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The development of complex problem-solving (CPS) skills is essential for addressing real-world challenges. This
systematic review explores how entertainment games — although primarily designed for leisure — can foster
cognitive CPS skills through engaging gameplay. By examining existing methodological frameworks, the study
identifies specific gameplay features that promote both player engagement and CPS skill development, ad-
dressing a significant gap in current research. By integrating game-centric and player-centric perspectives, the
study applies Work System Theory and Cognitive Work Analysis to systematically extract, code, and interpret
gameplay elements and mechanics in terms of psychological processes relevant to CPS. Key findings reveal 12
gameplay features with configurations that promote engagement and enable uncertainty management, a core
aspect of CPS. In addition, 10 evidence-based design guidelines are presented to support the development and
evaluation of games that balance entertainment and learning outcomes. This work contributes to research in
the field of game-based learning by providing a novel, theoretically grounded approach to the development
of games that effectively integrate engagement and the development of cognitive CPS skills.

1. Introduction scenarios, depending on the contextualizations of the game, such as
the settings and narratives that underpin the gameplay activities (Boyle
et al., 2016; Clark et al., 2016; Fabricatore & Lopez, 2019; Granic,
Lobel, & Engels, 2014; Hobbs, Brown, & Gordon, 2006; McClarty
et al., 2012). Finally, this learning process is intrinsically motivated by
the game goals, contextualizations and mechanics (Egenfeldt-Nielsen,
2006; Fabricatore, 2000; Gee, 2003; Mitchell & Savill-Smith, 2004;
Prensky, 2002).

Based on the combination of these factors, gameplay learning has
emerged as a desirable learning experience (Guay, Ratelle, & Chanal,
2008; Habgood, Ainsworth, & Benford, 2005; Malone & Lepper, 1987;

Digital games are considered promising alternatives to traditional
educational environments to promote modern learning processes and
outcomes (Boyle et al., 2016; Fabricatore & Lopez, 2019; Gee, 2003;
Prensky, 2003; Whitton, 2014; Wouters, Van Nimwegen, Van Oosten-
dorp, & Van Der Spek, 2013). For decades, researchers have investi-
gated the facilitation of meaningful learning through the use and de-
velopment of both educational games (i.e. games specifically designed
to promote learning) (Abt, 1987, Avila-Peséntez, Rivera, & Alban,
2017; De Freitas, 2018; Fabricatore, Gyaurov, & Lopez, 2020; Rieber,
1996; Squire, 2005) and entertainment games (i.e., games designed

for recreational purposes) (Clark, Tanner-Smith, & Killingsworth, 2016;
Jayakanthan, 2002; Martinez, Gimenes, & Lambert, 2022; McClarty
et al., 2012; Paraskeva, Mysirlaki, & Papagianni, 2010).

Game research has revealed that good entertainment games, com-
pared to educational games, can engage players in highly motivating
experiences that foster what is known asgameplay learning. This type of
learning integrates the development of knowledge, attitudes and cog-
nitive, social and practical skills needed to achieve game goals (Boyle
et al., 2016; Connolly, Boyle, MacArthur, Hainey, & Boyle, 2012; Fab-
ricatore, 2018; Gee, 2003; Vlachopoulos & Makri, 2017). Additionally,
gameplay learning facilitates the transfer of these skills to real-world
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Shernoff & Csikszentmihalyi, 2009) that needs to be investigated in
order to understand which specific gameplay features in entertainment
games promote player engagement on the one hand and transferable
learning processes on the other (Boyle et al., 2016; Clark et al., 2016;
Connolly et al., 2012; Granic et al., 2014; Martinez et al.,, 2022;
Prensky, 2002).

Building on the concept of gameplay learning, it becomes evident
that entertainment games can generate a variety of learning out-
comes (Biggs & Collis, 2014; Fabricatore & Lopez, 2019; Ivanitskaya,
Clark, Montgomery, & Primeau, 2002; Tynjald, 1997). Among these, the
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development of cognitive capabilities necessary to engage in complex
problem-solving (CPS) is considered the most relevant for address-
ing real-world challenges (Dorner & Funke, 2017; Fabricatore et al.,
2020; Fischer, Greiff, & Funke, 2011; Funke, Fischer, & Holt, 2018;
Schneider & McGrew, 2018). CPS is defined as a self-regulated process
that requires a problem solver to continuously identify, achieve, and
maintain desirable goal states in dynamically changing environments,
by iteratively adjusting and executing action plans in response to in-
complete and uncertain information (Dorner & Funke, 2017; Dorner &
Wearing, 1995; Fischer et al., 2011; Funke et al., 2018). Cognitive CPS
capabilities are essential to cope with uncertain scenarios that typically
arise in our increasingly complex world, and their development should
be a priority of modern education (Bowser, Gretzel, Davis, & Brown,
2014; Dorner & Funke, 2017; Fabricatore & Lépez, 2019; Ozbekhan,
Jantsch, & Christakis, 1970).

However, developing cognitive CPS capabilities in formal learn-
ing environments presents significant challenges (Dorner & Funke,
2017; Fabricatore et al., 2020; Fabricatore & Lopez, 2019; Jonassen
& Rohrer-Murphy, 1999). Similarly, educational games have struggled
to effectively foster these skills (Gyaurov, Fabricatore, & Lopez, 2020;
Proulx, Romero, & Arnab, 2017; dos Santos, Strada, & Bottino, 2018;
Wouters & Van Oostendorp, 2017). In contrast, entertainment games
offer unique opportunities due to their potential to engage players
in complex scenarios that can elicit cognitive CPS capabilities and
motivate their application and development (Eseryel, Law, Ifenthaler,
Ge, & Miller, 2014; Fabricatore et al., 2020; Gyaurov, Fabricatore, &
Bottino, 2021; Whitton, 2014). Therefore, it is important to understand
which gameplay features designed to promote player engagement in
entertainment games can also support the development of cognitive
CPS capabilities, and how. To our knowledge, this type of analysis is
lacking in the current state of the art. Although the field of game
research has produced a variety of methodological frameworks for
analyzing and designing entertainment gameplay features that can pro-
mote player engagement (e.g., Avedon, 1981; de Byl, 2015; Hunicke,
Leblanc, & Zubek, 2004; Kiili, Lainema, de Freitas, & Arnab, 2014;
Raybourn, 1997; Sweetser & Wyeth, 2005), few frameworks address
the learning impacts of these features (Deterding, 2015; Fabricatore,
2018; Fabricatore, Gyaurov, & Lopez, 2019), and none of them focus
specifically on CPS.

In light of these observations, this paper presents a systematic
review of the available methodological frameworks for the analysis
and design of entertainment games. The review aims at investigating
which gameplay features present in entertainment games can promote
player engagement in uncertain gameplay scenarios as well as the
development of cognitive CPS capabilities through gameplay learning,
and how such features should be configured to achieve this purpose.

To this end, we conducted a systematic review of existing method-
ological frameworks and identified and analyzed relevant gameplay
features through a two-stage process combining descriptive and inter-
pretative content analysis. The analysis draws on both game-centric and
player-centric perspectives: the former focuses on structural game ele-
ments and gameplay mechanics (Fabricatore, 2018; Fabricatore et al.,
2019; Larsen & Schoenau-Fog, 2016; Sicart, 2008), while the latter
examines psychological processes and motivational affordances that
drive player engagement (Bernhaupt, 2010; Ryan, Rigby, & Przybylski,
2006). These perspectives were operationalized using a bespoke coding
scheme based on three complementary theoretical lenses: Work System
Theory (WST) (Alter, 2013), Cognitive Work Analysis (CWA) (Roth &
Bisantz, 2013), and the Cattell-Horn—Carroll (CHC) theory of cognitive
capabilities (Schneider & McGrew, 2018).

This integrative framework allowed us to examine how specific
gameplay features, as described in the literature reviewed, contribute
to engagement and provide opportunities for developing CPS skill
development, in particular, by enabling or demanding uncertainty man-
agement. This systematic review is guided by the following research
questions:
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» RQ1: Which gameplay features are suitable to simultaneously promote
player engagement and cognitive CPS capabilities?

* RQ2: How should these gameplay features be configured to promote
player engagement?

* RQ3: How should these gameplay features be configured to promote
cognitive CPS capabilities?

In addition, the following research question aims to examine the
methodological soundness of the analyzed frameworks:

* RQ4: What are the theoretical or conceptual underpinnings of different
frameworks?

To address these questions, we conducted a systematic review in
line with PRISMA guidelines (Page et al., 2021) and based on a pre-
registered protocol (Gyaurov, Fabricatore, & Bottino, 2022). The re-
view followed a four-stage methodological process: (1) comprehensive
database searches in ACM Digital Library, IEEE Xplore, Scopus, and
Web of Science to identify relevant studies; (2) application of prede-
fined eligibility criteria to select methodological frameworks focused
on entertainment games; (3) data extraction and coding of gameplay
features using a bespoke schema informed by Work System Theory,
Cognitive Work Analysis, and the Cattell-Horn—Carroll theory of cogni-
tive capabilities; and (4) descriptive and interpretative content analysis
to examine how gameplay features promote engagement and support
CPS capabilities. This structured process provides a clear overview of
the methodological flow, which is reported in detail in Section 2.

To our knowledge, this is the first systematic attempt to identify spe-
cific gameplay features in entertainment games that can promote both
player engagement and the development of cognitive CPS skills (Neil,
2012; Neves & Zagalo, 2021). By bridging design-oriented and learning-
oriented perspectives, our work contributes to filling a gap in the
current literature and complements previous reviews that have ad-
dressed general gameplay features (Almeida & Silva, 2013; Caroux,
Isbister, Le Bigot, & Vibert, 2015), isolated factors of player experi-
ence (Avila-Pesantez et al., 2017; Boyle et al., 2016), or domain-specific
applications such as history and science education (Ghulamani, Shah,
& Khowaja, 2020; Tsai & Tsai, 2020).

Beyond promoting theoretical understanding, this review offers a
practical contribution. Building on the findings, we formulate a set of
evidence-based guidelines for configuring gameplay features that can
support CPS-related learning while maintaining player engagement.
These guidelines are intended to help researchers and practitioners (a)
identify relevant gameplay features in existing games, (b) repurpose
such features for educational goals focused on CPS, and (c) design
new games that provide engaging and cognitively demanding scenarios.
The chosen methodological approach — a combination of theory-based
descriptive analysis and interpretative techniques — provides a novel
lens for investigating the intersection of gameplay design and complex
learning processes.

2. Methods

The systematic review was planned and reported based on the
PRISMA (Preferred Reporting Items for Systematic reviews and Meta-
Analyses) checklist (Page et al., 2021), presented in Appendix A.
PRISMA checklist. A protocol for this systematic review was prospec-
tively published (Gyaurov et al., 2022), therefore this section presents
the published methods while highlighting changes made since the
publication of the protocol.

2.1. Eligibility criteria
The eligibility criteria of the systematic review were based on the

research questions proposed in the Introduction. Studies were included
in the review if they:
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Table 1

General characteristics codes (GCC).
Code ID General characteristic Description
(GCC1) Authors The names of the authors who developed the framework.
(GCC2) Publication year The year in which the framework was published.
(GCeC3) Name The name of the framework.
(GCC4) Perspective Whether the framework adopted a player-centric and/or a game-centric approach.
(GCC5h) Purpose Whether the framework aimed at supporting game analysis and/or game design.
(GCCo) Underpinning The formal theoretical and/or conceptual underpinnings of the framework.
(GCC7) Impact The empirical and/or methodological applications of the framework.
(GCC8) Target games The types of digital and/or analog games addressed by the framework.

