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Abstract

The integration of digital games into diverse aspects of human culture has led to a
paradigm shift in their utilization beyond mere entertainment. This doctoral thesis
explores the challenges in designing effective gameful systems and presents a novel
solution, GamiDOC, to address these challenges. The research begins by identifying
elements that interfere with the design of gameful systems and subsequently affect their
effectiveness. Scientometric analyses reveal the need for systematic and standardized
methodologies in gamification design. Challenges such as users’ interpersonal differ-
ences, goal disparities, contextual variations, and feedback modalities are thoroughly
examined. In response to these challenges, GamiDOC is introduced as a tool to support
designers and developers throughout the design, development, and evaluation phases of
gameful systems. The tool is built on a Design for Science Research Method (DSRM)
approach, providing a systematic and holistic framework. GamiDOC includes features
such as a gamification design framework, a peer-review procedure, code generation, an

open-access database, and a guideline for data collection and analysis.

The effectiveness of GamiDOC is assessed through empirical studies and real-case
applications. User feedback demonstrates the tool’s usefulness in addressing challenges
during the design phase, supporting decision-making processes, and enhancing overall
development and evaluation. Real-case applications include the design and evaluation
of a Virtual Reality (VR) gameful system for teaching UML and a serious game promot-
ing environmental awareness. Despite the promising results, the thesis acknowledges
the need for further development and evaluation of GamiDOC’s components. Future
work involves refining features, resolving ethical constraints, and conducting more com-

parisons with alternative methodologies.
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In conclusion, this dissertation contributes to the understanding of challenges in
gamification design and offers a practical solution in the form of GamiDOC. The pre-
sented tool, still under development, shows potential in guiding designers and develop-
ers towards creating more effective and engaging gameful systems, contributing to the

ongoing evolution of gamification in various domains.
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Chapter 1

Introduction

Games have seamlessly integrated into the fabric of human culture, exerting a contin-
uous influence over our social and recreational spheres. This prominence has catalyzed
the incorporation of digital games into endeavors that extend beyond mere amusement
(Seaborn & Fels, 2015). The utilization of digital games has been documented across
diverse domains and for various objectives (Dye, Green, & Bavelier, 2009; Franceschini
et al., 2013; Griffiths, 2003; Mainetti, Sedda, Ronchetti, Bottini, & Borghese, 2013; Pri-
mack et al., 2012). It is now firmly established that gaming, functioning as a motivating
and immersive endeavor, facilitates the persuasion of individuals to break undesirable
habits and transform their conduct (Bassanelli, Vasta, Bucchiarone, & Marconi, 2022).
Indeed, game environments are recognized as formidable frameworks that sustain users’
motivation (Koivisto & Hamari, 2019b). However, back in the day, people began to
think that any kind of video game was fun and engaging and had by default the ability
to sell numerous copies. But of course, they were wrong. Just think of the famous
case of the video game E.T. or the crisis of 1983 (Ernkvist, 2008). This showed us how
involvement and fun are not only elements related to all video games but only to those

that follow high-quality design and development.

Over the past decade, the concept of “gamification”, denoting the integration of
game design elements into contexts outside of games (Deterding, Dixon, Khaled, &
Nacke, 2011), or as per an alternative definition, “the application of game-like think-

ing and mechanics to engage users and address challenges” (Huotari & Hamari, 2011;

15



Zichermann & Cunningham, 2011), has garnered escalating interest across multiple
disciplines (Bassanelli et al., 2022). This surge in interest is due to the ensuing motiva-
tional advantages, enhanced creativity, sense of play, engagement, and holistic positive
development and well-being (Hamari, 2019). Gamification has increasingly become
an adopted methodology, offering an ancillary approach for domains that traditionally
struggle to capture users’ complete attention and motivation, e.g., training (Armstrong
& Landers, 2018), education (Bucchiarone, Cicchetti, Bassanelli, & Marconi, 2021;
Koivisto & Hamari, 2019b), behavior modification (Bassanelli & Bucchiarone, 2022;
Bucchiarone, Bassanelli, Luca, et al., 2023; Bucchiarone, Bassanelli, & Marconi, 2023).
According to Bozkurt and Durak (2018), the fundamental objective of implementing
gamification is to elevate users’ motivation, thereby fostering experiences that are more

effective, efficient, captivating, enduring, and enjoyable.

However, the design of game-inspired systems is intricate, necessitating a plethora
of precautions to ensure the development of a functional system. Indeed, as indicated
by various sources in the literature (Koivisto & Hamari, 2019b; Seaborn & Fels, 2015),
there exists a dearth of consensus regarding the theoretical foundations and scope of
gamification, leading to inconsistent outcomes related to the implementation of gameful
systems. These outcomes can partially be attributed to the absence of standardized de-
sign methodologies and the prevalent utilization of a one size fits all approach (Bockle,
Micheel, Bick, & Novak, 2018). In essence, gameful systems are frequently fashioned
without accounting for the distinct interactions that various user categories have with
these systems. Consequently, the design and development of gameful systems seems to
be following the same paradigm that led to the crisis of the video game domain in the
past: the mere addition of game elements, often without further analysis, is deemed
adequate to motivate users, without taking into account additional factors. To ad-
dress this inconsistency in outcomes, numerous solutions have been proposed. Certain
authors recommend that the design of gameful systems ought to acknowledge the dis-
parities and preferences among end-users (Codish & Ravid, 2017; Koivisto & Hamari,
2019b; Oliveira et al., 2022; Tondello et al., 2016). In contrast, others have introduced
specific frameworks for gamification design to facilitate the meticulous construction

of gameful systems (Deterding, 2015; Klock et al., 2016; Morschheuser, Maedche, &
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Walter, 2017), considering specific requisites. However, although there have been nu-
merous proposals in the literature — for example, Morschheuser, Maedche, and Walter
(2017), Klock et al. (2016), Hunter and Werbach (2012), and Hunicke, LeBlanc, and
Zubek (2004) —, no suitable design methodologies or background articles have been
identified to support the design phase of educational systems. Some of the reviews I
have conducted — and which are reported in Sections 2.3 and 2.4 — support these
findings, loudly pointing to the need for a reference for researchers and practitioners to
be able to develop truly effective systems, avoiding an unnecessary waste of time and

funds.

1.1 Research questions
Starting from these data, I stated four main research questions for this dissertation:

RQ@Q 1: What are the elements that interfere with the design of gameful

systems and, subsequently, their effectiveness?

RQ 2: How can we address the challenges that exist in gameful systems

design, and create an effective way to support designers and developers?
RQ 3: Does the identified procedure adequately support the design phase?

RQ 4: Does the use of GamiDOC enable the creation of effective systems?

1.2 Outline of the dissertation

Although this dissertation bears my name, I will often refer to the studies with “we”,
since many aspects have been addressed as a research group and not solely by me. Fol-
lowing a Design for Science Research Method (DSRM) approach (Peffers et al., 2007),
I sought to highlight the issues, challenges, and possible solutions related to gameful
systems design, development, and evaluation. First, I will analyze the challenges that
are still present in gamification design, development, and then effectiveness, follow-
ing the data presented by Koivisto and Hamari (2019b), Hamari, Koivisto, and Sarsa

(2014), and Seaborn and Fels (2015), and referring to what is reported in the papers
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“Gamification for Behavior Change: A Scientometric Review” (Bassanelli et al., 2022),
“Lost in Gamification Design: A Scientometric Analysis” (Bassanelli, Gini, Bonetti,
Bucchiarone, & Marconi, 2024), “GamiDOC: The Importance of Designing Gamifica-
tion in a Proper Way” (Bassanelli, Bucchiarone, & Gini, 2024), and “The role of game
modality in the outcomes of gamification: A research agenda” (Gini, Bassanelli, & Buc-
chiarone, 2023) — presented in Chapters 2 and 3 (RQ 1). Then, I will analyze the
alternatives in the literature, noticing that there is no single holistic option that encom-
passes all the necessary elements. At this point, I will describe the theoretical model we
have designed to support gamification design, along with the tool’s development and
evaluation, which is implemented in an online platform (RQ 2). The model is presented
in Chapter 4 and refers to the paper “GamiDOC: A Tool for Designing and Evaluating
Gamified Solutions” (Bassanelli & Bucchiarone, 2022), and partially “GamiDOC: The
Importance of Designing Gamification in a Proper Way” (Bassanelli, Bucchiarone, &
Gini, 2024). Having taken cues from issues in the literature and other reference models
in game design and gamification design, the proposed theoretical design model aims to
guide users, starting from contextual information, achieving the production of a gam-
ification design document (GDD), necessary to link design and development of tools
and games (Baldwin, 2005). Then, the model’s flow guides the users through several
different aspects: the selection of a different gamification design framework, a valida-
tion of the design of the gameful systems, a possible validation of the data collection
and analysis methods (if any), the code generation for the game rules through domain-
specific languages (DSL), the game elements analysis through an open access database,
and a guideline for the data collection and data analysis. Since the project is huge and
the development of all components could not be completed during a 3-year doctoral pe-
riod, most of them are currently under development. Chapter 5 reports several studies
related to the perceived usefulness of the tool and initial assessments of the theoretical
design model, reporting both usability analyses and real-case scenarios (RQ 2 and
RQ 3), described also in “GamiDOC: The Importance of Designing Gamification in a
Proper Way” (Bassanelli, Bucchiarone, & Gini, 2024). Chapter 6 presents the evalu-
ation of two different tools that used GamiDOC during the design phase (RQ 3 and
RQ 4). The studies are described in “Gamification- and Virtual Reality-Based Learn-
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ing Environment for UML Class Diagram Modeling” (Yigitbas, Schmidt, Bucchiarone,
Bassanelli, & Engels, 2024), and “Untitled Bee Game: Be(e)ing Mean to Learn More
about Eco-sustainability” (Bonetti, Bassanelli, Bucchiarone, Gini, & Marconi, 2024).
Last, Chapter 7 concludes the document, summarizing the points presented within,
providing a final discussion by answering the various research questions, and providing

guidance on future work to achieve a complete, working, and validated tool.
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Chapter 2

A scientometric approach to the

background literature

To provide a comprehensive analysis of the reference literature, in this chapter two
different scientometric reviews are described. These reviews provide us with a detailed
analysis of the structure of the literature related to gamification used in behavior change
and, subsequently, on the design methods used, giving us insights into the most impor-
tant papers, authors, and keywords and how these have changed over time. Related
to this data, I will next present (in Chapter 3) a detailed analysis of all the elements
that have contributed — and are still contributing to this change — and that have
highly influenced the work of GamiDOC and its components. We performed two sci-
entometric analyses: the first one — Section 2.3 — is related to the use of gamification
to pursue behavior change and it’s extrapolated from the paper “Gamification for Be-
havior Change: A Scientometric Review” (Bassanelli et al., 2022), while the second
one — Section 2.4 — is an analysis of gamification design, and it’s extrapolated from
the paper “Lost in Gamification Design: A Scientometric Analysis” (Bassanelli, Gini,
Bonetti, et al., 2024).

