult to draw inferences. Darzi et al. [81] for example
found no effect on multiple PX domains, but included many conditions,
which led to a power of under 0.8 for any effect smaller than 1.1 SD.
A similar picture can be seen in the study from [82], who did not
find an effect against manual adaptation of difficulty, or Negini et al.
[93], who found no effect for PX reports, both showed a generally low
power. Jalbert and Rank [89] tested rapport with affect-adaptive NPCs,
but also was severely underpowered for any effect smaller than 1.4 SD.
While this does not necessarily mean that negative or non-effects are
always based on power, it is very difficult to interpret results that are
not sufficiently powered to uncover a range of effect sizes. The study
by Hernandez et al. [86] provides an exception; they had a large sample
size, but still found no effect of emotion-adaptation on PX. In this
particular study, emotion was measured through in-game behaviour
and classified based on designer-constructed rules, which introduces a
range of validity concerns regarding whether or not the affect-adaptive
game could truly be considered affect-adaptive (as this was not tested
using any validated emotion measure).

One important aspect to note is that while issues in statistical power
become immediately apparent in studies with non-conclusive results,
there are also issues in studies reporting significant results. Because
the observation of significant results with a small sample size means
that the observed effect is quite large, a high post-hoc power can be
misleading and should not be interpreted as strength of evidence [64].
In fact, most studies in this review only achieve a sufficient power
with large (0.8 SD) or very large (>1 SD) effects. Even if these are
found, issues in generalizability due to the small sample size should
be considered. Salah et al. [99] conducted a study with a low sample
size and found an extremely large adaptation effect for engagement (>5
SD). While it can be argued that there is no need for large samples if the
theorized effects are large enough to be observable, a small sample is
also less likely to represent a given population [64]. Extremely large
effects for small samples might lead to unreliable interpretations as
the same effect might not hold true for a general population. Studies
of Al Osman et al. [74], Blom et al. [78] and Liu et al. [91] have
similar issues and report large positive effects in at least some of the
observed outcome variables with a low sample size. Statistical power
was not explicitly discussed as a factor to justify sample size in any
of the examined studies, and neither was accuracy. It is important to
note that accuracy (i.e. width of confidence interval) can be seen as
a considerable concern with most of the studies (given the median
sample size of 24), making even significant effects potentially unrep-
resentative [106]. Additional concerns regarding generalizability and
replicability was the inconsistent reporting of basic demographic data
and descriptive statistics.

Studies that focused on affective outcomes reported positive to
mixed results. Lara-Alvarez et al. [90] provided evidence for successful
improvements in experiences of pleasant-high affective states in an
affect-adaptive learning game using pre-validated voice analysis. Stein
et al. [100] used an EEG-adaptive version of a 3D shooter and showed
higher long-term excitement values compared to the control version of
the game. Parnandi et al. [95] and Parnandi and Gutierrez-Osuna [96]
showed mostly no differences, comparing a relaxation training game
to a non-adaptive game and a deep breathing task condition with a
very low sample size, leading to a general conclusion that affective
games have promise in their ability to manipulate emotions through
context (e.g. the ability to create stressful situations), which cannot
be done with regular relaxation exercises, but the proper design and
development of affective games need further work to provide consistent
results. Rodriguez-Guerrero et al. [97] tested an affective against a
non-affective neurohabilitation game with a low sample size and found
inconclusive results, indicating complex affective relationships between
game materials, player data, and outcomes. Vachiratamporn et al.
[102] tested the effects of a fear-adaptive horror game in terms of
emotional reactions, which remained non-significant, possibly based on
a very low statistical power.
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Studies that focused on the effects on performance [79,80] reported
positive effects for shooting, puzzle, and exploration tasks in a 3D game
for an adaptive game compared to a non-adaptive game, using physi-
ological and face recognition information. In these particular studies,
it is argued that the combination of relevant information (in this case
affective information and playing style classification) to personalize
experiences could lead to the largest effect. The authors conclude that
there are still many unknown variables and interactions when it comes
to affective adaptation, but the initial promising data points towards
the potential of further research, especially research that reduces cost
and obtrusiveness of affective recognition and modelling. While much
more research exists, the theoretical and methodological differences
make clear comparisons and effect interpretations impossible and can
only lead to the conclusion that fundamental standards must be ap-
plied to better research affect-adaptation. While the reported effects of
affective games seem ultimately promising, it may be too soon to fully
evaluate them, given these barriers.