EC1: presented a methodological framework for the analysis and de-
sign of entertainment games;

EC2: had been written in English;

EC3: were peer-reviewed journal articles, book chapters, or confer-
ence papers (thus, excluding editorials, abstracts, posters and
panel discussions);

had been published between January 1, 2000 and June 30, 2023;
were demonstrably impactful papers that either (a) advanced
empirical studies (e.g., an original or a modified methodology or
instrument applied to conduct a case study), or (b) informed the
formulation of other methodological papers (e.g., an extension
of a theory or an adaptation of an instrument).

EC4:
ECS5:

The focus of this study is set on entertainment games because
gameplay learning processes in these types of games (a) can enable
transferability of knowledge, attitudes, and skills developed in-game
to real-world scenarios, depending on the game contextualizations
(e.g., settings and narratives underpinning gameplay activities) (Boyle
et al,, 2016; Clark et al., 2016; Fabricatore & Lopez, 2019; Granic
et al.,, 2014; Hobbs et al., 2006; McClarty et al., 2012); and (b) are
completely intrinsically motivated by the game goals, contextualiza-
tions, and mechanics (Egenfeldt-Nielsen, 2006; Fabricatore, 2000; Gee,
2003; Mitchell & Savill-Smith, 2004; Prensky, 2002). Both of these
factors are essential for the development of cognitive CPS capabilities,
as highlighted in the Introduction.

2.2. Information sources

ACM Digital Library, IEEE Xplore, Scopus, and Web of Science were
the four databases searched for eligible studies on 4-8 September 2023.
The reference lists of the included articles were manually searched
on 11-13 September 2023 to identify further eligible studies (Horsley,
Dingwall, & Sampson, 2011; Page et al., 2021).

2.3. Search strategy

The search strategy followed an iterative approach (Lockwood et al.,
2017), consisting of generating and revising: (a) a pool of key search
terms; (b) generic query strings based on the identified key search
terms; and (c) the syntax for each database based on the generic
query strings. First, the pool of key search terms was formulated by
analyzing titles, abstracts and keywords of articles in Scopus that
present methodological frameworks for the analysis and design of
entertainment games (e.g., de Byl, 2015; Hunicke et al., 2004; Sweetser
& Wyeth, 2005). Next, these search terms were conceptually organized
based on the research questions (e.g., games, features, framework,
analysis, design, etc.), and were iteratively expanded to include syn-
onyms, variants, and related terms (e.g., videogames and gameplay,
models and approaches, elements and mechanics, development and
evaluation, etc.). Lastly, considering the inclusion criteria and based
on the expanded search terms, generic query strings were created and
translated into the required database syntax. The full search strategy is
presented in Appendix B. Search strategy.

2.4. Selection process

The selection of studies for review was done by two reviewers in two
stages (i.e., title and abstract screening, and full-text review), following
the PRISMA protocol (Page et al., 2021). First, duplicates were removed
and records were consolidated in a Zotero (Corporation for Digital
Scholarship, 2022, 2022) database. Then, the titles and abstracts of
the remaining articles were independently screened by two reviewers
based on the eligibility criteria. Next, for each remaining study, a full-
text assessment and a research impact evaluation were collaboratively
performed by both reviewers. Finally, to identify additional relevant
articles, the list of references of each selected study was analyzed (Hors-
ley et al.,, 2011; Moher et al.,, 2015). Disagreements were resolved
through discussion between the two reviewers and evaluated by a
third independent reviewer when necessary (Barbour, 2001; Berends
& Johnston, 2005).

2.5. Data coding and extraction

The included studies were examined through an inductive qualita-
tive content analysis approach (Hsieh & Shannon, 2005), applying a
template analysis technique (King, 1998, 2012). Template analysis is
a form of thematic content analysis that uses an iteratively-developed
coding schema to identify and classify themes in a text, and code and
extract relevant data accordingly (King, 1998, 2012).

The coding schema used in this review was defined suitably to
identify and analyze gameplay features that may promote both player
engagement, i.e., engagement in goal-directed and action-mediated
gameplay processes (Fabricatore, 2018), and cognitive CPS capabilities,
i.e., ability to engage in the uncertainty management process (Dorner
& Funke, 2017; Fischer et al.,, 2011). To improve the reliability of
the data coding and extraction process, the schema was formulated by
two reviewers through a collaborative and iterative process, defining
and revising data coding items and coding criteria while cyclically
extracting data relevant to describe the reviewed frameworks and
the involved gameplay features (Cornish, Gillespie, & Zittoun, 2013;
Patton, 2014; Perreault Jr & Leigh, 1989; Richards & Hemphill, 2018;
Shenton, 2004). In addition, a third reviewer independently validated
the coding schema and the extracted data at each iteration (Barbour,
2001; Berends & Johnston, 2005). The schema ultimately comprised the
data items described in Section 2.6, and was based on the theoretical
underpinnings and rationale detailed in Section 2.6. The full coding
schema is presented in Appendix C. Coding Schema.

2.6. Data items

2.6.1. General characteristics of frameworks
The general characteristics of each methodological framework were
coded and extracted based on the data coding items in Table 1.
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Work system elements

Participants

The individuals who perform work in a
work system

Customers

The individuals who benefit from the
products/services in a work system

Processes and activities

The ways in which work is performed
in a work system

Strategies

The enterprise, department and work
system goals and objectives

Products/services

The beneficial results of the processes
and activities in a work system

Technologies

The tools used by participantsin a
work system

Infrastructure

The resources used by a work system
and shared with other work systems

Information

The data that is created, used and
processed in a work system

Environment

The organizational and cultural
context of a work system

SN
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Game system elements

Players

The individuals who play a game and
are rewarded as a result

Gameplay process

The iterative goal-driven plans and
actions of players in a game

Gameplay artifacts

The tools, barriers and agents that
mediate player actions in a game

Information flows

The information cues generated by
player interactions and by the game

Gameplay schemas

The rules that govern the interactions
between a player and a game

Gameplay context

The physical, historical and socio-
cultural conditions in a game

Fig. 1. Adapted work system elements (Alter, 2013) to game system elements (Fabricatore, 2018; Gyaurov et al., 2021, 2020).

2.6.2. Gameplay features of frameworks

In order to analyze gameplay features, bespoke data coding items
were developed based on the Work System Theory (WST) (Alter,
2013), the Cognitive Work Analysis framework (CWA) (Roth & Bisantz,
2013), and the Cattell-Horn—Carroll theory of cognitive capabilities
(CHQ) (Schneider & McGrew, 2018), according to the following ratio-
nale.

The WST was leveraged to identify the gameplay features comprised
in each reviewed framework, and describe their reported structure and
engagement functions. The WST was adopted because: (a) it models
goal-directed activities as processes involving tasks that are defined
by key environmental conditions and performed by actors by using
goal-relevant tools and knowledge (Alter, 2013), which is a suitable
approach to analyze game systems (Fabricatore, 2018; Fabricatore
et al., 2019); and (b) it provides formal approaches for analyzing key
work system elements (defined in Fig. 1) and their function to enable or
hinder task performance (Alter, 2013), which is necessary to examine

the potential effects of gameplay elements on player engagement (Fab-
ricatore, 2018; Fabricatore et al., 2019). To examine gameplay features
based on the WST, work system elements (Alter, 2013) were mapped
to game system elements (Fabricatore, 2018) as presented in Fig. 1.
The CWA framework and CHC theory were leveraged to analyze
how each gameplay feature could demand or support cognitive pro-
cesses relevant to managing uncertainty and engaging in CPS. The CWA
framework was chosen because it provides formal methods for identi-
fying cognitive processes involved in goal-directed activities and how
the elements interacting in a work system may facilitate or hinder these
processes (Roth & Bisantz, 2013). CHC theory conceptualizes the cog-
nitive skills required to manage uncertainty that should be demanded
and supported to promote engagement in CPS sub-processes (Schneider
& McGrew, 2018). These sub-processes include perception, hypotheses
formulation, hypothesis selection, and hypothesis testing. By integrat-
ing these frameworks, we identified the cognitive sub-processes of
uncertainty management that are likely to be associated with each
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gameplay feature and analyzed how these features may demand and
support the associated cognitive sub-processes.

Based on this rationale, data coding items and guiding questions
were formulated to code, extract, and analyze data that characterize
gameplay features. These items (i.e. characteristics of gameplay fea-
tures (CGF) and their descriptions) and questions were designed to
uncover how gameplay features afford player engagement in the game-
play process and their ability to engage in uncertainty management
processes:

» (CGF1) Definition of gameplay feature:

— Description: Structural game elements (i.e., game artifacts
comprised in the feature); gameplay mechanics (i.e., game
rules that define the functions of the feature); and/or psy-
chological processes (i.e., aspects of the player experience
elicited by the feature), as reported by the study.

— Guiding questions: What game artifacts represent the fea-
ture, what game rules define the functions of the feature,
and/or what aspects of the player experience are elicited by
the feature, according to the study?

+ (CGF2) Engagement configuration of the gameplay feature:

- Description: The characteristics that structural game el-
ements and gameplay mechanics involved in the feature
should present in order to promote player engagement in
gameplay processes, as reported by the study.

— Guiding questions: Which attributes and behaviors of the
feature should be configured in order to promote player
engagement, according to the study?

» (CGF3) Engagement function of the gameplay feature:

— Description: The psychological processes elicited by the
feature to promote player engagement in gameplay pro-
cesses, as reported by the study.

— Guiding questions: How can the feature foster player en-
gagement, according to the study?

» (CGF4) Work system elements:

— Description: Gameplay system elements identified based on
the mapping presented in Fig. 1.

— Guiding questions: Which elements of a work system are
comprised in each engagement configuration proposed for
the feature?

» (CGF5) Uncertainty management configuration of the gameplay fea-
ture:

- Description: The characteristics that structural game el-
ements and gameplay mechanics involved in the feature
should present in order to promote uncertainty management
by increasing or decreasing uncertainty during gameplay.

— Guiding questions: Which attributes and behaviors of the
feature should be configured in order to increase or decrease
uncertainty?

» (CGF6) Uncertainty management function of the gameplay feature:

— Description: The effects that increased or decreased uncer-
tainty may have on, respectively, demanding or support-
ing the ability to engage in the uncertainty management
process.

— Guiding questions: How can the feature demand or sup-
port the ability to engage in the uncertainty management
process?

Computers in Human Behavior Reports 20 (2025) 100811
2.7. Data analysis

The data analysis process consisted of a descriptive and an interpre-
tative phase (King, 1998, 2012).

First, we wanted to perform a descriptive analysis to characterize
gameplay features. In this phase, the data extracted from the articles
were categorized based on the definition of the gameplay feature, its en-
gagement configuration, and its engagement function. However, differ-
ent methodological frameworks use different conceptual and syntactic
approaches to define gameplay features and describe their configura-
tions and functions, which poses a challenge in examining, comparing
and linking features from different frameworks.