The literature on gamification in the behavioral change field is chosen for analysis
due to the ultimate goal of gameful systems: supporting and encouraging behavior
change in users across various domains, including education, environmental sustain-

ability, and other topics. It is therefore logical to think that gamification, by its very

21



principles, is not something to be used by people who are already motivated and enact-
ing a certain behavior. The analysis of drop-outs in gameful systems is an element to
be critically analyzed, as it is considered a symptom of both failure — in cases where
the user abandons it due to lack of motivation — and success in using the system —
in all those cases where users find no utility in using it because they already enact
the selected behavior or are motivated a priori. The rationale behind the analysis of
gamification design stems from the results of the first analysis, which show that most

articles and authors continue to question current design procedures.

2.1 Towards the scientometric analyses

To further analyze the current situation regarding gamification and the design process,
Scientometrics can be described as the study of how the literature is structured around
a topic, mapping the scientific citation, and understanding the impact of publications
in a specific research field (Leydesdorff & Milojevi¢, 2012). Given that gamification
is a relatively novel subject and is interrelated across diverse domains, it becomes im-
perative to examine the structural makeup within each gamification field. In these
studies, a compilation of documents was sourced from the Scopus' database. These
documents encompassed articles, references, authors, and keywords. Employing co-
citation techniques, which gauge the occurrence of multiple publications, authors, or
keywords being referenced together in other publications (C. Chen, 2016), the mate-
rial was categorized. The analysis transpired through the utilization of the CiteSpace
software? (C. Chen, 2014; C. Chen & Morris, 2003), integrating network and timeline
assessments. The CiteSpace software visually depicted documents through interactive
maps. The software employed various parameters and metrics to gauge the influence
of documents, authors, and keywords within particular clusters or across the entire
network. This facilitated the identification of paramount documents, authors, and key-
words in the realm of gamification literature pertinent to behavior change and positive

behaviors over time, and then to gamification design.

"https://www.scopus. com/.
2http://cluster.cis.drexel.edu/~cchen/citespace/.

22


https://www.scopus.com/
http://cluster.cis.drexel.edu/~cchen/citespace/

2.2 Data analysis and visualization

In both studies, we used the same analyses, metrics, and visualization techniques.
To explore the interconnectedness of scholarly documents, a method known as Doc-
ument Co-citation Analysis (DCA) was undertaken. This involved assessing the fre-
quency with which multiple documents were jointly cited in subsequent publications
(Aryadoust, 2020; Carollo, Bonassi, et al., 2021; C. Chen, Song, Yuan, & Zhang, 2008).
This analytical approach delves into co-citation networks, focusing on deciphering the
patterns of document clusters that emerge from shared citations (C. Chen, Ibekwe-
SanJuan, & Hou, 2010). When two documents garner substantial co-citations, it sug-
gests a thematic affinity between them (Bar-Ilan, 2008). Author Co-citation Analysis
(ACA) was employed to determine instances where authors were cited in conjunction
with one another. ACA unveils higher-order connectivity patterns among authors,
shedding light on their academic relationships (C. Chen et al., 2008). To unearth in-
fluential keywords and their evolution over time, a keywords analysis was conducted.
This method serves to uncover the central themes of the articles (X. Chen & Liu, 2020).
By scrutinizing keyword usage and co-occurrence, emerging and cutting-edge subjects
can be identified (Xie, 2015). The utilization of the CiteSpace software not only yields
cluster perspectives but also offers a chronological overview. This software generates co-
citation insights aligned with the temporal progression, enriching the analysis process

(Xie, 2015).

2.2.1 Metrics

To explore the characteristics of the networks and clusters, a range of temporal and
structural metrics derived from co-citation were employed. In evaluating the structural
attributes of the network, specific parameters were taken into consideration, including
betweenness centrality, modularity Q index, and average silhouette. Additionally, tem-
poral and hybrid metrics, such as citation burstness and sigma (X), were also integrated
into the analysis (Carollo, Bonassi, et al., 2021; C. Chen, 2014; C. Chen et al., 2009,
2010).

Betweenness Centrality: This metric pertains to each node within the network

23



and gauges the extent to which a node serves as a linkage between other nodes in the
network (C. Chen et al., 2010; Freeman, 1977). In essence, it quantifies how effectively a
single node functions as a bridge, connecting otherwise isolated nodes (Carollo, Bonassi,
et al., 2021). With a scale ranging from 0 to 1, higher values (close to 1) signify a node
that connects multiple sizable groups of nodes, thus indicating influential documents
or journals in the network (Gaggero et al., 2020).

Modularity Q Index: This index measures a network’s capacity to be divided
into modules or clusters. With values ranging between 0 and 1, lower values (near 0)
suggest that the network lacks clearly defined clusters, while higher values (above 0.7)
indicate a well-structured network divided into distinct groups. Values nearing one
suggest components that remain largely isolated from one another (Aryadoust, Tan, &
Ng, 2019; Carollo, Bonassi, et al., 2021; C. Chen et al., 2010; Gaggero et al., 2020).

Silhouette: Represented by a score that varies between -1 and 1, the silhouette
score gauges the homogeneity of a cluster. A high score (above 0.7) signifies a cluster’s
internal consistency and distinctness from other clusters. A moderate score (around
0.5) indicates a reasonable clustering outcome. Scores near zero indicate objects in a
cluster bordering neighboring clusters, while negative values suggest incorrect cluster
assignments (Carollo, Bonassi, et al., 2021; C. Chen et al., 2010; Rousseeuw, 1987; Zhou,
Chen, & Meng, 2019). Silhouette has two applications: measuring cluster homogeneity
and estimating network partitioning (average silhouette score) (Aryadoust, Zakaria,
Lim, & Chen, 2021).

Burstness: It relates to a sudden surge in citations for a node within a short
time frame within the overall time period (C. Chen et al., 2010; Kleinberg, 2003). This
metric reflects an abrupt upswing in research attention directed at a publication within
a specific timeframe (Aryadoust et al., 2019).

Sigma (X): Sigma serves as an indicator of scientific novelty and is calcu-
lated by combining betweenness centrality and citation burstness, represented as
¥ = (centrality + 1)?%7sess | Elevated sigma values signify works with greater influ-
ential potential, characterized not only by their strategically vital structural attributes
but also their distinctive temporal implications (C. Chen, 2016; C. Chen et al., 2009,
2010; Gaggero et al., 2020).
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2.2.2 Clustering

To identify document clusters within the framework of Document Co-citation Anal-
ysis (DCA), we employed the clustering feature within CiteSpace. This algorithm
forms clusters of publications by evaluating the strength of connections between docu-
ments that reference and those being referenced. The labels assigned to these clusters
are derived from noun phrases and index terms, utilizing three distinct algorithms:
Log-Likelihood Ratio (LLR), Mutual Information (MI), and Latent Semantic Index-
ing (LSI) (C. Chen, 2014). These algorithms adopt varying approaches to discern the
themes of the clusters. For instance, LSI operates on document matrices, while LLR
and MI deduce cluster themes by analyzing noun phrases found within the abstracts
of citing articles (C. Chen et al., 2010). All three algorithms were implemented to au-
tomatically assign labels to the clusters, and after evaluation, the LLR algorithm was
selected in both studies for comparison due to its capacity to provide distinct labels
with satisfactory coverage. The clusters that emerged through the application of the
LLR algorithm were subsequently numbered in a descending sequence based on their

cluster size, following the recommendation of the software’s creator (C. Chen, 2014).

2.3 Gamification for behavior change: A scientometric

review

Our aim in this analysis is to provide an accurate overview of the literature’s structure
and to describe in a structured and systematic fashion the developments and trends
behind the gamification-related literature in the domain of behavior change,
reporting the most influential documents, authors, and keywords. Considering the aim

of our research, we state the following research questions:

RQ A.1: What are the most influential documents in the gamification for
behavior change field?

RQ A.2: Who are the most influential authors contributing to the research

of behavior change?
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RQ A.3: How have research trends in gamification applied to behavior

modification changed over time?

2.3.1 Methods

In this section, we present the method adopted in our study. It is mainly composed of
two macro-steps: (i) the Literature search (Figure 2.1) and, (ii) the Data analysis
and visualization. The following sections present all the details needed to understand

the study protocol used and possibly replicate it.

2.3.1.1 Literature search

The data used for the analyses include 984 publications on gamification and its appli-
cation in the field of behavior change and positive behavior published between January
1st, 2012 and February 24th, 2022, with 46,609 unique references downloaded from the
Scopus database. The time range of publications depended uniquely on Scopus’ avail-
ability and no a-priori temporal exclusion criteria was applied. From an initial pool of
1,001 documents, we excluded those that were written in languages other than English
and duplicates, thus arriving at a final sample of 984 (Figure 2.1). The search code used
was " ( TITLE-ABS-KEY ( gamifx ) AND TITLE-ABS-KEY ( "behav* change" ) OR
TITLE-ABS-KEY ( "positive behav*" ) )". The search terms gamif* and behav*
were chosen as they take into account all possible forms derived from the root (i.e.
gamif* covers also gamification, and the verb gamify in all its forms; behav* covers
behavior, behavioral, behaviour, and behavioural). Gamification is a recent discipline
in large part because its literature is made up of book chapters and conference pa-
pers. The reason for choosing Scopus over other databases was its coverage of books,
book chapters, reference books, and scientific publications (C.-K. Huang et al., 2020;
Pranckute, 2021).
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Figure 2.1: Prisma diagram of the literature search.