5.2. The role of emotion

All studies described a game that adapts its material to affective
information, which is either continuously or intermediately measured.
In general, affective states of interest can be considered emotional,
i.e. states with a relatively short duration and high intensity. While
the elicitation of certain moods (e.g. in horror games) was a particular
aim, all studies measured and adapted to data relating to emotional
reactions, either measuring physiological responses (through HR, HRV,
EDA, EMG, or EEG), behavioural responses (through FER, gesture
analysis, or voice analysis), or subjective feelings (through self-reports).

Mostly depending on the measurement instruments, the inferred
emotional states are either considered as dimensional or distinct con-
structs with states of interest that are considered useful for a particular
game adaptation. For example, some studies [95,96] focus on emo-
tional arousal, measured through physiological arousal in an effort
to create games for relaxation training. Others [73,78-80,101] use
facial expression analysis to measure distinct emotional states, such
as fear, joy, anger, or sadness. One of the main concerns when it
comes to emotion measures is the inability of a single instrument to
accurately reflect the complex nature of an emotion in its entirety [46].
Inferences made from one or multiple measures are also subject to
different sources of variation, such as dispositional differences and
current context [34,107]. That means that the validity of the emotion
recognition system is highly dependent on the following factors: The
measurement instrument, the emotion conceptualization, the given
context, and individual differences. As the study by Rodriguez-Guerrero
et al. [97] shows, even well-established affective qualities (in this case
dimensions of valence, arousal, and dominance), measured through a
combination of instruments (such as HR and EDA), can lead to poor ac-
curacy. Still, the majority of studies (n = 16) did not explicitly test how
well a certain measure predicted the target state and, instead, built the
emotion recognition system on theoretical assumptions. While some of
the assumptions have considerable representation in the literature, such
as the association between physiological and emotional arousal [53],
others are highly contested. For example, there is no clear consensus
on which true emotional states are represented well through facial
expressions [108]. Researchers (e.g. [73,92]) may therefore interpret
potentially non-distinct facial expressions (such as smile and smirk)
as distinct emotional states. Another contested point is how and if
distinct emotional states could be mapped to affective dimensions (e.g.
[77]), as dimensional and distinct theoretical frameworks of emotions
often have vastly different theoretical bases [20]. Finally, the exact
relationship between a physiological measure and an affective state is
not clear for every individual and context [34], so the relationship is
hard to interpret without concrete mappings that some of the studies
did not provide [79,80,89,100]. While basing decisions on contested
assumptions can be in some cases useful, especially in providing more
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insight into fundamental psychology research, without explicit validity
testing, there is a risk in unknowingly misinterpreting ambiguous data.
In the study by Ibafiez et al. [87], the gesture-based emotion recogni-
tion was tested indirectly by classifying participants who encountered
a predefined “emotion-inducing” room within the game world and
accuracy was only sufficient to distinguish between participants who
visited the fear room or participants who visited any other room.
Given a specific game and audience, such an approach could provide
a way to adapt between two affective states, although it is unclear if
these states truly represent the targeted fear vs. no fear states. Alves
et al. [75] combined measures indicating fear and frustration into a
combined emotional state to increase accuracy, although the theoretical
and practical implications of such a state are not discussed.