To address this issue, we developed a bespoke descriptive syn-
tax to standardize the description of all features, enable a consistent
analysis and comparison of gameplay features and ensure a coherent
examination across different frameworks. The adopted syntax is the
following:

» (CGF1) Definition of gameplay feature: “Gameplay Feature X
refers to ...”

- Example: “Relatedness” refers to the player’s need for
social connection with other players and artificial intelli-
gence, (Ryan et al., 2006);

(CGF2) Engagement configuration of the gameplay feature:
“Gameplay Feature X should be configured to provide ...” or
“Gameplay Feature X should emerge from game elements that
provide ...”

— Example: “Relatedness” should emerge from game ele-
ments that provide player-player and player-Al interac-
tions, (Ryan et al., 2006);

(CGF3) Engagement function of the gameplay feature: “The config-
uration of Gameplay Feature X may enable players to ...”

- Example: The configuration of “Relatedness” may enable
players to feel connected with other players and Al, (Ryan
et al., 2006).

Examples of the findings of the descriptive analysis stage exe-
cuted through this process are presented in Tables 5 and 6 in Sec-
tion 3.3.1 (see Appendix F. Full list of engagement-inducive gameplay
features (Table 12) and Appendix G. Full analysis of engagement-
inducive gameplay configurations and functions (Table 13) for the
complete analysis).

Next, the interpretative analysis phase started with assessing the
descriptive sufficiency of the extracted configurations and functions
from the previous stage, guided by the following question: “Does
the study report sufficient information to understand how the game-
play feature configuration can promote player engagement?” Then,
the gameplay features assessed as suitably-described were categorized
based on the work system elements adapted to a game system (Fig. 1).
An example of the result of this process of the interpretative analysis
stage is presented in Table 5 in Section 3.3.1 (see Appendix F. Full list
of engagement-inducive gameplay features (Table 12) for the complete
analysis).

Finally, based on CHC theory (Schneider & McGrew, 2018), prop-
erties, engagement functions and work system elements associated to
each gameplay feature were analyzed to interpret how the feature could
enable uncertainty management, inferring uncertainty management
configuration, and uncertainty management function of the gameplay
feature. To this end, a standardized descriptive syntax was developed,
as follows:

» (CGF5) Uncertainty management configuration of the gameplay fea-
ture: “If the presence, causes, effects, or rules of the uncertainty
phenomena X are concealed or revealed ...”
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Table 2
General characteristics of frameworks.
Author, Year Framework Pers. Purpose Games Underpinning Impact
Costello & Play framework P A, D Digital+ C: MDA framework (Hunicke E (Costello & Edmonds,
Edmonds, 2009 et al.,, 2004); T: Model of player 2007), M (Pereira &
attitudes (Caillois, 2001), Roque, 2012)
Instrumentalist theory of play
(Groos, 1901)
de Byl, 2015 Conceptual affective P D Digital-C T: Affective computing M (Sekhavat, Sisi, &
design framework framework (Picard, 1999) Roohi, 2021)
Desurvire & Wiberg, Game usability heuristics 1 A, D Digital C: Heuristics for evaluating E (Phan, Keebler, &
2009 (PLAY) playability (Desurvire, Caplan, Chaparro, 2016), M (Phan
& Toth, 2004) et al., 2016)
Desurvire et al., Heuristics for evaluating I A, D Digital N/A: Gameplay sessions E (Phan et al., 2016), M

2004 playability (HEP)

(Phan et al., 2016)

Note: (1) Perspective: (P) — Player-centric; (I) — Integrative; (2) Purpose: (D) — Design; (A) — Analysis; (3) Games: (Digital) — Digital games; (Digital+) — Digital and
non-digital games; (Digital-C) — Computer games; (4) Underpinning: (T) — Theoretical; (C) — Conceptual; (N/A) — Neither theoretical nor conceptual; (5) Impact: (E) —

Empirical studies; (M) — Methodological studies.

— Example: If the causes and effects of the relationship be-
tween the local and global game context are revealed ...,
(Fabricatore, 2018);

» (CGF6) Uncertainty management function of the gameplay feature:
“... then players may be enabled or required to perceive, formulate
a set of hypotheses about, choose one from the set of hypotheses about,
or test the chosen hypothesis about the hidden presence, causes,
effects, or rules of the uncertainty phenomena X”

- Example: ... then players may be required to formulate a
set of hypotheses about the hidden rules of the relationships
between the local and global context, (Fabricatore, 2018).

These categories and related items were analyzed using the cod-
ing schema (King, 1998, 2012) and examples are presented in Ta-
ble 7, in Section 3.3.2 (see Appendix H. Full analysis of Uncertainty
management affordances (Table 14) for the complete analysis).

3. Results
3.1. Study selection

A total of 9355 records were identified across the four databases
searched. The searches in Scopus, Web of Science, IEEE Xplore, and
ACM Digital Library resulted in 4665, 3388, 1080, and 222 identified
records, respectively. In addition, nine records were manually identi-
fied and added from other sources. This total of 9355 records was first
reduced to 5116 by removing duplicates. Afterward, by screening titles
and abstracts, 4964 records were excluded. The remaining 152 articles
were assessed by following the eligibility criteria from Section 2.1. By
reviewing these 152 articles, 78 were excluded because they did not
present a new methodological framework for the analysis and design of
entertainment games, and 52 were excluded because the methodolog-
ical frameworks they presented had no demonstrable impact (e.g., to
either advance empirical studies or inform the formulation of other
methodological papers). The remaining 22 studies were included in the
template analysis for the systematic review. Details of the selection
process are summarized in the PRISMA flow diagram shown in Fig.
2 (Page et al., 2021).

3.2. General characteristics of frameworks

Table 2 presents examples of the general characteristics of the
studies selected for full review, analyzed based on the schema in Table
1 (see Appendix D. Full list of general characteristics of frameworks
(Table 10) for the complete analysis).

The 22 studies reviewed were published between 2000 and 2019,
each through a single article. Concerning the perspective of the pre-
sented frameworks, 11 adopted a player-centric approach (Costello &
Edmonds, 2009; de Byl, 2015; Dillon, 2011; Ermi & Mayré, 2005; Fabri-
catore, 2007; Hochleitner, Hochleitner, Graf, & Tscheligi, 2015; Pereira
& Roque, 2012; Ryan et al., 2006; Sweetser & Wyeth, 2005; Tondello,
Wehbe, Orji, Ribeiro, & Nacke, 2017; Yee, 2006); seven a game-centric
perspective (Fabricatore, Nussbaum, & Rosas, 2002; Harris, Hancock,
& Scott, 2016; Hunicke et al., 2004; Khalifa, Silva, & Togelius, 2019;
Ralph & Monu, 2015; Xu et al., 2011; Zagal, Nussbaum, & Rosas, 2000);
and four integrated both (Desurvire et al., 2004; Desurvire & Wiberg,
2009; Fabricatore, 2018; Walk, Gorlich, & Barrett, 2017). In terms of
the purpose of the frameworks, all 22 were intended for the design
of games, while 13 also aimed at supporting game analysis (Costello
& Edmonds, 2009; Desurvire et al., 2004; Desurvire & Wiberg, 2009;
Dillon, 2011; Ermi & Maéyra, 2005; Fabricatore, 2018; Hochleitner
et al., 2015; Hunicke et al., 2004; Ralph & Monu, 2015; Ryan et al.,
2006; Sweetser & Wyeth, 2005; Tondello et al., 2017; Yee, 2006).

All 22 frameworks targeted digital games, with the following sub-
categories emerging: (i) two frameworks targeted both digital and
non-digital games (e.g., board games, card games, and sports) (Costello
& Edmonds, 2009; Hunicke et al., 2004); (ii) two frameworks focused
exclusively computer games (de Byl, 2015; Sweetser & Wyeth, 2005);
(iii) two frameworks targeted multiplayer games (Harris et al., 2016;
Zagal et al., 2000); (iv) one framework addressed handheld augmented
reality games (Xu et al., 2011); and (v) one framework targeted online
games (Yee, 2006).

Regarding framework underpinnings, five frameworks (de Byl, 2015;
Fabricatore, 2018; Ryan et al., 2006; Sweetser & Wyeth, 2005; Yee,
2006) relied on established theories, e.g., self-determination theory
(Ryan & Deci, 2000) and flow theory (Csikszentmihalyi, 1990); six
frameworks (Desurvire & Wiberg, 2009; Harris et al., 2016; Hochleitner
et al., 2015; Ralph & Monu, 2015; Walk et al., 2017; Zagal et al., 2000)
had conceptual underpinnings, e.g., the MDA framework (Hunicke
et al., 2004) and the Elemental Tetrad (Schell, 2008); three frame-
works had both theoretical and conceptual underpinnings (Costello &
Edmonds, 2009; Dillon, 2011; Pereira & Roque, 2012); and eight frame-
works had neither theoretical nor conceptual underpinnings, and were
based on data from either gameplay sessions, analyzed games, or player
surveys (Desurvire et al., 2004; Ermi & Mayréd, 2005; Fabricatore, 2007;
Fabricatore et al., 2002; Hunicke et al.,, 2004; Khalifa et al., 2019;
Tondello et al., 2017; Xu et al., 2011).

In relation to the demonstrable impact of each framework, four were
used in empirical studies (Dillon, 2011; Hochleitner et al., 2015; Khalifa
et al., 2019; Yee, 2006), five informed methodological articles (de Byl,
2015; Fabricatore et al., 2002; Harris et al., 2016; Ralph & Monu, 2015;
Walk et al., 2017), and 13 lead to both empirical and methodological
papers (Costello & Edmonds, 2009; Desurvire et al., 2004; Desurvire &
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Fig. 2. PRISMA flow diagram of study selection process.

Wiberg, 2009; Ermi & Mayra, 2005; Fabricatore, 2007, 2018; Hunicke
et al.,, 2004; Pereira & Roque, 2012; Ryan et al., 2006; Sweetser &
Wyeth, 2005; Tondello et al., 2017; Xu et al., 2011; Zagal et al., 2000).

3.3. Gameplay features from frameworks

3.3.1. Descriptive analysis of engagement-inducive gameplay features

A total of 184 gameplay features were identified through the analy-
sis of the 22 frameworks included for full revision, as outlined through
examples in Table 3 (see Appendix E. Full list of analyzed gameplay
features (Table 11) for the complete analysis). Based on the data
coding items and guiding questions presented in Section 2.6.2, game-
play features were identified as framework elements reported either
as structural components (SC) of a game, e.g., “Entity” (Fabricatore
et al., 2002), gameplay mechanics (GM) (e.g., “Branching” Khalifa
et al., 2019), or psychological processes (PP) that should be involved
in a game in order to enhance the player experience (e.g., “Emotional
Experience” de Byl, 2015).

Following examination of the reported gameplay feature configu-
rations, a total of 172 features were excluded from further analyses
because their descriptions were deemed insufficient to analyze how
each feature should be configured to foster uncertainty management
capabilities (see Table 4 for an example of such assessment).

In contrast, the 12 gameplay features (example in Table 5 and
complete list in Appendix H. Full analysis of Uncertainty manage-
ment affordances (Table 14)) were selected because of their detailed
descriptions.