Figure 2.2 presents the results of the frequency analysis performed on the sam-
ple, revealing the number of documents by year, the most productive institutions,
authors, and countries, and the subject areas. Figure 2.2a presents the total number
of documents by year. Overall, exponential growth can be observed in the research
domain, except for the last year, because it refers only to January and February. The
Scopus database presents only two and four publications in the first and second year
respectively, reaching 30 publications after two years; they reach their highest point
in 2021 with 180 publications, which corresponds to 20.1% of the total production in
the Scopus database. Figure 2.2b shows the different areas of application according to
the Scopus database division. The biggest area corresponds to the computer science
domain (28.9%); this is understandable as most of the gamification is implemented
in software and mobile applications. The second most frequent applications of do-
mains are medicine, and social sciences (12.7% each), followed by engineering (10.9%),
and mathematics (7%). Other areas of application are business, management, and
accounting (4.8%), psychology (3.4%), decision sciences, and environmental science
(2.9% each), and energy (2.7%). Figure 2.2¢ presents the 10 most productive authors.
J. Hamari is the most prolific with 15 publications, followed by R. Orji and A. Mar-
coni with 14 and 13 publications respectively. Other prolific authors are M. S. Patel
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(10 documents), P. Fraternali (9 documents), J. Vassileva (9 documents), J. Novak (8
documents), A. E. Rizzoli (8 documents), F. Celina (7 documents), and L. E. Nacke (7
documents). Figure 2.2d presents the most prolific countries. The first to appear was
the United States (167 documents), followed by the United Kingdom (119 documents),
Germany (96 documents), and Australia (69 documents). Other prolific countries are
Spain (65 documents), Italy (61 documents), Canada (56 documents), Netherlands (45
documents), Switzerland (45 documents), and Finland (42 documents). Figure 2.2e
presents the 10 most productive institutions. Tampere University is the most prolific
with 16 documents, followed by the University of Pennsylvania, VA Medical Center,
and Fondazione Bruno Kessler with 15 documents each. Other prolific institutions are
the Queensland University of Technology and The University of Oulu (14 documents
each), Politecnico di Milano (13 documents), the University of Pennsylvania Perelman
School of Medicine, The University of Auckland, and The University of Waterloo (with

12 documents each).
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Figure 2.2: Analysis of the Scopus search.

2.3.1.2 Data Analysis and Visualization
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The data from the Scopus database were converted to a CiteSpace-friendly format

(C. Chen, 2014) with the information related to each of the 984 publications retrieved.
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At this point, we used the CiteSpace software (version 5.8.R3) to analyze the data. Of
the total references cited, 44,682 of the 46,609 (95%) were considered valid. A small
loss of references is due to data irregularities that cannot be processed by CiteSpace.
This percentage of unprocessed references can be considered as a negligible loss of data

(C. Chen, 2016).

2.3.1.3 Settings

To generate and analyze the networks with CiteSpace, we set no time span, with the
time slicing outline at one per year. We compared three criteria for node selection to
identify the optimal DCA, ACA, and keyword analysis networks: Top N, Top N%, and
g-index. Top N function picks up the N most cited articles and uses information from
them to form the network for each time slice. Top N% includes the Top N% most cited
articles in each time slice to construct the network. G-index is an improvement of the
h-index that allows to measure the global citation performance of a set of articles. It
is the “(unique) largest number such that the top g articles received (together) at least
g* citations” (Egghe, 2006). The networks built with Top N with N at 50 and 25, Top
N% with N at 5 and 10, and g-index with a scaling factor at 10 and 25 were compared.

Overall, we selected the networks with Top N at 25 for DCA and keyword analysis,
and Top N at 50 for ACA, since they provided better overall effects on the network’s
structural metrics, number of nodes and links, and a major consistency in the cluster
structure for DCA. Furthermore, to obtain the best network possible, we set CiteSpace
parameters “Link Retaining Factor” and “Mazimum Links per node” as unlimited.
After a first check, we decided to set “Look back years” as “100” to remove the few
outlier values related to a few internet site references with wrong temporal information,
leading to alterations in the timeline representation. The selected network for each
analysis refers to the largest connected component, that is the largest subnetwork in

which you can start from any node and reach any other node (C. Chen, 2016).

2.3.1.4 Analysis

Document co-citation analysis (DCA) was performed to examine the frequency in which

multiple documents have been cited together in later publications (Aryadoust, 2020;
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Carollo, Bonassi, et al., 2021; C. Chen et al., 2008). The study of co-citation networks
focuses on interpreting the nature of clusters of co-cited documents (C. Chen et al.,
2010). If two documents receive high co-citations, they can be thematically connected
with each other (Bar-Ilan, 2008). Author co-citation analysis (ACA) was performed to
identify the times authors were cited together. It allows the identification of higher-
order connectivity patterns between authors (C. Chen et al., 2008). Keyword analysis
was carried out to detect the most influential keywords and their change over time.
It can provide information about the core content of the articles (X. Chen & Liu,
2020); analysis of keywords and their co-occurrence can help us find hot and cutting-
edge topics (Xie, 2015). Besides producing a cluster view, CiteSpace software can
also generate a timeline view. For all the analyses mentioned before, this provides

co-citation information as a function of the time sequence (Xie, 2015).

2.3.1.5 Clustering

Cluster labeling was conducted automatically using all three algorithms. After a first
check, we decided to use the LLR algorithm to compare the occurrences of terms in
the citing articles. The clusters obtained through the LLR algorithm were numbered
in descending order according to their cluster size. This approach is supported by
the software creator (C. Chen, 2014), since the cluster labeling LLR provides the best
results in unique labeling with sufficient coverage. The labels obtained were checked
by experts to modify duplicate or unsuitable labels (i.e. labels that did not match the
content of the cluster). A detailed description of this renaming process can be found
in the “results” section, within the “Document Co-citation Analysis” subsection. In
the cluster view, which displays a spatial representation of the diagram (Figure 2.5),
the thickness of the node reflects the amount of cited references inside the clusters.
The passage of time is represented by the color shading from the oldest (purplish) to
the newest (yellowish). In addition, multi-colored rings reflect the burstness (red) and

betweenneess centrality (purple).
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2.3.2 Results

In this section, we provide a set of results according to the adopted metrics for each

CiteSpace analysis used. Hence, we describe each cluster found through cluster analysis.

2.3.2.1 Document Co-citation Analysis (DCA)

The DCA provided a network with 922 nodes and 18,602 links, showing a modularity Q
index of 0.8561 and an average silhouette metric of 0.9649, suggesting that the network
was sufficiently divisible into clusters (according to the Q index) and that each cluster
was highly consistent (according to the silhouette index) (Figure 2.5).

DCA resulted in the identification of 18 co-citation clusters (Table 2.7) sorted from
the largest in size (cluster #0 = “Evaluating behavior change intervention”, size =
142, silhouette = 0.861, mean year = 2010) to the smallest (cluster #12 = “Persuasive

mobile application”, size = 6, silhouette = 0.991, mean year = 2010).
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Figure 2.3: Cluster view of the document co-citation analysis (DCA) generated
using CiteSpace Version 5.8.R3. Modularity Q = 0.8561; average silhouette = 0.9649.
Colored shades indicate the passage of time, from past (purplish) to the present time
(yellowish). Colored tree rings refer to the nodes with high betweenness centrality
(purple tree rings) and burstness (red tree rings).

Since some of the clusters identified through the DCA were not substantial enough,
we chose to present in detail only the 7 major clusters generated through the “generate

narrative” command. In addition, following Aryadoust et al. (2021), emphasizing the
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importance of considering clusters counter-label based on the evaluation of the docu-
ments within each cluster, we chose to rename cluster #5 “Evaluating behavior change
intervention” in “Student behavior” and cluster #6 “Human nature” in “Fun belief” (a
detailed description of the rationale for these changes will be performed below, during
the description of the individual clusters).

Among the 7 major clusters, the duration ranged from 25 to 58 years, presenting
several overlaps. Cluster #2 = “Motivating participation” has the higher duration over
time (58 years), followed by cluster #6 = “Fun belief” (previously “Human nature”)
(64 years) and cluster #3 = “Young men” (51 years). Cluster #4 = “Gamification” has
the smallest duration over time (25 years). By looking at publication mean year, cluster
#2 seems to be the oldest one (mean year = 2003), while cluster #0 = “Evaluating
behavior change intervention” (mean year = 2010), cluster #4 (mean year = 2011) and
cluster #6 (mean year = 2010) the most recent ones.

However, it is worth noting that the mean year of publication of some clusters may
have been largely biased by older publications. For example, cluster #2’s mean year of
publication is 2003, but this cluster is among those with a longer duration (58 years,
from 1954 to 2012) and bigger size (79). Since mean is extremely affected by extreme
values, older papers, even if few, may have drastically lowered the publication mean
year reported by CiteSpace. For this reason, we chose to group and describe clusters
by sorting them by size (i.e., by the number of cited documents in each cluster) (Table

2.7), rather than by year.

Below, the 7 major clusters found through the “generate narratives” command are
presented and described.
Cluster #0, “Evaluating behavior change intervention” is the biggest one in size, but
also the less homogenous (silhouette = 0.861) among the 7 major clusters. It contains
142 cited documents written between 1977 and 2019 (mean year = 2010), some of
which contributed to the definition and development of the gamification domain. This
cluster focuses mostly on describing the strengths and the weaknesses of gamification
applied to behavioral change. It also collects early and recently cited documents on

gamification and its application to different domains (mainly education, health and

33



environmental awareness), from both a theoretical and applied point of view. The
cluster name is in line with the scope of interest of this review and suggests that
the citing documents within this cluster refer mainly to the evaluation of behavior
change intervention programs. Although the citing documents do not always directly
address gamification, it is interesting to note that the three cited documents with the
highest citation frequency explicitly refer to gamification. The citing document with
the greatest coverage (i.e., the one that cited more references in the cluster) is Trinidad,
Ruiz, and Calderén (2021) with 18 citations, while the cited documents with the highest
citation frequency are Deterding, Dixon, et al. (2011) with a frequency of 210, Hamari
et al. (2014) with a frequency of 144, Seaborn and Fels (2015) with a frequency of 73
and McGonigal (2011) with a frequency of 61.

Cluster #1, “Designing motivation” and Cluster #2, “Motivating participation”
both have a size of 79 cited references, with the former ranging from 1968 to 2011
and the latter ranging from 1954 to 2012. Both clusters contain cited documents that
attempt to explore the importance of motivation in behavior change interventions,
with more theoretical and design-oriented documents in cluster #1 and more applied
documents in cluster #2. It is interesting to note that most of the cited documents
in these clusters are before 2011 (when gamification was mentioned for the first time)
and do not refer explicitly to gamification. Moreover, these two clusters draw their
name from a few citing documents (4 citing documents for cluster #1 and only one for
cluster #2) suggesting that the literature tends to remain anchored to few theoretical
papers. In cluster #1 the citing document with the greatest coverage is Nakajima and
Lehdonvirta (2013) with 79 citations, while the three most influential cited references
are Leonard (2008) with a frequency of 5 citations, Fogg (2002) with a frequency
of 4 and Reeves and Read (2009) with a frequency of 4. In cluster #2, all cited
documents show a citation frequency equal to one, as the cluster consists of only one

citing document, namely Vassileva (2012).