The explicit (and direct) testing of measures given a game context
and player base has in some of the analysed studies been used to
improve emotion recognition strategies: Ewing et al. [82] described
a 2-step process, first establishing relationship between measures and
target emotions and then designing adaptations. Frommel et al. [84]
measured the feeling of a target emotion through self-reports, which
directly reflected the base of potential adaptation. Liu et al. [91]
based their study specifically on anxiety and established methods to
accurately predict anxiety in a preceding experiment. To ensure theo-
retically valid mappings, the relationship between a proposed emotion
model and a given measured emotion component not only supports
valid predictions, but also provides the opportunity to focus on any
emotional state that might be of interest for game design, including
complex emotions like shame or pride. In this sense, designers are
not limited to measuring concepts with more established physiological
correlates (such as emotional arousal), especially given the influences
of context and individual differences that justify testing in any case.

Still, emotion recognition is only a part of the adaptation process.
A game is only truly adaptive if it changes in a way that elicits a target
emotion, which closes the feedback-loop [60]. Again, most investigated
studies make theoretical assumptions regarding such an elicitation pro-
cess. Most notably, many studies propose affective difficulty adjustment
based on the flow model [12,13], which proposes the existence of
an optimal experience (lying between dimensions of boredom and
frustration) when challenge and skill of a game are balanced. As a
consequence, many of the studies chose to adapt difficulty aspects of
games (such as health, enemy behaviour, platform size, game speed,
etc.) to achieve an optimal experience. But not only is flow a conceptu-
ally ambiguous construct in psychology [109], the precise relationship
between skill, challenge, and flow is unknown [110]. Furthermore, it
is hard to assess whether or not a given adaptation was successful,
if fundamental and untested assumptions must be made (e.g. smaller
platforms lead to challenge, which leads to frustration). Again, as
all emotional reactions, elicitation has been found to be dependent
on individual and contextual factors, both in perspectives that argue
for basic, innate emotions [45], and in perspectives that argue for
constructed emotions [46]. This is not only true for ambiguous concepts
such as flow, but all emotions. Hernandez et al. [86] based their
adaptation purely on the designer’s ability to infer emotional states
from made choices, which might have led to the observed lack of
adaptation effects. Ibafiez et al. [87] assumed specific relationships
between game elements and six basic emotions based on Ekman and
Keltner [41] (e.g. light and flowers for joy, insects and slime for disgust)
and used these assumptions to train emotion classifiers.

Again, the explicit (and direct) testing of eliciting material given a
game context and player may be necessary to avoid unclear mappings
between game materials and emotions. For example, Darzi et al. [81]
tested the ability of different game characteristics to elicit the targeted
emotional changes in a preceding test. Such a process could provide
similar benefits as testing the relationship between emotions and mea-
surement instruments. Moreover, if the relationship between the target
emotional state and the game material is clear, adaptation can be based
on very specific, pre-defined rules that are not based on potentially
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Complete list of studies included in the review with summaries of aims, methods, and conclusions.
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Authors

Aims/Objectives

Methods

Results and conclusions

Akbar et al. [73]

To develop and evaluate a game
balancing system based on facial
expression recognition with the

aim to enhance player experience.

Two groups of 30 participants (68% male)
played either a 2D platformer or 3D shooter
in two conditions: Affect-adaptive vs.
non-adaptive. Participants answered a
subsequent player experience

questionnaire [66].

The adaptive versions of both genres
showed significant improvements in
experience domains such as immersion,
flow, challenge, and positive affect. No
differences were found negative affect and
only for the 2D platformer for competence.

Al Osman et al.
[74]

To prove practicality of
ubiquitous biofeedback serious
games by developing and
evaluating a physiology-based
stress management game.

Exp 1: 15 participants (60% male; mean
age 33.47 years) played a biofeedback game
with stressful/relaxing tasks to test if
physiological stress corresponded to game
adaptation. Exp 2: 12 participants (58%
male; mean age 33.92) played an adaptive
vs. non-adaptive version for 5 days each
and answered a post-treatment
questionnaire.