These descriptions allowed identifying (i) the work system elements
involved in each feature, (ii) the recommended properties and rela-
tionships of these elements to promote player engagement (i.e., the
feature’s engagement-inducive configuration); and (iii) how these ele-
ments could be used to promote uncertainty management by manip-
ulating the type and amount of information provided to the player
(i.e., the feature’s uncertainty management configuration). Table 6
presents examples of the descriptive analysis of these features, in-
cluding their engagement configuration and function (see Appendix
G. Full analysis of engagement-inducive gameplay configurations and
functions (Table 13) for the complete analysis).

3.3.2. Interpretative analysis of uncertainty management affordances
Following the review methodology, these features (Appendix F. Full
list of engagement-inducive gameplay features (Table 12)) underwent
an interpretative analysis to assess their potential for fostering cogni-
tive capabilities required to manage uncertainty in complex problem
scenarios (example presented in Table 5). This analysis involved two
steps. First, the engagement-inducive gameplay configurations of the
selected features were analyzed to identify the involved work system
elements, based on the mapping in Fig. 1. Examples of these results
are presented in Table 6 (see Appendix G. Full analysis of engagement-
inducive gameplay configurations and functions (Table 13) for the
complete analysis). Second, engagement-inducive gameplay configura-
tions, functions and related work system elements were jointly analyzed
by applying cognitive work analysis techniques. Based on CHC the-
ory (Schneider & McGrew, 2018), this analysis explored how each
feature could be further manipulated to demand or support uncertainty
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Framework Gameplay features

Costello &
Edmonds, 2009

Creation (PP), Exploration (PP), Discovery (PP), Difficulty (PP), Competition (PP), Danger (PP), Captivation (PP),
Sensation (PP), Sympathy (PP), Simulation (PP), Fantasy (PP), Camaraderie (PP), Subversion (PP)

de Byl, 2015
Emotional Experience (PP)

Mind-Body Interaction (PP), Fast Primary Emotions (PP), Cognitive Appraisals (PP), Emotional Behavior (PP),

Desurvire & Wiberg,

Enduring Play (GM, PP), Challenge, Strategy and Pace (GM), Consistency in Game World (GM), Goals (GM), Variety of

2009 Players and Game Styles (GM, PP), Players Perception of Control (PP), Emotional Connection (PP),
Coolness/Entertainment (PP), Humor (PP), Immersion (SC), Documentation/Tutorial (GM), Status and Score (SC, GM),
Game Provides Feedback (SC, GM), Terminology (GM), Burden On Player (GM), Screen Layout (SC), Navigation (GM),
Error prevention (SC, GM), Game Story Immersion (SC, GM)

Desurvire et al.,
2004

Game Play (GM), Game Story (GM), Game Mechanics (GM), Game Usability (GM)

Note: (PP) — psychological processes; (GM) — gameplay mechanics; (SC) — structural components.

Table 4
Examples of excluded gameplay features.
Ref. Gameplay feature Engagement
configuration

Engagement function

Exclusion rationale

Dillon, 2011

“Self Identification”
refers to an instinct
that pushes players to
admire successful and
smart characters.

Provide relatable and
capable characters in
the game.

Enable players to
model themselves based
on game characters.

There are multiple ways to
configure “Self Identification”,
but the most suitable one is
not specified, described or
justified by the authors.

Hunicke et al.,
2004

“Dynamics” refers to
the behaviors of
mechanics that respond
to player input or to
the output of other

Provide workflow and
feedback systems to
players.

Enable players to have
aesthetic experiences.

There are multiple ways to
configure “Dynamics”, but the
most suitable one is not
specified, described or
justified by the authors.

mechanics.
Walk et al.,, “Interface” refers to Provide a report Enable players to There are multiple ways to
2017 game elements that system, graphic assets, perceive every element configure “Interface”, but the
communicate the game sound assets, cut of the game world. most suitable one is not
world to the player. scenes, and text on specified, described or
display. justified by the authors.
Table 5

Engagement-inducive gameplay features.

Ref. Gameplay feature

Definition

de Byl, 2015 Emotional Experience

Emotional Experience refers to the present and continuous emotions of players.

Table 6
Engagement-inducive gameplay configurations and functions.

Ref. Gameplay Work system elements Engagement configuration Engagement function
feature

de Byl, 2015 Emotional Players, Gameplay Emotional Experience should be configured to This configuration of Emotional
Experience artifacts, Gameplay provide, in a timely, persistent and clear way, display Experience may enable players

schemas, Info flows

signs of battles on the avatar, and persistent effects of

of the inventory, screenshots of significant events,

to recall emotions from their
gaming journey.

player actions on the game world.

Emotional Experience should be configured to
provide, in a timely, persistent and clear way, NPCs
that either help players complete tasks or form

This configuration of Emotional
Experience may enable players
to become emotionally attached

long-term relationships with players. to NPCs.

management cognitive capabilities by concealing or revealing infor-
mation to players (i.e., gameplay features functioning as uncertainty
management affordances).

Most features have multiple configurations and functions, since
uncertainty management is a multi-phase process. Gameplay features
can be configured to either decrease or increase uncertainty in the
game (e.g., the effects of unpredictable behaviors of entities can be
either revealed, leading to decreased uncertainty, or concealed, leading
to increased uncertainty). When uncertainty is decreased by revealing
information related to the presence, causes, effects, or rules of a game-
play phenomenon, then players may be supported to engage in one
of the four uncertainty management sub-processes, i.e., (a) perception,
(b) hypotheses formulation, (c) hypothesis selection, and (d) hypothesis

testing (Magnani, 2009; Schneider & McGrew, 2018; Walton, 2014). On
the other hand, if uncertainty is increased by concealing information
related to the four key aspects of a gameplay phenomenon, then players
may be demanded to engage in the uncertainty management sub-
processes. An example that articulates the configurations and functions
as if-then statements is presented in Table 7 (see Appendix H. Full
analysis of Uncertainty management affordances (Table 14) for the
complete analysis)

4. Discussion

The objective of this systematic review was to identify gameplay
features suitable to promote both player engagement and cognitive
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Uncertainty management affordances.
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Ref Gameplay Uncertainty Uncertainty management function
feature management
configuration
de Byl, 2015 Emotional (IMS7) If the rules of then players may be required to perceive the hidden causes and effects of changes to
Experience changes to the the inventory, avatar state, or persistent game world.

inventory, avatar
state, or persistent
game world are
concealed

then players may be required to formulate a set of hypotheses about the hidden
causes and effects of changes to the inventory, avatar state, or persistent game world.

then players may be required to choose one from the set of hypotheses about the
hidden causes and effects of changes to the inventory, avatar state, or persistent
game world.

(IMS7) If the rules of
changes to the
inventory, avatar
state, or persistent
game world are
revealed

then players may be enabled to perceive the hidden causes and effects of changes to
the inventory, avatar state, or persistent game world.

then players may be enabled to formulate a set of hypotheses about the hidden
causes and effects of changes to the inventory, avatar state, or persistent game world.

then players may be enabled to choose one from the set of hypotheses about the
hidden causes and effects of changes to the inventory, avatar state, or persistent
game world.

Note: (IMS) — Information management strategies (Section 4.2).

CPS capabilities, by examining relevant methodological frameworks for
entertainment game analysis and design. To achieve this objective, the
review was guided by the following research questions:

* RQ1: Which gameplay features are suitable to simultaneously promote
player engagement and cognitive CPS capabilities?

* RQ2: How should these gameplay features be configured to promote
player engagement?

* RQ3: How should these gameplay features be configured to promote
cognitive CPS capabilities?

* RQ4: What are the theoretical or conceptual underpinnings of different
frameworks?

To address RQ1, this review employed a two-step approach. First,
a rigorous content analysis of 22 relevant game analysis and design
frameworks identified gameplay features suitable to promote player
engagement. Second, these features were examined to determine their
potential for also fostering cognitive CPS capabilities. This analysis
resulted in the identification of 12 engagement-inducive gameplay fea-
tures listed and described in full in Appendix F. Full list of engagement-
inducive gameplay features (Table 12) (e.g., “Emotional Experience”,
“Core Schemas”, etc.). These features represent a valuable starting
point for game designers seeking to create experiences that are both
engaging and promote CPS skills.

Building upon the identified engagement-inducive features in Ap-
pendix F. Full list of engagement-inducive gameplay features (Table
12), this review addressed RQ2 by identifying the properties that
each feature should present in order to promote player engagement,
as described in the respective game design and analysis framework.
As a result, engagement-inducive configurations and functions were
defined in Appendix G. Full analysis of engagement-inducive game-
play configurations and functions (Table 13). These configurations and
functions effectively answer the second research question (e.g., “Entity
should be configured to provide, in a timely, persistent and clear
way, coherent roles, abilities, behaviors, and attitudes of entities with
related contextual and explicit, audio and visual information”). Hence,
Appendix G. Full analysis of engagement-inducive gameplay configu-
rations and functions (Table 13) provides valuable guidance for game
designers seeking to maximize player engagement through specific
feature implementation.

To address RQ3, this review employed a theory-based interpretative
analysis to understand which of the features described in Appendix
G. Full analysis of engagement-inducive gameplay configurations and
functions (Table 13) could also promote cognitive CPS capabilities and
how. This analysis was aimed at inferring how each feature could be
configured to demand or support the various sub-processes of uncer-
tainty management, a key aspect of CPS. The results of this analysis,

presented as uncertainty management affordances in Appendix H. Full
analysis of Uncertainty management affordances (Table 14), effectively
answer RQ3. For example, concealing the effects of unpredictable entity
behaviors might require players to formulate hypotheses about the
underlying causes and rules governing these behaviors.

Finally, RQ4 was addressed by extracting in Appendix D. Full list
of general characteristics of frameworks (Table 10) the theoretical
and conceptual underpinnings of the analyzed frameworks (e.g., MDA
framework Hunicke et al., 2004; Model of player attitudes Caillois,
2001; Instrumentalist theory of play Groos, 1901).

Beyond directly addressing the research questions, the method-
ology of this systematic review also yielded insights with broader
implications for game-based learning and CPS research. The following
subsections discuss the combined implications and contributions arising
from both the answers to the research questions and these additional
findings. This will provide a more holistic understanding of the review’s
significance for the field.

4.1. Implications for game design and analysis

This review offers a valuable resource for game designers and
analysts interested in promoting both player engagement and cognitive
CPS capabilities. Appendix G. Full analysis of engagement-inducive
gameplay configurations and functions (Table 13) and Appendix H. Full
analysis of Uncertainty management affordances (Table 14) provide a
novel inventory of gameplay features that can be leveraged for this
purpose. These tables address three key aspects:

1. Identifying suitable features: Appendix G. Full analysis of
engagement-inducive gameplay configurations and functions (Ta-
ble 13) identifies features that can simultaneously promote
engagement and foster CPS cognitive skills (e.g., “Entity”, “Chal-
lenge”).

2. Engagement stimulation:

Appendix G. Full analysis of engagement-inducive gameplay
configurations and functions (Table 13) details how each feature
should be configured to promote player engagement (engagement
configuration), and explains the underlying mechanisms that sup-
port the effectiveness of each configuration (engagement func-
tion).