Cluster #3, “Young men”, contains 61 cited references written between 1961 and
2012 (mean year = 2006). It is mainly composed of cited documents that aim to
promote gamified physical activity programs in young participants. Like cluster #2,

cluster #3 consists of a single citing document, namely Ahola et al. (2013), which
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therefore contains all the cited documents with a citation frequency of one. The fact
that only one citing document makes up the cluster suggests that Ahola et al. (2013) is
a document of relevance in the literature, while the cluster name suggests that gamified

programs often have young participants as their target audience.

Cluster #4, “Gamification”, has a size of 57 cited documents from 1988 to 2013
and it is the most recent one according to the mean year (2011). Among the other
clusters, it is also the shortest in terms of duration (25 years). It collects several
cited documents involving behavioral change protocols, gamification, and gamification
applied to behavioral changes. The cluster consists of only two citing documents,
namely Schoech, Boyas, Black, and Elias-Lambert (2013) and Putz and Treiblmaier
(2015), both of which are theoretical documents on the application of gamification to
different domains. The only cited document that emerges in this cluster is (Ryan &
Deci, 2000) with a citation frequency of 5, while the remaining show a frequency of

one.

Cluster #b5, “Student behavior” (previously “Evaluating behavior change interven-
tion”), has a size of 55 cited references, written from 1980 to 2012 (mean year = 2007).
Cited documents included in this cluster involve mostly gamification applied to educa-
tion programs or theoretical works on gamification in general. By looking at the citing
and cited documents, it was noted that the cluster name “Evaluating behavior change
intervention” was redundant (as it was identical to cluster #0 name) and not precise,
while the name “Student behavior” allowed for more accurate capture of the cluster
core focus, as several documents involved exploring students behavior. Thus, the clus-
ter name was changed. Here, the citing document with the greatest coverage is Rao
(2013) with 36 citations, while the cited documents with the highest citation frequency
are Deterding (2012) with a frequency of 17 and Baranowski, Buday, Thompson, and
Baranowski (2008) with a frequency of 10.

Cluster #6, “Fun belief” (previously “Human nature”), contains 44 cited references
written between 1955 and 2012 (mean year = 2010). Most of its cited documents
are related to persuasive techniques, gaming, and gamification. The cluster name was
changed to “Fun belief” since “Human nature” was vague and not really informative

of the cluster content, while “Fun belief” represented the cluster more accurately. Its
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citing document with the greatest coverage is Whitson (2013) with 42 citations, while
the most influential cited documents are Fogg (2002) with a citation frequency of 22,

and Tekinbas and Zimmerman (2003) with a citation frequency of 5.

Cluster ID  Cluster label Size Silhouette Mean (year) Begin End Duration
0 Evaluating behavior change intervention 142 0.861 2010 1977 2019 42
1 Designing motivation 79 0.995 2008 1968 2011 43
2 Motivating participation 79 0.995 2003 1954 2012 58
3 Young men 61 1 2006 1961 2012 51
4 Gamification 57 0.988 2011 1988 2013 25
5 Student behavior 55 0.955 2007 1980 2012 32
6 Fun belief 44 0.968 2010 1955 2012 57

Table 2.1: Cluster labels computed via document co-citation analysis (DCA).

Through DCA, we computed the major 25 citation bursts; Table 2.2 reports the
strongest 10. The publication of Deterding, Sicart, Nacke, O’Hara, and Dixon (2011)
has the strongest burst of the network, with a strength of 16.41, and it was the burst
with the longest duration over time (4 years) along with the publication of Zichermann
and Cunningham (2011). The oldest bursts in the network started in 2014 (McGonigal,
2011; Zichermann & Cunningham, 2011), while the newest started in 2020 (Koivisto
& Hamari, 2019b; Sailer, Hense, Mayr, & Mandl, 2017). Interestingly, all the main
citation bursts are contained within the cluster #0, suggesting that this cluster collects

all the documents that have attracted research attention the most.

Reference Burst strength  Burst begin  Burst end Centrality Sigma  Cluster ID
Deterding, Dixon, et al. (2011) 16.41 2015 2019 0.72 7055.67 0
Koivisto and Hamari (2019b) 14.91 2020 2022 0.00 1.01 0
Hamari et al. (2014) 12.83 2016 2019 0.04 1.64 0
Seaborn and Fels (2015) 12.21 2019 2022 0.01 1.14 0
Zichermann and Cunningham (2011) 11.05 2014 2018 0.17 5.90 0
McGonigal (2011) 9.67 2014 2017 0.17 4.63 0
D. Johnson et al. (2016) 9.66 2019 2022 0.00 1.02 0
Hamari (2017) 8.61 2019 2022 0.00 1.03 0
Sailer et al. (2017) 8.14 2020 2022 0.00 1.02 0
Huotari and Hamari (2017) 8.02 2019 2022 0.00 1.02 0

Table 2.2: List of the top 10 documents for burst strength, estimated via document
co-citation analysis (DCA).

Among our network, the publication of Deterding, Dixon, et al. (2011) has a sigma
value higher than the other publications (7055.67), followed by Zichermann and Cun-
ningham (2011) (5.90), McGonigal (2011) (4.63), and Fogg (2002) (2.30). The other

values do not differ so much from 1. Instead, regarding the values for the between-
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ness centrality, publications range from 0 to 0.72 (Table 2.3). The highest value is the
publication of Deterding, Dixon, et al. (2011).

Reference Centrality Cluster 1D
Deterding, Dixon, et al. (2011) 0.72 0
Ryan and Deci (2000) 0.37 0
Prochaska and DiClemente (1983) 0.21 3
McGonigal (2011) 0.17 0
Zichermann and Cunningham (2011) 0.17 0

Table 2.3: Top 5 documents for betweenness centrality via document co-citation
analysis (DCA).

2.3.2.2 Author Co-citation Analysis (ACA)

By analyzing author co-citation analysis, we can find influential authors in the field of
gamification applied to behavior change. The magnitude of each node represents the
author’s citation counts and the length between two nodes represents the two author
co-citation frequency. A bigger node suggests an important author for the network; a
smaller distance between two nodes detect a high authors’ co-citation frequency, and
a closer research topic and direction (X. Chen & Liu, 2020). The network obtained
through the ACA contains 857 authors and 20,433 collaboration links (Figure 2.4),
showing a modularity Q index of 0.7988, and an average silhouette metric of 0.936. The
network has a wide range of collaborations, which reflects the interdisciplinary nature
of gamification and the several domains in which behavior change can be utilized.
Table 2.9 shows the top 10 authors according to citation frequency. The largest node
represents the author Deterding S with a citation frequency of 401 and a centrality value
of 0.61, followed by Hamari J with a citation frequency of 289 and a centrality of 0.01.
The third author ordered by citation frequency is [Anonymous| which is not of interest
because this might be due to missing names of the authors of some publications in the
Scopus dataset or due to loss of information during the conversion of the Scopus files.

Since it is considered an outlier, we decided to ignore it.

37



Authors Frequency Centrality

Deterding S 401 0.61
Hamari J 289 0.01
[Anonymous] 166 0.13
Ryan RM 131 0.04
Deci EL 119 0.05
Zichermann G 118 0.17
Werbach K 102 0.01
Fogg BJ 96 0.17
Seaborn K 95 0.01
Huotari K 89 0.03

Table 2.4: Top 10 cited authors ordered by citation frequency via author co-citation
analysis (ACA).

Table 2.10 presents the top 10 ranking authors according to burstness computed
via ACA. The author with the highest burst strength was Koivisto J (strength =
14.42, centrality = 0.01), whose burstness started in 2020 and ended in 2022, followed
by Morschheuser B (strength = 10.29, centrality = 0.00, 2019-2022) and Johnson D
(strength = 10.05, centrality 0.00, 2019-2022). However, the increasing trend in cita-
tions for the cited authors listed in Table 2.10 ended in 2022 (except Oinas-Kukkonen
H, which burst ended in 2019), which is the year this review was written, suggesting

that their burst strength is likely to continue for the foreseeable future.
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Figure 2.4: A visualization of the author co-citation analysis generated using CiteS-
pace Version 5.8.R3. Modularity Q = 0.7988; average silhouette = 0.936.
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Cited authors Burst strength  Begin  End Span Centrality Frequency

Koivisto J 14.42 2020 2022 2 0.00 83
Morschheuser B 10.29 2019 2022 3 0.00 36
Johnson D 10.05 2019 2022 3 0.00 74
Landers RN 10.04 2020 2022 2 0.00 67
Sailer M 9.24 2020 2022 2 0.00 62
Sardi L 8.84 2019 2022 3 0.00 35
Dichev C 8.34 2020 2022 2 0.00 19
Oinas-Kukkonen H 7.82 2017 2019 2 0.00 41
Cohen J 7.20 2020 2022 2 0.01 28
Edwards EA 7.09 2018 2022 4 0.00 30

Table 2.5: Top 10 author bursts computed via author co-citation analysis (ACA).

2.3.2.3 Keyword Co-occurrence Analysis

The keyword co-occurrence analysis is an important aid in explaining the structure
of scientific knowledge and discovering research trends (Su, Li, & Kang, 2019). The
detection of keywords refers to the words that are frequently used or that are used
in a shorter period. The keyword co-occurrence analysis provided a network with 325
nodes and 3,965 links, showing a modularity Q index of 0.5087 and a weighted mean
silhouette of 0.8698.

Table 2.11 lists the top 10 keywords with the strongest bursts. In terms of burst
strength, the top ranked keyword is “education” with a burst of 9.13, followed by
“health” with a burst of 8.12, “behavioural change” with a burst of 7.42, “behavioral
change” with a burst of 6.93 and “serious game” with a burst of 6.70. “Persuasive
technology”, “design”, “sustainable development”, and “intrinsic motivation” have the
earliest burst begin, while “major clinical study”, “controlled study”, “randomized
controlled trial”, “sustainability” and “article” have the latest burst begin, which is
over in 2022 because it was the date of our search. It is legitimate to think that it
could continue in the future years, increasing the duration time.