The game demonstrated a good reflection of
physiological stress as presented in
experiment 1. Experiment 2 showed that the
adaptive version provided a better mental
stress reduction over five days. Limitations
are discussed in terms of generalizability.

Alves et al. [75]

To develop a mental
state-adaptive FPS and evaluate
the adaptation against
performance-based adaptation in
terms of enjoyment and scoring.

21 participants (76% male); age range
19-27; efforts made to validate affective
measurement and emotion elicitation
through the game before evaluation;
participants played affect- and
performance-adapted game with HR and
EEG sensors and answered adapted
GEQ [76] questions (5 items).

Performance-based adaptation resulted in
significantly higher flow-experience scores
and significantly better performance
compared to affect-adaptation. Discussion
states small sample size and lack of
generalizability as possible reasons, as well
as the limited number of predicted affective
states.

Andrew and
Chowanda [77]

To apply emotion-based difficulty
adjustment based on facial
recognition to a horror game to
improve player satisfaction.

31 participants (unspecified demographics)
played two versions of a survival horror
game: One with difficulty adjustment based
on facial expressions and one without.
Evaluation was based on number of
observed positive and low-arousal emotions.

The adaptive game provided significantly
less observed positive valence-emotions and
low-arousal emotions, which is argued to
show a successful fear experience.
Descriptive and qualitative data was
provided to show good player satisfaction
for the adaptive game.

Blom et al. [78]

To develop an online game
difficulty personality system
based on Facial Expression
Analysis (FEA) and evaluate it
within a popular platformer.

Exp 1: 38 participants (47% male); mean
age 35.1; participants played through three
versions of an Arcade game with FEA
sensors to evaluate prediction of perceived
difficulty; Exp 2: 10 (without head pose
analysis) and 25 (with head pose analysis)
(80% male); participants played a static and
personalized version of a 2D platformer and
rated their preference.

Perceived difficulty was measurable through
FEA, which provided the possibility to
create an heuristic online personalization
system that was preferred by players when
used in a 2D platformer, compared to a
static game version. Similar results were
found for a modelling approach that
includes head pose analysis.

Bontchev and
Vassileva [79]

To clarify how affect-based game
adaptation can improve implicit

recognition of playing styles and
performance within a 3D puzzle

game.

30 participants (60% male); mean age 31;
participants played a 3D puzzle game with
and without affective-adaptation controls in
a randomized order and answered a
post-game questionnaire indicating playing
styles and adaptation enjoyment.

Recognition of playing styles yielded a good
accuracy within a game combining affective
and performance adaptation. The adaptive
version of the game showed higher
performance and good enjoyment ratings.
Limitations are discussed in terms of
generalizability.

Bontchev and
Georgieva [80]

To propose and test a linear
regression-based model to
recognize player styles and test it
within an affect-adaptive game.

Exp 1: 34 participants (53% male); mean
age 26.85; participants played through an
adaptive and non-adaptive VR puzzle game
and answered playing style

questionnaires [111,112]. Exp 2: 30
participants (60% male); mean age 31.87;
same setup to validate playing-style
recognition.

Playing style recognition through
affect-related and gameplay data was
achieved with an accuracy between 73%
and 84% and adaptation based on affective
data led to improvement in effectiveness,
efficiency, and difficulty of a puzzle game.
Combination of affective adaptation and
playing style-adaptation is recommended.

Darzi et al. [81]

To compare five difficulty
adjustment methods in a video
game, including manual, random,
performance-based,
personality-performance-based
and physiology-personality-
performance-based.

50 participants (74% male; mean age 25.1)
played one of five game versions which
adapts difficulty: (a) manually, (b)
randomly, (c) performance-based, (d)
personality-performance-based, (e)
physiology-personality-performance-based.
Experience was measured through Intrinsic
Motivation Inventory [67] and Flow
Experience Measure [68].