3. Uncertainty management: Appendix H. Full analysis of Un-
certainty management affordances (Table 14) highlights how
each feature can be manipulated to demand or support the four
sub-processes of uncertainty management (perception, hypothesis
formulation, hypothesis selection, and hypothesis testing). To this
end, the table presents, for each feature, recommended uncer-
tainty management configurations, and the underlying mechanisms
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Table 8
Information management strategies (IMS).

Strategy ID Description

IMS1 Reveal/conceal information concerning the presence of an uncertain phenomenon UPI, to enable/require
players to engage in uncertainty management processes concerning the presence of another uncertain
phenomenon UP2.

IMS2 Reveal/conceal information concerning the causes of an uncertain phenomenon UPI, to enable/require
players to engage in uncertainty management processes concerning the causes of another uncertain
phenomenon UP2.

IMS3 Reveal/conceal information concerning the effects of an uncertain phenomenon UPI, to enable/require
players to engage in uncertainty management processes concerning the effects of another uncertain
phenomenon UP2.

IMS4 Reveal/conceal information concerning the rules of an uncertain phenomenon UPI, to enable/require
players to engage in uncertainty management processes concerning the rules of another uncertain
phenomenon UP2.

IMS5 Reveal/conceal information concerning the causes of an uncertain phenomenon UPI, to enable/require
players to engage in uncertainty management processes concerning the effects and rules of the same
uncertain phenomenon UPI.

IMS6 Reveal/conceal information concerning the effects of an uncertain phenomenon UPI1, to enable/require
players to engage in uncertainty management processes concerning the causes and rules of the same
uncertain phenomenon UPI.

IMS7 Reveal/conceal information concerning the rules of an uncertain phenomenon UPI, to enable/require

players to engage in uncertainty management processes concerning the causes and effects of the same

uncertain phenomenon UPI.

supporting the effectiveness of each configuration (uncertainty
management functions).

These findings empower game designers to incorporate these features
and configurations into new game designs. Additionally, game analysts
can leverage this information to identify and evaluate features within
existing games, ultimately facilitating the selection and adoption of
games presenting features that promote both player engagement and
CPS development.

4.2. Information management strategies for configuring uncertainty-
management features

The uncertainty management configurations in Appendix H. Full
analysis of Uncertainty management affordances (Table 14) were for-
mulated using the seven information management strategies (IMS)
detailed in Table 8. These strategies all focus on increasing or decreasing
player uncertainty by revealing or concealing information concerning
the four key aspects of an uncertain phenomenon, i.e., presence, causes,
effects and/or rules (Magnani, 2009; Schneider & McGrew, 2018; Wal-
ton, 2014), in order to enable or require players to engage in specific
uncertainty management processes (perception, hypothesis formula-
tion, selection, and testing) concerning the same or another uncertain
phenomenon.

The first set of strategies (IMS1-IMS4) influences player engagement
with one phenomenon by revealing or concealing information about
presence, causes, effects or rules of another phenomenon. For instance,
in Appendix H. Full analysis of Uncertainty management affordances
(Table 14), Branching (Khalifa et al., 2019) demonstrates this: revealing
mechanics (i.e. rules) to enter accessible pathways can enable players
to formulate hypotheses about hidden rules for opening inaccessible
pathways (applying IMS4).

The second set (IMS5-IMS7) focuses on a single phenomenon. In
this case, information about specific aspects (causes, effects or rules) is
revealed or concealed to influence player engagement with other un-
certain aspects. For example, concealing the effects of unpredictable Al
behaviors (Challenge feature Hochleitner et al., 2015) can require play-
ers to perceive hidden causes and rules behind the behavior (applying
IMS6).

The proposed information management strategies represent a valu-
able tool for game designers and analysts. They can leverage these
strategies to:
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1. Evaluate Information Management: Assess if a gameplay fea-
ture manages information effectively to promote uncertainty
management sub-processes.

2. Design New Games for CPS: Create games that stimulate spe-
cific cognitive skills by manipulating information according to
the identified strategies.

3. Identify Existing Games with CPS Affordances: Utilize these
strategies to identify existing games that implicitly promote CPS
development through their information management practices.

For example, designers interested in creating games to foster the
understanding of hurricanes can stimulate and facilitate the formula-
tion of hypotheses concerning the rules hurricanes through providing
players with information about a) the rules underpinning an ongoing
hurricane (e.g., its speed and movement patterns), applying IMS4 to
stimulate prediction of rules underpinning future hurricanes; b) causes
of an ongoing hurricane (e.g., visualizing the motion of low-pressure air
masses through a moisture-rich tropical area), applying IMS2 to facil-
itate the prediction of future hurricanes; or (c) effects of an ongoing
hurricane (e.g., dune erosion along a coast), applying IMS3 to facilitate
the anticipation of effects of future hurricanes.

4.3. A tetrad model of game system elements

Work system elements involved in the reviewed gameplay features
(Appendix F. Full list of engagement-inducive gameplay features (Table
12)) were analyzed based on the model presented in Fig. 1. The analysis
revealed the following:

« All features involve “Players”, the individuals who play a game
and are rewarded as a result;

» Most features involve a combination of “Gameplay artifacts”
(tools, barriers and agents mediating the player); “Gameplay
schemas” (rules governing player-game interactions); and “Infor-
mation flows” (situational cues provided to orient progress).

Hence, the tetrad “Players”, “Gameplay artifacts”, “Gameplay
schemas” and “Information flows” appears to be a comprehensive yet
minimalist model for not only describing gameplay features but also
analyzing and enhancing CPS affordances in games, drawing on both
player-centric and game-centric perspectives. Notably, this tetrad aligns
with features identified from player-centric frameworks (de Byl, 2015;
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Hochleitner et al., 2015) and game-centric frameworks (Fabricatore
et al., 2002; Khalifa et al., 2019).

Conversely, features excluded from the analysis (172 out of 184)
often involved only one game system element and rarely included
“Gameplay schemas” or “Information flows”. This suggests that over-
looking elements from the tetrad model during framework development
can lead to ambiguities and incomplete analyses of a feature’s potential
to promote engagement and CPS.

Therefore, this tetrad model, grounded in the theoretical framework
of Fig. 1, offers a valuable reference for researchers and practitioners
to analyze and describe features within game design and analysis
frameworks. For example, features like “Entity” (i.e., abilities and
behaviors of entities (“Gameplay artifacts” and ‘“Gameplay schemas”),
that are presented in a timely, persistent and clear way (“Informa-
tion flows”) to enable players (“Players”) to understand and interact
with entities) or “Foreshadowing” (i.e., introducing a game element
(“Gameplay artifacts”) or a game mechanic (“Gameplay schemas”) in
a timely, persistent and clear way (“Information flows”) to enable
players (“Players”) to overcome future challenges) clearly demonstrate
the interplay between these four elements.

4.4. Evidence-based CPS-GFC guidelines

While Appendix G. Full analysis of engagement-inducive gameplay
configurations and functions (Table 13) and Appendix H. Full analy-
sis of Uncertainty management affordances (Table 14) offer valuable
insights into gameplay features promoting player engagement and CPS
capabilities, their operational usefulness might be limited due to several
factors. These include:

Framework Diversity: The tables incorporate features from var-
ious frameworks with different conceptualizations.

Separate Configurations: Engagement and CPS configurations
are presented separately.

Overlapping Features: Some features share similar configura-
tions and functions.

Descriptive Format: The information is descriptive rather than
prescriptive.

To address these limitations, based on the evidence in Appendix
G. Full analysis of engagement-inducive gameplay configurations and
functions (Table 13) and Appendix H. Full analysis of Uncertainty
management affordances (Table 14) this study identified foundational
game system features, i.e., essential building blocks for implementing
the reviewed gameplay features. The foundational features were used to
develop the CPS-GFC guidelines (Table 9), through the following steps:

+ Standardization and Consolidation: Gameplay features, con-
figurations, and functions were rephrased using the WST (Alter,
2013) and the CHC theory (Schneider & McGrew, 2018) to ensure
internal consistency within the CPS-GFC guidelines (Table 9).
Configurations for both engagement and CPS were presented
together for clarity. Overlapping features were merged.

+ Prescriptive Guidelines: Configurations were rephrased to pro-
vide clear, actionable guidance for game designers.

This operationalization resulted in the 10 foundational game system
features presented in Table 9. Each feature includes one configuration to
promote player engagement and another to promote CPS capabilities.

Three foundational features (‘“Persistent game world”, “Unexpected
game events”, and “Unpredictable characters”) can be configured to
either reveal or conceal information (Table 9). These features were
adapted from gameplay features in Appendix H. Full analysis of Uncer-
tainty management affordances (Table 14) that could either increase
or decrease uncertainty. The remaining seven foundational features
can only be configured to reveal information. These were derived
from features in Appendix H. Full analysis of Uncertainty management
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affordances (Table 14) that were deemed only suitable to reduce uncer-
tainty and consequently support players in the uncertainty management
process.

By strategically selecting and integrating the proposed CPS-GFC
guidelines game researchers and practitioners can create complex sce-
narios that both increase and decrease uncertainty at different stages of
the player experience. This allows balancing demands and support for
player engagement with uncertainty management processes, through
alternately increasing and decreasing uncertainty. Achieving such bal-
ance is crucial for developing cognitive CPS capabilities (Dorner &
Funke, 2017; Fischer et al., 2011). Therefore, further research is needed
to explore the systemic relationships and dynamics between the pro-
posed foundational game system features, and how their interplay may
affect the balance between uncertainty management demands and sup-
port.

4.5. Resource to support methodological game research

The review of methodological game research presented in Sec-
tion 3.1 identified a significant issue: only a small portion of reviewed
articles (22 out of 74) demonstrably impacted the field (Fig. 2). This
remarkable underutilization of methodological research suggests two
key challenges. First, researchers may be unaware of relevant frame-
works. Second, many frameworks lack sufficient information about
their relevance, applicability, limitations, and rationale (e.g., Baharom,
Tan, Idris et al., 2014; Bringula, Alcid, Bandril, De Guzman, & Lopez,
2014; de Wit, 2021; Kleinman, Carstensdottir, & Seif El-Nasr, 2019;
Pereira & Roque, 2013; Zohoorian, Stanley, Gutwin, & Tavassolian,
2012). These factors can impede framework adoption regardless of
researcher awareness.

To address these challenges, we propose a two-pronged approach:

1. Increased Awareness: increasing the production of reviews
like this one can help researchers and practitioners identify
frameworks relevant to their specific needs.

2. Improved Framework Reporting: Methodological proposals
should provide detailed information about a framework’s rele-
vance, applicability, limitations, and rationale. This will allow
researchers and practitioners to make informed decisions about
framework adoption.

Furthermore, effective methodological models and instruments
should be grounded in sound theoretical frameworks and integrate
both game-centric and player-centric perspectives (Fabricatore, 2018;
Fabricatore et al., 2019; Gyaurov et al., 2021; dos Santos et al., 2018).
Our analysis of the 22 impactful frameworks (Appendix D. Full list of
general characteristics of frameworks (Table 10)) revealed that many
lacked these crucial elements: only nine had conceptual underpinnings,
eight had theoretical underpinnings, four adopted an integrative per-
spective, and two frameworks relied on both conceptual underpinnings
and an integrative perspective.