According to the beginning and the end of the burst, we can discover the change
over time for the topics in the field. In the early stages, “Persuasive technology”,
“design”, “sustainable development”, and “intrinsic motivation” are the mainstream

trends, followed by “health”, “health promotion”, “game based learning”, “educa-
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tion”, “human computer interaction”, and “video game”. After them, “behavioral
change”, “behavioural change”, “serious game”, “energy conservation”, “health behav-
ior”, and “psychology” have become the trends in the literature. However, “major
clinical study”, “controlled study”, “randomized controlled trial”, and “sustainability”

have become the research frontier in recent years.

Keywords Strength Begin End Duration
education 9.13 2015 2017 2
health 8.12 2014 2017 3
behavioural change 7.42 2016 2019 3
behavioral change 6.93 2017 2019 2
serious game 6.70 2016 2018 2
major clinical study 6.54 2019 2022 3
energy conservation 6.35 2017 2018 1
sustainability 6.06 2020 2022 2
human computer interaction 5.99 2015 2017 2
design 5.79 2013 2016 3

Table 2.6: Top 10 keyword bursts computed via keyword analysis.

2.3.3 Discussion

In this section we answer the research questions we initially defined. Our aim is to
provide a structured and systematic description of gamification’s literature applied to
behavior change. Thus, we outlined the main outcomes we found during the analysis
and we propose some directions for future studies. In each section, a single research

question is discussed based on the findings described in the results section.

2.3.3.1 What are the most influential documents in the gamification for

behavior change field?

To answer this question, we focused on DCA only, since it contains all the information
needed to respond. Here, to extrapolate the most influential documents we followed
two different ways: (i) on the one hand we looked at documents with higher burst
strength, betweenness centrality and sigma values (Tables 2.2, 2.3), as burstness reflect
a sudden research interest during a limited period of time, betweenness centrality reflect

the influence on the network and sigma is a combination of these two measures (see
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the Methods section for a detailed description); (ii) on the other hand we took the top

cited and citing documents contained in the clusters with higher size (Table 2.7).

Considering burst strength, betweenness centrality, and sigma values, the paper
that has attracted the most research attention and that has influenced the literature
network is definitely Deterding, Dixon, et al. (2011), with the first place in both burst
strength (16.41) and betweenness centrality (centrality = 0.72), and with a sigma value
significantly higher than the other documents (sigma = 7055.67). This document is the
first paper that defined the concept of “gamification”, describing the design of a typical
gamified paradigm and focusing on gamification’s historical origins and applications.
According to our review, it has been a cornerstone paper in the field of gamification
applied to behavioral change and it stands as a guideline for subsequent gamification
works. However, its citation peak ended in 2019 (burst started in 2015 and ended in
2019), suggesting that Deterding, Dixon, et al. (2011) has been a popular document in
this field for some years, but has recently been overlooked.

In contrast, citations bursts of Koivisto and Hamari (2019b) and Seaborn and Fels
(2015), ranked second (14.91) and fourth (12.21) in terms of burst strength respectively,
began in a relatively more recent year (2020 and 2019) and may not have ended yet
(bursts ended in 2022, which is the year this review was written). In detail, Koivisto
and Hamari (2019b) consists of a large systematic review on 819 empirical studies
that employed gamification, while Seaborn and Fels (2015) aims to conduct an im-
pressive review outlining the theoretical understandings of gamification and comparing
gamification with other methodologies (such as alternate reality games, games with a
purpose, and gameful design). Finally, at the third place in terms of burst strength
we found Hamari et al. (2014), with a burst of 12.83 (burst began in 2016 and ended
in 2019). This document consists of a large review on the effectiveness of gamification
when applied to different domains.

Looking at betweenness centrality, in the first place we find (as already reported)
Deterding, Dixon, et al. (2011) (centrality = 0.72), followed by Ryan and Deci (2000)
(centrality = 0.37), next Prochaska and DiClemente (1983) (centrality = 0.21), Mc-
Gonigal (2011) (centrality = 0.17), and finally Zichermann and Cunningham (2011)
(centrality = 0.17). Thus, Deterding, Dixon, et al. (2011) is also the document with
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the highest influence on the network of documents selected for this review. Interest-
ingly, only Prochaska and DiClemente (1983) describes an empirical study, while Ryan
and Deci (2000) is a review, and both McGonigal (2011) and Zichermann and Cun-
ningham (2011) are books. This might have affected their top rankings in betweenness
centrality: since books and reviews (generally) contain more information than scien-
tific papers, they are very likely to be cited more and in more domains. Moreover,
Zichermann and Cunningham (2011) and McGonigal (2011) show the second (5.90)
and third (4.63) highest sigma values respectively, suggesting that they are documents
with a high influential potential on the topic (C. Chen et al. (2009, 2010)).

Considering the top cited and citing documents within the four largest size clusters,
we find Deterding, Dixon, et al. (2011) and Hamari et al. (2014) as the most cited
documents in cluster #0 (i.e., the cluster with the largest size), with 210 citations
the former and 114 the latter, and Trinidad, Ruiz, and Calderén (2021) as the citing
document with the largest coverage (18). These documents are respectively a conference
paper, a review, and a bibliometric analysis, focusing on both theoretical and applied
aspects of gamification. Therefore, it is not surprising that they have been grouped in
cluster #0, which collects the most important documents concerning general theoretical
and applicative information on the gamification domain applied to behavior change. In
cluster #1, Leonard (2008) and Fogg (2002) are the cited documents with the higher
citation frequency, 5 and 4 respectively, while Nakajima and Lehdonvirta (2013) is the
citing document with the greatest coverage (79). Leonard (2008) and Fogg (2002) are
both before 2011 and they don’t address gamification directly. They are respectively
a comment on a book about nudging and a book chapter on persuasive techniques.
On the other hand, Nakajima and Lehdonvirta (2013) describes four case studies that

employed gamified persuasive technologies for behavior change.

Cluster #2 and #3 are both composed of a single citing document, thus each cited
document within each cluster has a citation frequency equal to one. This fact, in our
opinion, points out that the literature in the domain of gamification applied to behavior
change sometimes tends to remain anchored to few theoretical papers and struggle to
build a comprehensive network. In cluster #2, the citing document that collects all the

cited documents of the cluster is Vassileva (2012). This paper describes several different
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approaches to motivate people engaging in behavioral change programs. In cluster #3,
Ahola et al. (2013) is the only citing document: it consists of a paper describing a
massive study in which 1,500 young men undergo a 6-months online gamified activation
method to change their behavior.

Interestingly, the most important documents in the field of gamification applied to
behavior change are rarely papers about original experimental studies (apart from a
few studies, such as Ahola et al. (2013) and Prochaska and DiClemente (1983)). This
seems to suggest that this field possesses some strong theoretical works (mainly books
and reviews), but lacks corroborated experimental support. Future studies should focus

more on this second aspect.

2.3.3.2 Who are the most influential authors contributing to the research

of behavior change?

To address this research question, we rely on the results of the ACA. Tables 2.9 and
2.10 give us an overview of the most influential authors according to citation frequency
and burst strength.

Considering burst strength, the author who attracted the most research attention
over a period of time is Koivisto J (burst strength = 14.42). This author’s burst is
probably linked to the review Koivisto and Hamari (2019b), which is also the second
document for burst strength. Since the burst ends in 2022 (date of the review), it is
legitimate to think that it could continue in the future years, increasing the duration
time. This can mean Koivisto J is helping in shaping the recent and future parts of
the literature. In the second place in terms of burst strength, we find Morschheuser B
(burst strength = 10.29). His documents deal with gamification design (Morschheuser,
Hamari, Koivisto, & Maedche, 2017; Morschheuser, Hamari, Werder, & Abe, 2017,
Morschheuser, Hassan, Werder, & Hamari, 2018). His burst strength started in 2019
and ended in 2022. Also in this case we can think that the burst continues beyond
the date. In the third and fourth place in terms of burst strength, we find Johnson
D (burst strength = 10.05), whose most cited documents (C. Johnson et al., 2016;
D. Johnson et al., 2016; D. Johnson, Horton, Mulcahy, & Foth, 2017) deals with the

use of gamified solutions to motivate users to adopt behaviors related to health and well-
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being, and to the reduction of domestic energy consumption, and Landers RN (burst
strength = 10.04), whose publications deal with gamification theory (Landers, 2014;
Landers, Auer, Collmus, & Armstrong, 2018), gamification use (Armstrong & Landers,
2018), and several analysis on gamification elements (Landers, Bauer, & Callan, 2017;
Landers & Landers, 2014). Looking at the timeline of the most influential documents,

the authors with the biggest burst strength are the most recent.

Interestingly, exploring the research fields of the most influential authors for burst
strength, within the ones with the higher burst value (Koivisto J, Morschheuser B,
Johnson D ;| and Landers RN), only Johnson D directly applied gamification to produce
a behavioral change. Sorting the burst strength by the beginning year of burst, most of
the authors with an old burst (Bartle L, Marczewski A, Zichermann G, McGonigal J,
and Farzan R) deal with user motivation and participation, and gamification definition.
Hence, more recent authors for burst (Oinas-Kukkonen H, Nacke LE, and Edwards
EA) deal with gamification definition, personalization, and application in the health
domain. The most recent authors according to burst begin (Morschheuser B, Johnson
D, Sardi L, Koivisto J, Landers RN, Dichev C, and Cohen J) deal with the issues in
gamification development, the need of novel designing methods, and the application of

gamified solutions to produce behavioral changes in users.

Considering the citation frequency, the most influential authors are Deterding S
(citation frequency = 401) and Hamari J (citation frequency = 289). This result is not
surprising since a great amount of the most important documents in the gamification
domains are written by these two authors (Deterding, 2012; Deterding, Dixon, et al.,
2011; Deterding, Sicart, et al., 2011; Hamari, 2013, 2017; Hamari & Koivisto, 2013;
Hamari et al., 2014; Hamari & Tuunanen, 2014; Koivisto & Hamari, 2019b).

Overall, the ACA results suggest that initially, the structure of gamification’s lit-
erature applied to behavior change has been guided by the documents of Deterding S,
Hamari J, Marczewski A, Zichermann G, McGonigal J, Farzan R, and Bartle L, re-
sulting in an initial cohesive structure composed of theoretical documents dealing with
persuasion, design and gamification definition. Next, according to the newest bursts,
the current structure of gamification’s literature applied to behavior change is divided

into two parts depending on the main subject of the authors: (i) Morschheuser B, and
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Koivisto J deal with the need to question the current application and design method-
ologies, hence finding new solutions (Koivisto & Hamari, 2019b; Morschheuser, Hamari,
Werder, & Abe, 2017; Morschheuser et al., 2018); (ii) Johnson D, Sardi L, Cohen J,
and Landers RN deal with a practical application of gamification to promote behav-
ioral changes in users (D. Johnson et al., 2016, 2017; Sardi, Idri, & Fernandez-Alemén,
2017).