Physiology-based affective adaptation did
not lead to an improvement in game
experience, compared to any other group.
Physiology-based adaptation may show
promising results in validation studies but
do not guarantee user
experience-improvements, even if all
affective relationships are tested in a
preceding open loop study.
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Ewing et al. [82]

To develop and validate a
psychophysiological model
between a player and a game and
apply it to an affect-adaptive
game.

Exp 1: 20 participants (45% male; age
range 19-36) played Tetris with EEG
sensors equipped, followed by subjective
questionnaires; Exp 2: 10 participants (40%
male) played 3 affect-model adaptive game
versions and a manual-adaptive version for
difficulty adjustment and answered affective
and player experience

questionnaires [69,83]

The presented 2-step process to associate
physiological data to psychological construct
resulted in valid predictions for cognitive
demand and effort using EEG measures. The
evaluated adapted game showed no
improvement in most of the used experience
measures. Results are discussed in their
utility of a conceptual process model to
develop theory-based affective games.

Frommel et al. [84]

To propose an approach of
emotion-based difficulty
adjustment using self-report
measures and evaluate it
empirically.

66 participants (73% male; mean age 30)
played a 2D platformer with
emotion-adaptive difficulty, increasing
difficulty, and fixed difficulty. Differences
are reported in terms of the Intrinsic
Motivation Inventory [67] and the Player
Experience Inventory [70].

The emotion-adaptive game shows increased
player experience ratings compared to both
control groups. Additionally, in-game
dialogue-based subjective emotion measures
showed a high accuracy. Limitations are
discussed in terms of more possible
comparison groups (such as
performance-based).

Hernandez et al.
[86]

To implement and evaluate an Al
experience manager to keep
players on a predefined emotion
trajectory within a narrative
video game.

Exp 1: 294 participants (50% male; mean
age 19) played either a game managed by
the PACE AI experience manager or by a
random model and rated their experience
scores. Exp 2: 39 participants (41% male;
mean age 20); same setup as Exp 1, but
with a preceding calibrating task [71].

Experiment 1 showed no statistical
difference between groups, possibly based
on a missing calibration as a form of
reference. As a consequence, Experiment 2
introduced a calibration task, but again
there were no significant differences
observed, leading to inconclusive results.

Ibafiez et al. [87]

To test if gestures can be used to
recognize emotional states and
adapt music to these states using
a VR game.

22 participants (67% male); mean age
29.09; participants; participants played
either an adaptive (gesture-based fear
recognition to change music) or
non-adaptive VR game and rated presence
via the SUS [88].

Head gesture was found sufficient to detect
fear, but no other emotional state.
Fear-adaptive music in a VR world was
shown to increase perceived presence of
players compared to a control game.
Limitations are reported in terms of the
system’s responsiveness.

Jalbert and Rank
[89]

To assess the usefulness of
physiological data to increase
rapport with NPCs in an action
RPG.

16 participants (63% male; age range
18-34) were assigned to either a adaptive
or non-adaptive game version utilizing EMG
and EDA data to change NPC behaviour.
Rapport was measured with 3 items on a
9-point likert scale.

Evaluation showed no difference in rapport
ratings between adaptive and control group,
but qualitative questions indicate enjoyment
of the adaptation.

Lara-Alvarez et al.
[90]

To propose and evaluate an
educational game with affective
induction through a fuzzy system
analysing performance and
emotional states.

40 participants (unspecified demographics)
played both an educational game with
linear and with affective difficulty
adjustment based on voice recordings.
In-game performance and emotional
reactions are used as evaluation.

A previously tested emotion classified
showed medium to high accuracy for
valence and arousal dimensions. The
adaptive game showed significant
improvements in experience of
pleasant-high states and reduction in
unpleasant-low states. Adapting both
difficulty and aesthetics was considered a
promising approach.

Liu et al. [91]

To design and implement an
affect-based difficulty adjustment
system based on anxiety measures
and evaluate its effect.