Hence, the characteristics of frameworks identified in Appendix D.
Full list of general characteristics of frameworks (Table 10), may serve
as a useful resource to understand the qualities and limitations of ex-
isting game analysis and design frameworks, facilitating their selection
for adoption. By extension, Appendix D. Full list of general character-
istics of frameworks (Table 10) can support the development of novel
research suitable to overcome the limitation of existing frameworks.

5. Conclusions

This systematic review, guided by a pre-published protocol (Gyau-
rov et al., 2022), is the first to analyze methodological frameworks for
entertainment games with a focus on features promoting both player
engagement and cognitive CPS capabilities. The review identified lim-
itations in existing frameworks and proposes the CPS-GFC guidelines
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Table 9
CPS-GFC guidelines.
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Foundational
game feature

Feature configurations promoting player engagement (PE) and cognitive CPS capabilities (CPS)

Persistent game
world

(PE) Should provide display of the inventory, screenshots of significant events, signs of battles on
the avatar, and persistent effects of player actions on the game world.

(CPS) Should conceal or reveal the rules of changes to the inventory, avatar state, or persistent

game world.

Unexpected game

(PE) Should provide schemas that govern player interactions and unexpected game events.

events (CPS) Should conceal or reveal the causes of the relationship between the unexpected local and
global game events.

Unpredictable (PE) Should provide reasonable, visible, consistent entities with unpredictable behaviors.

characters (CPS) Should conceal or reveal the effects of unpredictable behaviors of entities.

Game goals (PE) Should provide clear and explorable links in the nonlinear hierarchy of goals.

(CPS) Should reveal the rules of exploring and backtracking.

Guiding game
environment

(PE) Should provide a target direction based on the shape of levels, placement of collectibles,
presence of enemies, and environmental changes.

(CPS) Should reveal the presence of collectibles, enemies, and environmental changes.

Safe planning

(PE) Should provide undisturbed time in an identifiable protection area based on the patterns of

nearby hazards, enemies or environments.

(CPS) Should reveal the rules of undisturbed time in protection area.

Unfamiliar (PE) Should provide new and harder challenges by combining familiar game elements in
challenges unfamiliar ways.

(CPS) Should reveal the rules of familiar game elements.
Prospective (PE) Should provide a game mechanic that, once learned, will be used in a future challenge.
learning

(CPS) Should reveal the rules of a previously introduced game mechanic.

Risk-reward

(PE) Should provide conditional access to safe pathways with small rewards and dangerous
pathways with big rewards.

(CPS) Should reveal the rules of accessibility and safety of pathways.

Warning

information flows visual cues.

(PE) Should provide an unavoidable challenge of obvious difficulty with accompanying audio and

(CPS) Should provide the presence of intensive audio and visual cues.

to support researchers and practitioners in designing games that bal-
ance engagement with fostering cognitive CPS capabilities through
uncertainty management.

The review’s rigorous methodology strengthens the reliability of
the findings. A comprehensive and systematic literature search (Hors-
ley et al.,, 2011; Lockwood et al., 2017; Moher et al., 2015) and a
triangulated study selection process (Page et al., 2021) ensured the
relevance of the reviewed frameworks. Highly-reliable data extraction,
coding and data analysis techniques (Cornish et al., 2013; Patton, 2014;
Perreault Jr & Leigh, 1989; Richards & Hemphill, 2018; Shenton, 2004;
Thomas, 2006) with independent validation (Barbour, 2001; Berends &
Johnston, 2005) further bolstered the robustness of the findings.

This study innovatively integrates WST (Alter, 2013), CWA frame-
work (Roth & Bisantz, 2013), and CHC theory (Schneider & Mec-
Grew, 2018) for game feature analysis. This approach proved theoret-
ically sound and comprehensive for analyzing features that encompass
structural elements, gameplay mechanics, psychological processes, and
player-game interactions. To our knowledge, no study has previously
applied this approach, and the analytical procedures and instruments
involved in it can be adopted in future research for holistic game
feature analysis.

This review presents two relevant limitations. First, its scope was
deliberately on entertainment games, because of their educational po-
tentialities (Clark et al., 2016; Jayakanthan, 2002; Martinez et al.,
2022; McClarty et al., 2012; Paraskeva et al., 2010) and the lack of
knowledge to exploit these (Caroux et al., 2015; Fabricatore et al.,
2019; Natucci & Borges, 2021; Neil, 2012; Neves & Zagalo, 2021;
Tahir & Wang, 2018). To overcome this limitation, further research
should examine the CPS potential of game-based learning products
(e.g., serious games). Second, the interpretative component of the
qualitative content analysis introduces an element of subjectivity in the
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review process. To mitigate reliability risks, rigorous data extraction
and analysis processes were adopted and thoroughly reported (Barbour,
2001; Berends & Johnston, 2005; Cornish et al., 2013; Hsieh & Shan-
non, 2005; King, 1998, 2012; Patton, 2014; Perreault Jr & Leigh, 1989;
Richards & Hemphill, 2018; Shenton, 2004; Thomas, 2006).

Despite these limitations, the findings of this review contribute sig-
nificantly to the field of game studies by providing a valuable resource
for developing effective and impactful game experiences. In addition,
the involved methodological approaches can be harnessed to strengthen
novel research, and therefore represent a further contribution to ad-
vance the field of game research.
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Table 10
General characteristics of frameworks.
Author, Year Framework Pers. Purpose Games Underpinning Impact
Costello & Edmonds, Play framework P A, D Digital+ C: MDA framework (Hunicke E (Costello & Edmonds,
2009 et al., 2004); T: Model of player 2007), M (Pereira &
attitudes (Caillois, 2001), Roque, 2012)
Instrumentalist theory of play
(Groos, 1901)
de Byl, 2015 Conceptual affective P D Digital-C T: Affective computing framework M (Sekhavat et al., 2021)
design framework (Picard, 1999)
Desurvire & Wiberg, Game usability heuristics I A, D Digital C: Heuristics for evaluating E (Phan et al, 2016), M
2009 (PLAY) playability (Desurvire et al., (Phan et al.,, 2016)
2004)
Desurvire et al., 2004 Heuristics for evaluating 1 A, D Digital N/A: Gameplay sessions E (Phan et al., 2016), M
playability (HEP) (Phan et al., 2016)
Dillon, 2011 6-11 Framework P A, D Digital C: MDA framework (Hunicke E (Angelia et al., 2019)
et al., 2004); T:
Psychoevolutionary theory of
emotion (Plutchik, 1980)
Ermi & Mayrd, 2005 Sensory, challenge-based, P A, D Digital N/A: Player surveys E (Zhang et al., 2012),
and imaginative M (Lingan, Li, &
immersion (SCI) model Vermeeren, 2021)
Fabricatore, 2007 Architectural model for P D Digital N/A: Analyzed games E (Sajjadi, Vlieghe, &
game mechanics De Troyer, 2016), M
(Sajjadi et al., 2016)
Fabricatore, 2018 Activity theory-based 1 A, D Digital T: Activity theory (Bedny & E (Fabricatore et al.,
framework of Karwowski, 2006; Bedny, 2019), M (Fabricatore
meaning-making Karwowski, & Jeng, 2004; et al.,, 2020)
Engestrom, 1987; Kaptelinin &
Nardi, 2006; Leontiev, 1978)
Fabricatore et al., 2002 Model of playability in G D Digital N/A: Gameplay sessions M (Fabricatore, 2007)
action videogames
Harris et al., 2016 Framework of G D Digital-MP C: MDA framework (Hunicke M (Ouverson & Gilbert,
asymmetric elements et al., 2004) 2021)
Hochleitner et al., 2015 Heuristic framework for P A, D Digital C: Framework of heuristics for E (Regalado, Ribeiro, &
user experience tabletop games (Koeffel et al., Veloso, 2021)
2010)
Hunicke et al., 2004 Mechanics, Dynamics, G A, D Digital+ N/A: Analyzed games E (Kusuma, Wigati,
and Aesthetics (MDA) Utomo, & Suryapranata,
framework 2018), M (Winn, 2009)
Khalifa et al., 2019 Level design patterns G D Digital N/A: Analyzed games E (Ganesh, Ndulue, &
Orji, 2021)
Pereira & Roque, 2012 Participation-centered P D Digital C: Play framework (Costello & E (Pereira, Craveirinha,
game design model Edmonds, 2009), SCI model & Roque, 2019), M
(Ermi & Mayréd, 2005), Player (Pereira et al.,, 2019)
motivations model (Yee, 2006);
T: Taxonomy of player types
(Bartle, 1996), Model of player
attitudes (Caillois, 2001), Four
Keys model (Lazzaro, 2009)
Ralph & Monu, 2015 Unified theory of digital G A, D Digital C: MDA framework (Hunicke M (Natucci & Borges,
games et al., 2004), Elemental Tetrad 2021)
(Schell, 2008)
Ryan et al., 2006 Self-determination P A, D Digital T: Self-determination theory E (Gyaurov et al.,, 2020),
theory-based (SDT) model (Ryan & Deci, 2000) M (Przybylski, Rigby, &
Ryan, 2010)
Sweetser & Wyeth, 2005 GameFlow model P A, D Digital-C T: Flow theory (Csikszentmihalyi, E (Sweetser et al.,, 2017),
1990) M (Jegers, 2007)
Tondello et al., 2017 Framework and P A, D Digital N/A: Analyzed games, player E (Tondello & Nacke,
taxonomy of player surveys 2019), M (Tondello,
preferences Arrambide, Ribeiro, Cen,
& Nacke, 2019)
Walk et al., 2017 Design, Dynamics, 1 D Digital C: MDA framework (Hunicke M (Natucci & Borges,
Experience (DDE) et al., 2004), Elemental Tetrad 2021)
framework (Schell, 2008), Design, Play, and
Experience framework (Winn,
2009)
Xu et al, 2011 Design pre-patterns G D Digital-HAR N/A: Analyzed games E (Borsting, Fischer, &
Gruhn, 2021), M
(Bérsting, Karabulut,
Fischer, & Gruhn, 2022)
Yee, 2006 Player motivations model P A, D Digital-OL T: Taxonomy of player types E (Wu, Wang, & Tsai,
(Bartle, 1996) 2010)
Zagal et al., 2000 Model of the G D Digital-MP C: Unnamed conceptual approach E (Villalta et al., 2011),

characteristics of a
multiplayer game

to game design (Costikyan, 1994)

M (Vvillalta et al., 2011)

Note: (1) Perspective: (P) — Player-centric; (G) — Game-centric; (I) — Integrative; (2) Purpose: (D) — Design; (A) — Analysis; (3) Games: (Digital) — Digital games; (Digital+) — Digital and non-digital games;
(Digital-C) — Computer games; (Digital-MP) — Multiplayer games; (Digital-HAR) — Handheld augmented reality games; (Digital-OL) — Online games; (4) Underpinning: (T) — Theoretical; (C) — Conceptual; (N/A) —
Neither theoretical nor conceptual; (5) Impact: (E) — Empirical studies; (M) — Methodological studies.

Appendix A. PRISMA checklist Appendix C. Coding schema

This appendix provides a link to the coding schema for this article.

This appendix provides a link to the PRISMA checklist for this
article. Appendix D. Full list of general characteristics of frameworks

(Table 10)

This appendix provides the complete version of Table 2 in the
main text. The table lists the all 22 studies’ authors, year of publica-
tion, frameworks, and their frameworks’ perspectives, purpose, type of
targeted games, underpinnings, and impact.