2.3.3.3 How have research trends in gamification applied to behavior mod-

ification changed over time?

To answer this question, we rely on an overview of the keywords change over time
and on the DCA analysis. Examining the keywords’ burst strength begin year (Table
2.11) and the major clusters’ mean years (Table 2.7), we managed to extrapolate a
timeline of the research trends in the gamification for behavior change domain. From
this analysis, it seems clear that the researchers’ interest has changed over time.

According to keywords, the first trends that appeared in the field of gamification ap-
plied to behavioral change are “design” (begin year = 2013), “health” (2014), “human
computer interaction” (2015), and “education” (2015). This seems to suggest that the
first research trends were linked to a general design stage, mainly involving health and
education domains. Hence, the trend has changed, showing interest in “serious games”
(2016) and “behavioral change” - which appears twice: “behavioural change” (2016)
and “behavioral change” (2017) -, thus suggesting that research attention shifted from
a general theoretical design stage toward the study of gamified procedures for behavior
change. Finally, the last trends are related to environmental awareness (“energy con-
servation”, begin year = 2017, and “sustainability”, begin year = 2020) and clinical
disorders (“major clinical study”, begin year = 2019), suggesting that these trends
are the most recent in the field of gamification for behavior change. Interestingly, the
burst’s ending year of “major clinical study” and “sustainability” is 2022, reflecting
the fact that the bursts may still be ongoing.

According to the DCA analysis, the oldest clusters are “motivating participation”
(mean year = 2003), “young men” (2006), “student behavior” (2007), and “designing

motivation” (2008). Considering the labels of these clusters and their content (in terms
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of cited and citing documents), it seems that the research interest in the behavior
change domain has been initially focused on the study of motivational intervention
designs targeting students or young subjects. On the other hand, the most recent
clusters (according to our review) are “evaluating behavior change intervention” (2010),
“fun belief” (2010), and “gamification” (2011), thus clusters that collect documents
on behavior change interventions (mostly gamified) and both theoretical and applied
studies on gamification. This suggests that, only in recent times, research has focused

on studying proper gamified interventions.

Overall, these results seem to suggest that trends have changed considerably over
time, first describing broad motivational intervention designs and then leading more
and more resources in the direction of a unitary concept of gamification based on
gamified interventions. Finally, according to the keywords analysis, it seems that the

most recent trends involve gamified intervention for environmental awareness.

2.3.3.4 Limitations

When interpreting the results of this scientometric review, it is worth noting that there
are some limitations to consider. First, only data from the Scopus database were used
in this study; data from other databases such as WoS, PubMed, and PsyInfo were not
used. Future studies could compare other databases to decide on the more comprehen-
sive database to use. Second, as already observed by other authors (Carollo, Balagtas,
Neoh, & Esposito, 2021; Carollo, Bonassi, et al., 2021), the scientometric approach of
DCA depends on the quantitative patterns of citations and co-citations: hence, all the
citations are treated the same way, leaving out the reason behind each citation. Third,
the impact of recent influential documents might have been underestimated, causing
a bias towards the old ones due to their longer lifetime. Lastly, only the names of
the first authors were used in the co-citation analyses performed in this study; hence,
the co-citation analysis may yield different results if all the author names were made

available.
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2.3.4 Study conclusion

Gamification is facing continuous growth in disparate application contexts (e.g. ed-
ucation, training, health, and so forth), especially in those that promote a positive
behavior change (Adridn & Elena, 2019). Indeed, gaming, as a motivating and engag-
ing activity, makes it easier to convince people to break their bad habits and change

their behavior.

This study analyzed research works on gamification to promote behavior change
or positive behaviors, based on publications from 2011 to 2022 available in the Scopus
database. It reveals that from a small number of publications that first appeared in
2011 and 2012, the number of works related to behavior change has exponentially grown
and that the application areas are many. We performed co-citation analysis to identify
the most influential documents, authors, and keywords, and how the documents are
gathered in clusters to represent the scientific domains within the available literature,
and we investigated the trends change over time. Overall, what emerges most is that the
research interest has changed slightly over time. In the beginning, it has been anchored
to those keywords, authors, and documents related to the self-determination theory, and
methods for designing gamification as a persuasive and motivational tool. According
to several recent reviews in the literature (Koivisto & Hamari, 2019b; Seaborn & Fels,
2015), the failure to promote a standard guideline, and the lack in employing adequate
methodological rigor (such as sample size selection and controlled experimental research
methods) has led to numerous inconsistent results with the gamification use. Hence, the
research interest appears to have spread into two main areas to solve these problems,
moving away from the first research topics: (i) the research for new solutions and new
design methods, and (ii) the application of gamification for promoting environmental

awareness, sustainability and well-being behaviors with greater methodological rigor.

In conclusion, the results of this study suggest that, as in other scientific areas
(Chambers & Tzavella, 2022; Foster & Deardorff, 2017), and in line with other gami-
fication domains (Trinidad, Ruiz, & Calderdn, 2021), we expect that the use of gami-
fication for behavior change will be supported by documents aimed at suggesting new

and standardized procedures for the gamification design, and documents promoting
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an adequate methodological rigor. It may be useful in the future to conduct sciento-
metric studies in specific fields related to behavior change (i.e. health and well-being,
environmental awareness, and sustainability). This may provide in-depth information
regarding the status of gamification for providing behavior change in various fields. We
hope that the findings of the present study will lead to a better understanding of the

topic we presented.

2.4 Gamification design frameworks: A scientometric

analysis

As above-mentioned, this section refers to a study entitled “Lost in Gamification De-
sign: A Scientometric Analysis” (Bassanelli, Gini, Bonetti, et al., 2024). The rationale
behind this study is related to the findings of our previous scientometric study and
to the recent relevant literature reviews (for example Koivisto and Hamari (2019b);
Mora, Riera, Gonzélez, and Arnedo-Moreno (2017); Sailer et al. (2017)), that present
the relevant issues related to the design of gameful systems. As mentioned clearly by
Mora et al. (2017), a large number of frameworks for the design of gameful systems can
be found in the literature. However, most of these frameworks have been developed
ad-hoc for business or a single case study, so no validation of the models has been
done; moreover, these frameworks exhibit high heterogeneity, especially for theoretical
concepts, and present a lack of personalization components.

With this study, we want to describe the major trends and changes in this liter-
ature in a systematic way, focusing on the most important documents, authors, and
keywords related to gameful systems design. To achieve this goal, we have formulated

the following research questions:
RQ B.1: What are the most influential documents?
RQ B.2: Who are the most influential authors?

RQ B.3: How have research trends changed over time?
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2.4.1 Methods

The analyses were based on 1,751 publications about gamification design frameworks
and models published between January 1, 2012, and December 16, 2022. The Scopus
database was used to download 66,880 unique references. The time range of publi-
cations depended uniquely on Scopus’ availability, and no a priori temporal exclusion
criteria were applied. Out of a group of 1,826 documents, we discarded the results that
were not written in English and the duplicates, leaving us with a sample of 1,751. The
search code used was \ (TITLE-ABS-KEY (gamif*) AND TITLE-ABS-KEY (design AND
framework) OR TITLE-ABS-KEY

(design AND model))". The data from the Scopus database were converted to a
CiteSpace-friendly format with the information related to each of the 1,751 publica-
tions retrieved. At this point, we used the CiteSpace software (version 6.1.R4) to
analyze the data. Of the total references cited, 64,109 of the 66,880 (95%) were con-
sidered valid. Due to mistakes in the data that CiteSpace cannot fix, a small number
of references were lost. This percentage of unprocessed references can be considered a
negligible loss of data (C. Chen, 2016). Using CiteSpace, we analyzed networks without
setting any time limits. We divided the time frame into annual slices and evaluated
three different criteria for selecting nodes in the networks: Top N, Top N%, and g-
index. We compared networks created using the Top N method with N set to 25, the
Top N% method with N set to 5 and 10, and the G-index method with a scaling factor
of 10 and 25.

In summary, we chose to use the networks generated with the Top N and a scaling
factor of 25 for our Document co-citation analysis (DCA), author co-citation analysis
(ACA), and keyword co-occurrence analysis as they produced the best overall results
in terms of structural metrics, number of nodes and links, and consistency in cluster
structure for DCA. The chosen network for each analysis refers to the largest connected
component (LCC), which is the largest sub-network where it is possible to reach any
node from any other node (C. Chen, 2016). In this case, the LCC included 890 nodes
(71% of the whole network).
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2.4.2 Results
2.4.2.1 Document co-citation analysis

The DCA provided a network with 1,243 nodes and 24,911 links, showing a modularity
Q index of 0.8614 and an average silhouette metric of 0.9369, suggesting that the
network was sufficiently divisible into clusters (according to the Q index) and that

each cluster was highly consistent (according to the silhouette index) (Figure 2.5).
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Figure 2.5: Cluster view of the document co-citation analysis (DCA) generated
using CiteSpace Version 6.1.R6. Modularity Q = 0.8614; average silhouette = 0.9369.
Colored shades indicate the different clusters.

The DCA resulted in 17 co-citation clusters, sorted from the largest in size (cluster
#0 = “gamification background”, size = 183, silhouette = 0.759, mean year = 2007) to
the smallest (cluster #26 = “online community”, size = 15, silhouette = 0.991, mean
year = 2006). Since some of the clusters identified through the DCA were not substan-
tial enough, others were too heterogeneous and others had been created by a few citing
papers, we chose to present in detail only 4 of the major clusters generated through
the ”generate narrative” command (Tab 2.7). Furthermore, in alignment with the rec-

ommendations of Aryadoust et al. (2021), which stress the significance of evaluating
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the contents within each cluster, and to differentiate them, we have elected to adopt a
new nomenclature for cluster #3, replacing the term “gamification background” with

“gamification experience” to identify the clusters more accurately.

Cluster ID  Cluster label Size Silhouette Mean (year) Begin End Duration
0 gamification background 227 0.759 2007 1938 2020 82
1 motivating participation 81 0.991 2003 1954 2012 58
3 gamification experience 66 0.955 2003 1967 2012 45
4 contextual learning 63 0.980 2002 1980 2012 32

Table 2.7: Cluster labels computed via document co-citation analysis (DCA).