Exp 1: 15 participants (47% male; age
range 18-34) played six sessions of Pacman
over two months while physiological data
(HR, EMG, EDA) and subjective reports of
anxiety were assessed to create an emotion
model. Exp 2: 9 participants (unspecified
demographics) played both a
performance-based and anxiety-based
adapted game and answered questions
about their anxiety, enjoyment, challenge,
and perceived performance.

Anxiety was accurately predicted (88%)
with the created emotion model (Regression
Tree) through a combination of
physiological measures. Significant
improvements for enjoyment, challenge, and
perceived performance was reported for the
affect-adaptive game compared to the
performance-adaptive, with no significant
difference for reported anxiety.

Moniaga et al. [92]

To test is facial expression
recognition can be used to
dynamically balance a game and
enhance the experience.

32 participants (unspecified demographics)
played both a facial expression-adaptive and
non-adaptive game and answered the
Immersive Experience Questionnaire (20
items; Jennett et al. [69])

After a initial survey, a simple Hack and
Slash game was designed with dynamic
balancing based on facial expression
recognition. The adaptive version showed
improvements for the challenge and player
experience domain in the follow-up
questionnaire.
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Negini et al. [93]

To create and evaluate an
affective game engine to test how
player abilities, enemy design,
and environment influences
performance and effect.

16 participants (34% male; age range
18-32) played through four game
conditions (control, player adapted, NPC
adapted, environment adapted) with
EDA-based adaptation. Dependent measures
included skin conductance response, game
performance, and player experience [14,67].

Results show that the adapted versions of
the game were more physiologically
arousing, indicating successful
arousal-adaptation. Results on player
experience scales reveal no effect of
adaptation. NPC-based adaptation was
reported to be especially ineffective as
enjoyment-reduction was observed.
Limitations are discussed in terms of
generalizability.

Nogueira et al. [94]

To develop and test a procedural
horror game that adapts to
affective physiological states.

24 participants (67% male; mean age 22.5)
tested three versions of a horror game with
physiological measures (EDA, EMG, HR,
HRV): A symbiotic adaptive version
(in-game character mirrors player affects), a
affective difficulty adjustment, and a
non-adaptive version. Participants then
answered the Game Experience
Questionnaire [66].

The adaptive game versions showed
improved ratings on the domains of
immersion, tension, positive affect, and
negative affect compared to the
non-adaptive game. It was also reported
that game adaptation was successful in
shifting player experiences. Further analyses,
including qualitative data, provides
evidence for the interindividual differences
in emotional experiences and elicitation
effects of emotion-adaptive materials.

Parnandi et al. [95]

To develop and evaluate an
adaptive biofeedback game that
teaches relaxation skills by
monitoring players’ breathing
rates.

9 participants (78% male; age range 22-33)
performed a Stroop colour test, and then
played either a biofeedback relaxation
game, performed deep breathing, or played
a traditional game. Physiological data was
assessed through HRV and EDA during a
follow-up stress-inducing task.

The adaptive game was reported to show
good skill transfer in terms of relaxation
training and showed significant
improvement in terms of physiological
arousal compared to the other groups. The
main benefit of the adaptive game is
reported to be the ability to create stressful
situations while training relaxation skills.

Parnandi and
Gutierrez-Osuna
[96]

To present an evaluate an
adaptive biofeedback game for
teaching self-regulation of stress.

25 participants (60% male; age range
19-33) tested an emotion-adaptive game
using three modalities (EDA, HRV,
breathing rate) against a deep breathing
treatment and a non-adaptive game after a
baseline breathing phase. Performance and
physiological data was assessed in a
follow-up stress-inducing task.

There were mixed results reported,
indicating positive but non-significant
improvement in breathing rate and
performance for the adapted game versions
versus the control, and significant
physiological arousal improvement for the
breathing rate-adaptive game versus the
control game. Results are discussed in terms
of the potential of games to manipulate
arousal-inducing material to train relaxation
skills, but more studies seem necessary.