Appendix B. Search strategy

This appendix provides a link to the search strategy for this article.
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Table 11
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Analyzed gameplay features.

Framework

Gameplay features

Costello &
Edmonds, 2009

Creation (PP), Exploration (PP), Discovery (PP), Difficulty (PP), Competition (PP), Danger
(PP), Captivation (PP), Sensation (PP), Sympathy (PP), Simulation (PP), Fantasy (PP),
Camaraderie (PP), Subversion (PP)

de Byl, 2015

Mind-Body Interaction (PP), Fast Primary Emotions (PP), Cognitive Appraisals (PP),
Emotional Behavior (PP), Emotional Experience (PP)

Desurvire &
Wiberg, 2009

Enduring Play (GM, PP), Challenge, Strategy and Pace (GM), Consistency in Game World
(GM), Goals (GM), Variety of Players and Game Styles (GM, PP), Players Perception of
Control (PP), Emotional Connection (PP), Coolness/Entertainment (PP), Humor (PP),
Immersion (SC), Documentation/Tutorial (GM), Status and Score (SC, GM), Game Provides
Feedback (SC, GM), Terminology (GM), Burden On Player (GM), Screen Layout (SC),
Navigation (GM), Error prevention (SC, GM), Game Story Immersion (SC, GM)

Desurvire et al.,
2004

Game Play (GM), Game Story (GM), Game Mechanics (GM), Game Usability (GM)

Dillon, 2011

Fear (PP), Anger (PP), Joy/Happiness (PP), Pride (PP), Sadness (PP), Excitement (PP),
Survival (PP), Self Identification (PP), Collecting (PP), Greed (PP), Protection/Care/Nurture
(PP), Aggressiveness (PP), Revenge (PP), Competition (PP), Communication (PP),
Exploration/Curiosity (PP), Color Appreciation (PP)

Ermi & Mayrd,
2005

Sensory immersion (PP), Challenge-based immersion (PP), Imaginative immersion (PP)

Fabricatore, 2007

Core gameplay (GM), Core game mechanics (GM), Core meta-gameplay (GM), Satellite
game mechanics (GM), Peripheral gameplay (GM)

Fabricatore, 2018

Game play activity (GM), Game task (GM), Game context (GM), Core schemas (GM)

Fabricatore et al.,
2002

Entity (SC, GM), Scenario (SC, GM), Hierarchy of goals (SC, GM)

Harris et al., 2016

Asymmetry of Ability (GM), Asymmetry of Challenge (GM), Asymmetry of Interface (GM),
Asymmetry of Information (GM), Asymmetry of Investment (GM), Asymmetry of
Goal/Responsibility (GM), Mirrored Dependence (GM), Unidirectional Dependence (GM),
Bidirectional Dependence (AKA Symbiosis) (GM), Asynchronous Timing (GM), Sequential
(Disjoint) Timing (GM), Expected Timing (GM), Concurrent Timing (GM), Coincident
Timing (GM)

Hochleitner et al.,
2015

Goals (GM), Motivation (PP), Challenge (GM), Learning (SC, GM), Control (GM),
Consistency (GM), Game story (GM, PP), Feedback (SC, GM), Visual appearance (SC, GM),
Interaction (GM), Customization (SC, GM), Menu and interface elements (HUD) (SC, GM)

Hunicke et al.,

Mechanics (SC, GM), Dynamics (GM), Aesthetics (PP)

2004
Khalifa et al., Guidance (GM), Safe Zone (GM), Foreshadowing (GM), Layering (GM), Branching (GM),
2019 Pace Breaking (GM)

Pereira & Roque,
2012

Playfulness (PP), Challenge (PP), Embodiment (PP), Sociability (PP), Sensemaking (PP),
Sensoriality (PP)

Ralph & Monu,
2015

Game mechanics (SC, GM), Narrative mechanics (SC, GM), Technology (SC), Embedded
narratives (GM), Dynamics (GM), Emergent narrative (GM), Aesthetics (PP), Interpreted
narrative (PP)

Ryan et al., 2006

Autonomy (PP), Competence (PP), Relatedness (PP), Presence (PP)

Sweetser &
Wyeth, 2005

Concentration (PP), Challenge (SC, GM), Player Skills (PP), Control (PP), Clear Goals (GM),
Feedback (SC, GM), Immersion (PP), Social Interaction (GM, PP)

Tondello et al.,
2017

Strategic resource management (SC, GM), Puzzle (SC), Artistic movement (GM), Sports and
cards (SC), Role-playing (GM), Virtual goods (SC), Simulation (GM), Action (GM),
Progression (GM), Multiplayer (PP), Abstract interaction (PP), Solo play (PP), Competitive
community (PP)

Walk et al., 2017

Blueprint (SC), Mechanics (SC, GM), Interface (SC), Dynamics (GM), Senses (PP),
Cerebellum (PP), Cerebrum (PP), Player-Subject (PP), Perception (PP)

Xu et al., 2011

Device metaphors (GM), Control mapping (GM), Seamful design (GM), World consistency
(SC, GM), Landmarks (SC), Living creatures (SC, GM), Personal presence (PP), Body
constraints (GM), Hidden information (SC)

Yee, 2006

Advancement (PP), Mechanics (PP), Competition (PP), Socializing (PP), Relationships (PP),
Teamwork (PP), Discovery (PP), Role-playing (PP), Customization (PP), Escapism (PP)

Zagal et al., 2000

Rules and Goals (GM), Props and Tools (SC), Player (PP), Social Interaction (GM),
Competition and Cooperation (GM), Synchronicity (GM), Coordination (GM), Prop and Tool
Dependence (GM), Existence of Meta-Gaming (GM)

Note: (PP) — psychological processes; (GM) — gameplay mechanics; (SC) — structural components.
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Definition

Table 12
Engagement-inducive gameplay features.
Ref. Gameplay
feature
de Byl, 2015 Emotional
Experience

Emotional Experience refers to the present and continuous emotions of players.

Fabricatore, 2018 Core schemas

Core schemas refers to the patterns that govern interactions, conditions, and
effects of game state changes.

Fabricatore et al.,
2002

Entity

Entity refers to the role, attitude, resources, items, and behaviors of entities
that the player interacts with.

Scenario

Scenario refers to the point of view of players, unexpected events, scenario
transitions, and interactions with entities.

Hierarchy of

Hierarchy of goals refers to the variety, levels of linearity, and information

goals about goals and sub-goals in games.
Hochleitner et al., Challenge Challenge refers to the aspects related to game pacing, game difficulty, and
2015 player skills.
Khalifa et al., 2019 Guidance F?uldance re.fers.to the use of non-verbal game elements to guide players in an
intended direction.
Safe Zone Safe Zone refers to the use of game areas to protect players from negative
interactions.
Foreshadowing Foreshadowing refers to introducing a game element in a controlled
environment that later becomes more important.
Layering Layering refers to combining multiple known objects and strategies to create
new experiences.
Branching Branching refers to using multiple pathways for reaching a target.

Pace Breaking

game from one scene to the next.

Pace Breaking refers to increasing or decreasing the dramatic tension in the

Table 13
Engagement-inducive gameplay configurations and functions.
Ref. Gameplay feature Work system elements Engagement configuration Engagement function
de Byl, 2015 Emotional Experience Players, Gameplay Emotional Experience should be configured to provide, This configuration of Emotional

artifacts, Gameplay
schemas, Info flows

in a timely, persistent and clear way, display of the
inventory, screenshots of significant events, signs of

battles on the avatar, and persistent effects of player
actions on the game world.

Experience may enable players to recall
emotions from their gaming journey.

Emotional Experience should be configured to provide,
in a timely, persistent and clear way, NPCs that either
help players complete tasks or form long-term
relationships with players.

This configuration of Emotional
Experience may enable players to become
emotionally attached to NPCs.

Fabricatore, 2018 Core schemas Players, Gameplay

schemas, Info flows

Core schemas should be configured to provide, in a
timely, persistent and clear way, causal-mechanistic
schemas that govern player interactions and game
events.

This configuration of Core schemas may
enable players to understand their actions
and game events.

Core schemas should be configured to provide, in a
timely, persistent and clear way, socio-cultural schemas
that govern the social interactions and cultural
expectations in the game.

This configuration of Core schemas may
enable players to understand how to
interact with other players and characters.

Core schemas should be configured to provide, in a
timely, persistent and clear way, workflow schemas
that define the dependency between game goals.

This configuration of Core schemas may
enable players to understand and choose
how to progress.

Core schemas should be configured to provide, in a
timely, persistent and clear way, reiterated feedback
schemas.

This configuration of Core schemas may
enable players to accept goals, plan task
performance, evaluate contextual
conditions, and understand aspects of the
local and global game context.

Appendix E. Full list of analyzed gameplay features (Table 11)

This appendix provides the complete version of Table 3 in the main
text. The table lists all 184 gameplay features identified across the
reviewed frameworks, including structural components (SC), gameplay
mechanics (GM), and psychological processes (PP).

Appendix F. Full list of engagement-inducive gameplay features
(Table 12)

This appendix provides the complete version of Table 5 in the main
text. The table lists all 12 engagement-inducive gameplay features and
their definitions.
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(continued on next page)

Appendix G. Full analysis of engagement-inducive gameplay con-
figurations and functions (Table 13)

This appendix provides the complete version of Table 6 in the
main text. The table presents the analysis of the 12 selected game-
play features, including their engagement configurations, engagement
functions, and related work system elements.

Appendix H. Full analysis of uncertainty management affordances
(Table 14)

This appendix provides the complete version of Table 7 in the main
text. The table articulates how the selected gameplay features can be
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Ref.

Gameplay feature

Work system elements

Engagement configuration

Engagement function

Fabricatore et al., 2002

Entity Players, Gameplay Entity should be configured to provide, in a timely, This configuration of Entity may enable
artifacts, Gameplay persistent and clear way, coherent roles, abilities, players to identify, customize, and have
schemas, Info flows behaviors, and attitudes of entities with related realistic expectations about an entity’s

contextual and explicit, audio and visual information. roles, abilities, behaviors, and attitudes.
Entity should be configured to provide, in a timely, This configuration of Entity may enable
persistent and clear way, unique pieces of equipment players to feel compelled by the different
that are available at an appropriate place with related pieces of equipment, to feel appropriately
contextual and explicit, audio and visual information. challenged by the availability of
equipment, and to understand the type,
function, aim, range, status of equipment.
Entity should be configured to provide, in a timely, This configuration of Entity may enable
persistent and clear way, entities with non-disruptive players to identify and understand the
logical behaviors, changing behaviors with evident causes and rules for the behavior of
causes, or unpredictable behaviors with identifiable entities.
causes and rules.
Scenario Players, Gameplay Scenario should be configured to provide, in a timely, This configuration of Scenario may enable

process, Gameplay
context

persistent and clear way, unexpected events that affect
the interaction with the scenario.

players to feel challenged.

Scenario should be configured to provide, in a timely,
persistent and clear way, information about task
progression before transitioning to a new scenario.

This configuration of Scenario may enable
players to understand the state of their
progress.

Hierarchy of goals

Players, Gameplay
process, Info flows

Hierarchy of goals should be configured to provide, in
a timely, persistent and clear way, non-repetitive goals.