Among the reported clusters, the duration ranged from 32 to 82 years, presenting a
partial overlap. In this section, each of the clusters presented is described qualitatively,
in descending order of their size. They are described in terms of citing papers and
cited papers. Citing papers that contribute to each cluster can be characterized by
their coverage (number of references in the cluster cited by that paper) and global
citing score (GCS: the total number of citations of that paper according to Scopus).

Cluster #0, “gamification background”, is the biggest one in size (size = 183,
silhouette = 0.759). It comprises the following top citing papers: Teh, Schuff, Johnson,
and Geddes (2013) (coverage = 29; GCS = 10), Herzig, Jugel, Momm, Ameling, and
Schill (2013) (coverage = 22; GCS = 30), and Nah, Telaprolu, Rallapalli, and Venkata
(2013) (coverage = 12; GCS = 59). These papers mainly focus on how to use motiva-
tional elements to increase user participation in theory, learning, and business. Specif-
ically, Teh et al. (2013) report the need in gameful systems design to tap into intrinsic
motivations by framing tasks in ways that evoke positive attitudes through challenge
and friendly competition. The LLR label of the cluster, “gamification background”,
points to the importance of gamification background, hence how can gamification be
a useful approach to motivate users in different contexts. As a result, the most cited
papers in this cluster mainly present the theoretical aspect of gamification effective-
ness (Deterding, Dixon, et al., 2011; McGonigal, 2011; Robson, Plangger, Kietzmann,
McCarthy, & Pitt, 2015; Seaborn & Fels, 2015), how to correctly design gamified so-
lutions (Huotari & Hamari, 2017; Werbach, Hunter, & Dixon, 2012; Zichermann &
Cunningham, 2011), game design elements effectiveness to foster motivation (Dicheva

et al., 2019; Sailer et al., 2017), the difficulty to use game design technique and what
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issues need to be curbed(Hamari et al., 2014; Koivisto & Hamari, 2019b), and how
to implement game-based learning in the classroom (Dominguez et al., 2013; Hanus &

Fox, 2015; Kapp, 2012).

Cluster #1, “motivating participation”, is the second cluster in size (size = 81,
silhouette = 0.991). It is mainly composed of two citing papers that focus on the use of
gamification to increase users’ motivation through persuasion. Specifically, Vassileva
(2012) (coverage = 81; GCS = 145) present a paper with an overview of different
approaches to motivate users to participate, and M. Oja and Riekki (2012) (coverage =
31; GCS = 7) present a framework that facilitates creation and evaluation of persuasive
systems based on different theories to change users’ behavior in a desirable way. The
LLR label of the cluster, “motivating participation”, refers to how important is to
provide the right stimuli to foster users’ motivation. As a result, the majority of the
cited papers present some background about persuasion techniques (Cheng & Vassileva,
2005; Fogg, 2002), intrinsic motivation and self-determination theory (Deci et al., 1985;
Reiss, 2004) and how gamification can help increase user motivation (Deterding, Dixon,
et al., 2011; Deterding, Sicart, et al., 2011).

Cluster #3, “gamification experience” (size = 66, silhouette = 0.955), is composed
of three main citing papers: Marache-Francisco and Brangier (2014) (coverage = 62;
GCS = 16), M. Oja and Riekki (2012) (coverage = 29; GCS = 7), and Holman, Aguilar,
and Fishman (2013) (coverage = 5; GCS = 37). The most citing document, “The
Gamification Experience: UXD with a Gamification Background” (Marache-Francisco
& Brangier, 2014), is a book chapter in which the authors provide a categorization
of gamification elements through HCI design concepts. The authors refer to three
different dimensions: sensory-motor modalities, motivation elements, and cognitive
process support elements. The documents cited with the highest citation frequency
deal mainly with game design, engagement and flow (Adams, 2014; Csikszentmihalyi

& Csikzentmihaly, 1990; Reeves & Read, 2009; Schell, 2008)

Cluster #4, “contextual learning” (size = 63, silhouette = 0.980), comprehends
a list of cited papers that refer to game-based learning, contextual learning, student
behavior (Brown, Collins, & Duguid, 1989; Gee, 2003; Prensky, 2003; Weisberg, 2011).

The citing document with the greatest coverage in this cluster are Li, Grossman, and
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Fitzmaurice (2012) (coverage = 41; GCS = 170), and Bidarra, Figueiredo, and Natalio
(2015) (coverage = 24; GCS = 20). These papers mainly focus on the use of gamification
and a game-based approach for contextual learning.

Through DCA, we computed the major 10 citation bursts (see Table 2.8). The
publications of Koivisto and Hamari (2019b), Seaborn and Fels (2015), and Sailer et
al. (2017) have the strongest burst of the network, with a strength of 22.50, 22.29,
and 20.96 respectively. The publication of Hamari et al. (2014) is the burst with the
longest duration over time (6 years). The oldest burst in the network started in 2014
(McGonigal, 2011), while the newest started in 2019 (Koivisto & Hamari, 2019b; Sailer
et al., 2017; Werbach et al., 2012). Among our network, the publications of McGonigal
(2011), Kapp (2012), and Zichermann and Cunningham (2011) have a sigma value
higher than the other publications (10.98, 3.31 and 2.01 respectively), followed by
Deterding and colleagues (Deterding, Dixon, et al., 2011; Deterding, Sicart, et al.,
2011) (1.86 and 1.68 respectively), Schell (2008) (1.64), and Reeves and Read (2009)
(1.50). The other documents present lower values. Instead, regarding the values for
the betweenness centrality, publications range from 0 to 0.21. The only document that

stands apart is McGonigal (2011) with a betweenness centrality value of 0.21.

Reference Frequency Burst strength Burst begin  Burst end Centrality Sigma Cluster ID
Koivisto and Hamari (2019b) 57 22.50 2019 2022 0.00 1.02 0
Seaborn and Fels (2015) 111 22.29 2017 2022 0.01 1.25 0
Sailer et al. (2017) 62 20.96 2019 2022 0.00 1.07 0
Hamari et al. (2014) 52 13.33 2016 2022 0.01 1.09 0
Deterding, Dixon, et al. (2011) 120 12.66 2016 2020 0.05 1.86 0
McGonigal (2011) 50 12.56 2014 2016 0.21 10.98 3
Dicheva et al. (2019) 55 11.47 2017 2022 0.00 1.02 0
Werbach et al. (2012) 112 10.55 2019 2022 0.03 1.42 0
Kapp (2012) 97 10.38 2016 2020 0.12 3.31 0
Robson et al. (2015) 40 9.38 2017 2022 0.00 1.03 0

Table 2.8: List of the top 10 documents for burst strength, estimated via document
co-citation analysis (DCA).

2.4.2.2 Author co-citation analysis

By analyzing author co-citation analysis, we can find influential authors in the field
of gamification design frameworks. The network obtained through the ACA contains

344 nodes and 7,940 collaboration links, showing a modularity @ index of 0.5785, and
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Figure 2.6: Overview of the author co-citation analysis (ACA) generated using CiteS-
pace Version 6.1.R6. Modularity Q = 0.5785; average silhouette = 0.8943. Colored
rings refer to the nodes with high burstness.

an average silhouette metric of 0.8943 (Figure 2.6). The network has a wide range
of collaborations, which reflects the interdisciplinary nature of gamification and the

several domains in which it is applied.

Table 2.9 presents the top 10 authors according to the citation frequency. The
largest node represents Deterding S. with a frequency of 647 and a centrality value of
0.45, followed by Hamari J. with a citation frequency of 399 and a centrality of 0.01,
and Werbach K., with a citation frequency of 213 and a centrality value of 0.

Table 2.10 depicts the top 10 authors according to citation burst, or the number
of citations for an author over a short time period. The author with the highest burst
strength is Koivisto J. (strength = 17.34, centrality = 0.01), whose burstness started
in 2020 and ended in 2022, followed by Sailer M. (strength = 16.47, centrality = 0.00)
and Landers R. M. (strength = 14.24, centrality = 0.00). However, the citation burst
of some authors ended in 2022, which is the year this review was written, suggesting

that their burst strength is likely to continue for the foreseeable future.
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Authors Frequency Centrality

Deterding S. 647 0.45
Hamari J. 399 0.01
Werbach K. 213 0.00
Zichermann G. 189 0.11
Ryan R. M. 189 0.03
Kapp K. M. 175 0.01
Csikszentmihalyi M. 159 0.10
Seaborn K. 155 0.00
Deci E. L. 150 0.07
Huotari K. 145 0.01

Table 2.9: Top 10 cited authors ordered by citation frequency via author co-citation
analysis (ACA).

Cited authors Burst strength Begin End Span Centrality Frequency

Koivisto J. 17.34 2020 2022 2 0.01 111
Sailer M. 16.47 2020 2022 2 0.00 113
Landers R. N. 14.24 2019 2022 3 0.00 79
Gee J. P. 14.20 2014 2016 2 0.01 32
Dicehv C. 14.03 2020 2022 2 0.00 32
Malone T. W. 14.01 2011 2017 6 0.09 46
McGonigal J.  13.29 2013 2017 4 0.14 100
Mora A. 13.21 2018 2022 4 0.00 63
Schell J. 12.97 2013 2016 3 0.01 30
Mekler E. D.  12.21 2017 2019 2 0.00 32

Table 2.10: Top 10 author bursts computed via author co-citation analysis (ACA).

2.4.2.3 Keyword co-occurrence analysis

The keyword co-occurrence analysis is an important aid in explaining the structure of
scientific knowledge and discovering research trends (Su et al., 2019). The detection
of keywords refers to the words that are frequently used or that are used in a shorter
period. The keyword co-occurrence analysis provided a network with 218 nodes and
2,365 links, showing a modularity Q index of 0.5305 and a weighted mean silhouette of
0.87.

Table 2.11 lists the top 10 keywords with the strongest bursts. In terms of burst
strength, the top-ranked keyword is “education” with a burst of 15.64, followed by

“software engineering” with a burst of 10.07, “teaching” with a burst of 8.15, “design”
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with a burst of 8.06 and “application program” with a burst of 7.87. “Design” has the
earliest burst begin, while “application program”, “survey”, and “artificial intelligence”
have the latest burst begin. The “survey” burst ends in 2022 because it was the date of
our search. It is legitimate to think that it could continue in the future years, increasing

the duration time.