Rodriguez-Guerrero
et al. [97]

To present a biocooperative game
control architecture for haptic
assistance and difficulty
adaptation through physiological
affective data.

Exp 1: 6 participants (83% male; mean age
30.5) played a VR rehabilitation game
while their physiology (HR, Skin
temperature, EDA) and subjective
experience were measured. Exp 2: 11
participants (73% male; mean age 30.5)
played an affect-adaptive game and
physiological, subjective, and performance
data was compared to a previous study.

The preceding open-loop experiment
showed generally poor correlations between
subjective experience and physiological
data, providing more evidence about their
complex relationship. A mix of multiple
physiological measures was used to adapt
the game in Experiment 2, leading to
improved but non-significant valence and
dominance scores, compared to the control
game. Mapping between subjective and
objective data, as well as game data
remains inconclusive.

Rosa et al. [98]

To compare three approaches for
difficulty adjustment (affective,
performance-based, combined) in
their ability to promote flow and
test game characteristics as a
mean of successful adaptation.

Exp 1: 20 participants (age range 18-24)
played a 2D platformer on different
difficulty levels and rated the perceived
difficulty. Exp 2: 36 participants (61% men;
age range 18-25) tested a affective
(EDA-based), performance-based, combined,
and control version of a 2D platformer
while their performance and preference was
measured. Exp 3: 155 participants (81%
male; age range 15-65) tested the same
game without adjustment, with adjustment
through platform size, through jump height,
and a combined version and then rated
their experience.

Experiment 1 provided insights about what
difficulty adjustments were successful in a
2D platformer, leading to the manipulation
of platform size and jump height, which
was tested in Experiment 3 against no
modification with no effect on player
experience. Adaptation test showed
improvement in performance for the
difficulty adjustment models, compared to
the control, but no effect for player
experience ratings.
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Salah et al. [99]

To develop educational games
with affect-adaptive difficulty and
interfaces and evaluate its effects
in terms of learning gain and
player engagement against a
non-adaptive version.

30 participants (67% male); mean age 19
years; participants played either subjective
feeling-adaptive and non-adaptive game
with pre-test and post-test learning and
engagement questionnaires.

Adaptive-game group showed a significantly
higher learning increase, as well as higher
engagement. Adaptive version showed
balance between skill and challenge and
adaptation in time limit and background
music showed most promise.

Stein et al. [100]

To evaluate the practicality of
dynamic difficulty adjustment
through EEG-measured excitement
in a 3D shooter.

Exp 1: 8 participants (87% male; age range
22-28) played a 3D shooter with EEG
sensors attached to test game-physiology
relationship; Exp 2: 24 participants (92%
male; age range 20-29) played through 4
versions of the game (learning,
EEG-adaptive, fixed-interval based on mean
EEG trigger time, non-adaptive) and
answered a subjective experience
questionnaire.

The first experiment showed good
correlations between game events and EEG
data. The second experiment showed higher
excitement with the EEG-adaptive games
compared to the other groups. The
fixed-interval version was rated higher than
the non-adaptive version in terms of
enjoyment.

Tjokrosetio and
Chowanda [101]

To improve NPC believability
using facial expression recognition
and to provide an empirical
validation of the results.

52 participants (86% male; mean age
25.59) watched gameplay videos of an
adapted vs. non-adapted NPC character in a
3D action RPG and evaluated the
adaptation via the Character Believability
Questionnaire and an interview.

The adapted version showed a higher
emotional range compared to the
non-adaptive version and scored higher in
all character believability domains, except
predictability.

Vachiratamporn
et al. [102]

To develop an affective survival
horror game based on a
previously developed state
prediction model and evaluate its
effects against a non-adaptive
version.

12 participants (92% male); age range
22-36; pre-validated emotion classification;
participants played adaptive and
non-adapted game with HR and facial
expression sensors and answered 5-point
scale items regarding fear, fun, and
difficulty.