This configuration of Hierarchy of goals
may enable players to be entertained and
engaged.

Hierarchy of goals should be configured to provide, in
a timely, persistent and clear way, explorable links in
the nonlinear hierarchy of goals.

This configuration of Hierarchy of goals
may enable players to understand and
explore the links in the nonlinear
hierarchy of goals.

Hierarchy of goals should be configured to provide, in
a timely, persistent and clear way, clear, precise,
always accessible, and helpful information about the
nature of game goals, progress, and objectives.

This configuration of Hierarchy of goals
may enable players to understand,
remember, be immersed, and learn
information about game goals, progress,
and objectives.

Hochleitner et al., 2015 Challenge Players, Gameplay Challenge should be configured to provide, in a This configuration of Challenge may
artifacts, Gameplay timely, persistent and clear way, a reasonable, visible, enable players to feel appropriately
schemas, Info flows consistent but unpredictable Al challenged.

Khalifa et al., 2019 Guidance Players, Gameplay Guidance should be configured to provide, in a timely, This configuration of Guidance may
process, Game artifacts, persistent and clear way, a target direction based on enable players to explore the
Info flows the shape of levels, placement of collectibles, presence environment, progress in the game, and

of enemies, and changes of environmental cues. avoid bad decisions.

Safe Zone Players, Gameplay Safe Zone should be configured to provide, in a This configuration of Safe Zone may
process, Game schemas, timely, persistent and clear way, undisturbed time in enable players to analyze their
Gameplay context, Info an identifiable protection area based on the patterns surroundings and plan their next actions.
flows of nearby hazards and enemies.

Foreshadowing Players, Game artifacts, Foreshadowing should be configured to provide, in a This configuration of Foreshadowing may
Gameplay schemas, timely, persistent and clear way, a game mechanic enable players to become curious and
Gameplay context, Info that, once learned, will be used in a future challenge excited about future possibilities.
flows that is important for progressing in the game.

Layering Players, Game artifacts, Layering should be configured to provide, in a timely, This configuration of Layering may
Gameplay context, Info persistent and clear way, new and harder challenges enable players to overcome fair challenges
flows by combining familiar game elements in unfamiliar and create new strategies.

‘ways.
Branching Players, Game artifacts, Branching should be configured to provide, in a This configuration of Branching may

Gameplay schemas,
Gameplay context, Info
flows

timely, persistent and clear way, unlimited access to
all pathways, allowing levels to be beaten with
starting tools.

enable players to feel empowered and
explore the environment.

Branching should be configured to provide, in a
timely, persistent and clear way, access to some

pathways only after specific conditions have been
reached through other pathways.

This configuration of Branching may
enable players to become curious.

Branching should be configured to provide, in a
timely, persistent and clear way, safe pathways with
small rewards and dangerous pathways with big
rewards.

This configuration of Branching may
enable players to take risks for greater
reward.

Pace Breaking

Players, Info flows

Pace Breaking should be configured to provide, in a
timely, persistent and clear way, an unavoidable
hazard of obvious difficulty with accompanying audio
and visual cues.

This configuration of Pace Breaking may
enable players to become more tense and
focused.

Pace Breaking should be configured to provide, in a
timely, persistent and clear way, free time and space
for interacting with different aspects of the game.

This configuration of Pace Breaking may
enable players to become more calm and
relaxed.

Table 14

Uncertainty management affordances.

Ref

Gameplay feature

Uncertainty management

configuration

Uncertainty management function

de Byl, 2015

Emotional Experience

(IMS7) If the rules of

then players may be required to perceive the hidden causes and effects of changes to the inventory,

changes to the inventory,
avatar state, or persistent
game world are concealed

avatar state, or persistent game world.

then players may be required to formulate a set of hypotheses about the hidden causes and effects
of changes to the inventory, avatar state, or persistent game world.

then players may be required to choose one from the set of hypotheses about the hidden causes and
effects of changes to the inventory, avatar state, or persistent game world.

(IMS7) If the rules of

changes to the inventory,
avatar state, or persistent
game world are revealed

then players may be enabled to perceive the hidden causes and effects of changes to the inventory,
avatar state, or persistent game world.

then players may be enabled to formulate a set of hypotheses about the hidden causes and effects
of changes to the inventory, avatar state, or persistent game world.

then players may be enabled to choose one from the set of hypotheses about the hidden causes and
effects of changes to the inventory, avatar state, or persistent game world.

(continued on next page)
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Ref

Gameplay feature

Uncertainty management
configuration

Uncertainty management function

Fabricatore, 2018

Core schemas

(IMS5) If the causes of the
relationship between the
local and global game
context are concealed

then players may be required to perceive the hidden effects and rules of the relationships between
the local and global context.

then players may be required to formulate a set of hypotheses about the hidden effects and rules of
the relationships between the local and global context.

then players may be required to choose one from the set of hypotheses about the hidden effects and
rules of the relationships between the local and global context.

then players may be required to test the chosen hypothesis about the hidden effects and rules of the
relationships between the local and global context.

(IMS5) If the causes of the
relationship between the
local and global game
context are revealed

then players may be enabled to perceive the hidden effects and rules of the relationships between
the local and global context.

then players may be enabled to formulate a set of hypotheses about the hidden effects and rules of
the relationships between the local and global context.

then players may be enabled to choose one from the set of hypotheses about the hidden effects and
rules of the relationships between the local and global context.

then players may be enabled to test the chosen hypothesis about the hidden effects and rules of the
relationships between the local and global context.

Fabricatore et al., 2002

Entity (IMS6) If the effects of then players may be required to formulate a set of hypotheses about the hidden causes and rules of
unpredictable behaviors of unpredictable behaviors of entities.
iti 1
entities are concealed then players may be required to choose one from the set of hypotheses about the hidden causes and
rules of unpredictable behaviors of entities.
then players may be required to test the chosen hypotheses about the hidden causes and rules of
unpredictable behaviors of entities.
(IMS6) If the effects of then players may be enabled to formulate a set of hypotheses about the hidden causes and rules of
unpredictable behaviors of unpredictable behaviors of entities.
entities are revealed then players may be enabled to choose one from the set of hypotheses about the hidden causes and
rules of unpredictable behaviors of entities.
then players may be enabled to test the chosen hypotheses about the hidden causes and rules of
unpredictable behaviors of entities.
Scenario (IMS2-IMS3) If the causes then players may be required to formulate a set of hypotheses about the hidden causes or effects of

or effects of unexpected
events are concealed

interactions between players and the game scenario.

then players may be required to choose one from the set of hypotheses about the hidden causes or
effects of interactions between players and the game scenario.

then players may be required to test the chosen hypotheses about the hidden causes or effects of
interactions between players and the game scenario.

(IMS2-IMS3) If the causes
or effects of unexpected
events are revealed

then players may be enabled to formulate a set of hypotheses about the hidden causes or effects of
interactions between players and the game scenario.

then players may be enabled to choose one from the set of hypotheses about the hidden causes or
effects of interactions between players and the game scenario.

then players may be enabled to test the chosen hypotheses about the hidden causes or effects of
interactions between players and the game scenario.

Hierarchy of goals

(IMS4) If the rules of
exploring and backtracking
are revealed

then players may be enabled to formulate a set of hypotheses about the hidden rules of the
branches of nonlinear hierarchy of goals.

then players may be enabled to choose one from the set of hypotheses about the hidden rules of
the branches of nonlinear hierarchy of goals.

then players may be enabled to test the chosen hypothesis about the hidden rules of the branches of
nonlinear hierarchy of goals.

. . Challenge (IMS6) 1If the effects of then players may be required to perceive the hidden causes and rules of the unpredictable Al
Hochleitner et al., 2015 N . .

unpredictable AI behaviors behaviors.

are concealed then players may be required to formulate a set of hypotheses about the hidden causes and rules of
the unpredictable Al behaviors.
then players may be required to choose one from the set of hypotheses about the hidden causes and
rules of the unpredictable Al behaviors.
then players may be required to test the chosen hypothesis about the hidden causes and rules of the
unpredictable Al behaviors.

(IMS6) If the effects of then players may be enabled to perceive the hidden causes and rules of the unpredictable Al

unpredictable Al behaviors behaviors.

are revealed i
then players may be enabled to formulate a set of hypotheses about the hidden causes and rules of
the unpredictable AI behaviors.
then players may be enabled to choose one from the set of hypotheses about the hidden causes and
rules of the unpredictable Al behaviors.
then players may be enabled to test the chosen hypothesis about the hidden causes and rules of the
unpredictable Al behaviors.

- P Guidance (IMS1) If the presence of then players may be enabled to perceive the hidden presence of a pathway to reach those
Khalifa et al.,, 2019 . N . . N
collectibles, enemies or collectibles, enemies or environments.
environments is revealed
Safe Zone (IMS4) 1f the rules that then players may be enabled to perceive the hidden rules of nearby hazards, enemies or

make an area protected are environments.

revealed then players may be enabled to formulate a set of hypotheses about the hidden rules of nearby
hazards, enemies or environments.
then players may be enabled to choose from the set of hypotheses about the hidden rules of nearby
hazards, enemies or environments.

Foreshadowing (IMS4) If the rules of a then players may be enabled to formulate a set of hypotheses about the hidden rules of an

gameplay mechanic
introduced at a given time
are revealed
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unfamiliar challenge introduced at a later time.

then players may be enabled to choose one from the set of hypotheses about the hidden rules of an
unfamiliar challenge introduced at a later time.

then players may be enabled to test the chosen hypothesis about the hidden rules of an unfamiliar
challenge introduced at a later time.

(continued on next page)
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Table 14 (continued).
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Ref Gameplay feature Uncertainty management Uncertainty management function
configuration
Layering (IMS4) If the rules of then players may be enabled to formulate a set of hypotheses about the hidden rules of newer and
familiar game elements are harder challenges.
revealed then players may be enabled to choose one from the set of hypotheses about the hidden rules of
newer and harder challenges.
then players may be enabled to test the chosen hypothesis about the hidden rules of newer and
harder challenges.
Branching (IMS4) If the rules of then players may be enabled to formulate a set of hypotheses about the hidden rules of opening

accessibility of pathways
are revealed

inaccessible pathways.

then players may be enabled to
opening inaccessible pathways.

choose one from the set of hypotheses about the hidden rules of

then players may be enabled to
inaccessible pathways.

test the chosen hypothesis about the hidden rules of opening

(IMS4) 1f the rules of
safety of pathways are
revealed

then players may be enabled to
rewards.

formulate a set of hypotheses about the hidden rules of the size of

then players may be enabled to
the size of rewards.

choose one from the set of hypotheses about the hidden rules of

then players may be enabled to
rewards.

test the chosen hypothesis about the hidden rules of the size of

(IMS1) If the presence of
intensive audio and visual
cues is revealed

Pace Breaking

then players may be enabled to perceive the hidden presence of an incoming challenge.

then players may be enabled to
incoming challenge.

formulate a set of hypotheses about the hidden presence of an

then players may be enabled to
an incoming challenge.

choose one from the set of hypotheses about the hidden presence of

Note: (IMS) — Information management strategies (Section 4.2).

configured to demand or support cognitive CPS capabilities, expressed
as uncertainty management configurations and functions.

Data availability

Data will be made available on request.
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