Non-adaptive version showed higher ratings
compared to adaptive version in fun, fear,
and difficulty, although these differences
remained non-significant. Results are
discussed in terms of limited
generalizability and possible problematic
elicitation methods.

contentious assumptions and address concerns of interindividual and
intraindividual differences in emotion processing.

Overall, the nature of emotions given modern theories, including
emotion component expressions, and the implications of theoretical
perspectives are not thoroughly addressed in almost all studies, leading
to potential theoretical uncertainties, influencing the observed results.

5.3. Limitations

Overall, the analysed studies differ in many ways, which makes a
clear analysis of the effect of emotion-adaptation not yet possible. In
fact, the differences in methodological approaches, lack of effort to en-
sure generalizability, and lack of effort to reduce risk of bias add to the
already present problems of comparability. Meta-analytical strategies,
which are seen as one of the best way to aggregate scientific knowl-
edge [113], are difficult to conduct, not only because of differences
in approaches and theoretical perspectives (such as outcome variables
of interest or emotion models), but also because of differences in
methodologies that should be universally prevalent, such as shared and
precise PX conceptualizations, appropriate measures, well-constructed
and powered experiments, and the sufficient reporting of data. This
study therefore was not able to conduct a meta-analysis and limits itself,
as a consequence to the data at hand, to descriptive evaluations of
some of the theoretical and methodological inconsistencies and trends
in reported effects.

6. Conclusion

This review provides aggregated evidence regarding the effects,
evaluation methods, and theoretical assumptions of affect-adaptive
video games. Not only were mixed effects observed in the investigated
studies, a large variance in methodological approach and theoretical
justifications was observed, leading to many open questions regarding
affective games. This systematic review adds to the body of evidence
uncovering gaps in research and practice when it comes to games that
adapt to player emotions.

Many of the described studies describe their main contribution as
the development and exploration of technological solutions regarding
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emotion recognition and adaptation and not in the evaluation of affect-
adaptive games. This review specifically analysed the evaluations in
terms of emotion-theoretical assumptions, methodologies, and findings.
From such a perspective, it is clear that more work is required to
draw certain conclusions regarding the three main aspects of affective
gaming as defined by Hudlicka [6], i.e. emotion sensing, modelling,
and adaptation. It may not be the case that technological barriers
limit the amount of conclusive data in the field, but theoretical and
methodological barriers. The research standards regarding adaptation
evaluation shared between studies are limited, especially in regards
to generalizability. Ambiguous constructs, measured through instru-
ments with unknown reliability are often used as outcome variables
to evaluate adaptive games and there is a large variance between
studies that makes it apparent that the meaning of these constructs
(especially relating to player experience) is lacking consensus. Simi-
larly, emotion-theoretical details are insufficiently integrated into the
research process, leading to potentially erroneous practices in regards
to applying emotion theories. The strongest support for the potential of
affect-adaptive games in enhancing player experiences, performance, or
health lies in studies that specifically test their affective assumptions
in terms of: (a) measures of affective data and their relationship to
the target emotion; and (b) adapted game materials used to elicit
emotions and their relationship to the target emotion. Following such a
process gives game designers and researchers the opportunity to gather
more information, address concerns regarding influences of individual
differences and context on emotional reactions, and avoid making
assumptions based on contentious emotion-theoretical perspectives. As
many of the described studies show, affect adaptation can be con-
sidered as promising if the design and evaluation process is robust.
Overall, the currently available body of studies suffer however from
theoretical and methodological inconsistencies and a lack of applied
research standards. Future studies in the field need to tackle these
problems by applying rigorous methods to empirically test their effects
and any debated theoretical assumption they make (for example how
well the game design choices elicit the target emotion and how well
the measures can assess it). As it stands, the current body of evidence
cannot be used to draw fixed conclusions about the effects of affect-
adaptive video games, but should rather be used to guide and motivate
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future research that could bring us closer to the proposed benefits
discussed in the successful studies.
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