Keywords Strength Begin End Duration
education 15.64 2015 2017 2
software engineering 10.07 2015 2017 2
teaching 8.15 2016 2018 2
design 8.06 2013 2015 2
application program 7.87 2019 2020 1
information use 7.78 2018 2019 1
survey 7.06 2019 2022 1
artificial intelligence 6.84 2019 2020 1
article 6.59 2018 2020 2
computer game 6.51 2017 2019 2

Table 2.11: Top 10 keyword bursts computed via keyword analysis.

2.4.3 Discussion

In this section, we answer the research questions that we defined at the beginning of
Section 2.4. Qur final aim is to provide a structured and systematic description of
the literature related to the design frameworks developed and used in the gamification

domain.

2.4.3.1 What are the most influential documents?

To answer this question, we focused on DCA only, since it contains all the information
needed to respond. Our analysis is mainly based on two different approaches: (i) we
looked at the documents with the higher sigma values, burst strength, and betweenness
centrality since burstness reflects sudden research interest in a limited period of time,
betweenness centrality reflects the influence on the network and sigma is a combination
of these two measures (Bassanelli et al., 2022), and on the other hand, (ii) we considered

the top cited and citing documents contained in the presented clusters.
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Considering the three metrics and the frequency, the papers that have attracted the
most research attention and that have influenced the literature network are definitely
Seaborn and Fels (2015) (burst strength = 22.29, sigma = 1.25), Koivisto and Hamari
(2019b) (burst strength = 22.50, sigma = 1.02), Sailer et al. (2017) (burst strength =
20.96, sigma = 1.07), and McGonigal (2011) (burst strength = 12.56, sigma = 10.98).
In detail, Seaborn and Fels (2015) aim to examine the current theoretical underpinnings
of gamification, as well as to compare and contrast gamification with related methodolo-
gies such as alternate reality games, games with a purpose, and gameful design. “The
rise of motivational information systems: A review of gamification research” (Koivisto
& Hamari, 2019b) consists of a large systematic review of 819 empirical studies that
employed gamification which reports a critical overview of gamification application and
a detailed future research agenda that suggests future directions for gamification re-
search; “How gamification motivates: An experimental study of the effects of specific
game design elements on psychological need satisfaction” (Sailer et al., 2017) consists
of a randomized controlled study in an online simulation environment with different
configurations of game design elements. In “Reality Is Broken: Why Games Make Us
Better and How They Can Change the World” (McGonigal, 2011), the author argues
that games have the power to make people happier, more productive, more creative and
that they can be used to solve real-world problems. Moreover, the author suggests that
games are inherently more engaging and motivating than other forms of media and that
people are naturally drawn to the kind of challenges and feedback that games provide.
According to the sigma value, this work can be considered a milestone that signifi-
cantly impacted shaping the literature on gamification design frameworks (C. Chen et
al., 2009, 2010). However, the citation peak (or the burstness) of the cited papers ended
in 2016 (burst started in 2014 and ended in 2016), suggesting that this document had
been influential for some years for design frameworks in gamification, but has recently
been overlooked. The burst of the other above-mentioned papers began in a relatively
more recent year (2017 and 2019) and may not have ended yet (bursts ended in 2022,
which is the year this review was written). Considering the citation frequencies, the
most important documents are Deterding, Dixon, et al. (2011) (citation frequency =

120), Werbach et al. (2012) (citation frequency = 112) and Seaborn and Fels (2015)
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(citation frequency = 111). Interestingly, these documents are also considered among
the most important according to the metrics.

All the named documents, except McGonigal (2011), are representative of cluster
#0, which collects the most important documents of both theoretical and practical
information on gamification theory and background. Due to this, the cluster results
are broader and more heterogeneous than the others, reflecting the trend in the gam-
ification design framework production to remain anchored to a few theoretical papers
and struggle to build a comprehensive network. Cluster #1, albeit presenting a smaller
number of documents, presents a collection of articles related to the self-determination
theory and persuasion technique, providing insight into how important this part of the
literature is in the design phase of gameful systems and the creation of design frame-
works. Clusters #3 and #4 have a lower impact on the overall network; however, their
analysis suggests that is important to use specific frameworks for contextual learning,
that is a teaching and learning approach that emphasizes the importance of under-
standing the context in which new information is presented, by connecting it with their
daily life, personal, social, and cultural circumstance (Mahendra, 2016).

Overall, the field of gamification design frameworks and models appears to have
been shaped initially by documents that focus on persuasion techniques, and generically
on gamification definition and background. Lately, there seems to have been a shift
in reference documents, giving increasing importance to methodological and critical

references.

2.4.3.2 Who are the most influential authors?

To address this research question, we rely on the results of the ACA. Table 2.9 and Table
2.10 give an overview of the most influential authors according to citation frequency
and burst strength.

Considering the burst strength, Koivisto J. is the author who attracted the most
research attention over a period of time (burst strength = 17.34). The author burst
is probably due to the paper “The rise of motivational information systems: A review
of gamification research” (Koivisto & Hamari, 2019b), which is considered one of the

most influential documents according to the DCA analysis. Since the burst ended in
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2022, it is legitimate to think that the burst might continue in the foreseeable future.
According to the burst strength, the second influential author is Sailer M. The burst is
probably related to the paper “How gamification motivates: An experimental study of
the effects of specific game design elements on psychological need satisfaction” (Sailer
et al., 2017), which is one of the most influential documents according to the DCA.
According to the burst timing, the authors with the earlier burst are Malone T. W.
(2011 to 2017), Schell J. (2013 to 2016), McGonigal J. (2013 to 2017), and Gee J. P.
(2014 to 2016). Their works mainly focus on teaching and learning mechanics used by
video game developers and how these game design elements can be used in education.
While, the authors with the later burstness are Koivisto J. (2020 to 2022), Sailer M.
(2020 to 2022), Dichev C. (2020 to 2022), Mora A. (2018 to 2022), and Landers R.
N. (2019 to 2022). Their works mainly focus on critical reviews about gamification
design and application, what are the main issues, and how to face them to design
and use properly gameful systems. Taking into account the frequency, Deterding S.
(647), Hamari J. (399), Werbach K. (213) Zichermann G. (189), and Ryan R. M. (189)
are considered the most influential authors of the network. It is not surprising since
these authors produced some papers that are considered a cornerstone in the field of
gamification (Deterding, Bjork, Nacke, Dixon, & Lawley, 2013; Deterding, Dixon, et
al., 2011; Deterding, Sicart, et al., 2011; Hamari et al., 2014; Huotari & Hamari, 2017;
Werbach et al., 2012; Zichermann & Cunningham, 2011), and their articles have helped
shape what is the current literature on gamification. Interestingly, these authors do
not present a citation burst because a highly cited paper may not be identified with a

citation burst if its citation counts over the years are relatively stable.

Overall, the ACA results suggest that initially the structure of the literature about
gamification design frameworks and models has been based on the analysis of game
design and how to implement game design elements in educational contexts. According
to the previous section, there seems to have been a shift in reference documents, and the
authors have placed more emphasis on critical reviews and research agendas (Koivisto

& Hamari, 2019b; Landers et al., 2018).

99



2.4.3.3 How have research trends changed over time?

To answer this question, we rely on an overview of the keyword’s change over time
and on the DCA and ACA burst strength time shift. The research trends in the
field of gamification design have been analyzed by examining the burst strength of
keywords and the burst of the most influential documents. A timeline of these trends
was extrapolated from this analysis. Results indicate that there has been a shift in the

focus of researchers over time.

According to the analysis of the keywords, the first trends that appeared in the field
of gamification design frameworks were “design” (beginning year = 2013), “education”
(2015), and “software engineering” (2015). This timeline might reflect the initial inter-
est in the design of gameful systems (for examples see Deterding (2012); Deterding et
al. (2013); Zichermann and Cunningham (2011)) and their first application in educa-
tion, especially in the field of software engineering and computer science (see Barata,
Gama, Jorge, and Gongalves (2013); Kapp (2012) for examples). Later, the keywords
changed to “teaching”, “application program”, “information use” and “artificial in-
telligence”, indicating that the trend has not totally changed, but there has been a
growing interest in information use techniques, mainly automated, to provide adapta-
tion of gamified systems. According to the DCA and ACA mentioned above, results
indicate how the trend in the literature was initially based on articles and authors that
focused on persuasion techniques and the usefulness of gamification (both in a generic
way and specific way), and that later the main trend was to question the elements of

game design hitherto considered, to create new design methodologies that are effective.

Overall, these results seem to suggest that trends have changed considerably over
time, first describing broad motivational intervention designs, and generic design tech-
niques, then leading more and more resources in the direction of a new critical approach
toward gamification, suggesting that there are no models or frameworks for the design
of gameful systems that are widely used, or that are a reference for the production of

further design frameworks or models.
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2.4.4 Study conclusion

Gamification, as the application of game elements in non-playful contexts, to moti-
vate and engage users became more and more adopted in the last decade (Koivisto
& Hamari, 2019b), along with the increased number of gamification frameworks born
with the intent of guiding designers in the definition of gamified systems (Mora et al.,
2017). In the current scientometric review, we aimed to explore the structure of the
references related to gamification design frameworks and models. Through Scopus, and
then CiteSpace, we analyzed a final number of 1,751 publications and 64,109 unique
references to identify the most influential documents (RQ B.1), authors (RQ B.2),
and the main trends (RQ B.3). Through a DCA we were able to select the most
impactful publication (Koivisto & Hamari, 2019b; McGonigal, 2011; Sailer et al., 2017;
Seaborn & Fels, 2015) (RQ B.1), by ordering the results by burst strength, sigma
and citation frequency (X). We performed an ACA to answer to RQ B.2 and identify
the authors that contributed more to the research on gamification design frameworks,
sorting the authors by the burst strength. Based on the years of interest, we found two
distinct sets of authors. Through the analysis of keyword change over time, and the
burst strength time shift in both DCA and ACA we noticed a change in the trend of
research interests in the study of gamification design frameworks. As for the analysis
of the keywords, the results indicate a moderately increased interest in the use of auto-
mated techniques to design adaptive gamified systems, which have lately been replaced
by an increasing interest in surveys. Also, from the results of the DCA and ACA we
observed a shift of emphasis from the implementation of game elements in education,

to critical reviews and research agendas (RQ B.3).

In conclusion, methodological papers about gamification, game design, and persua-
sive techniques have influenced the production of gamification design frameworks for
nearly a decade. Then, due to numerous inconsistent results with the gamification use,
the research interest appears to have changed (Hamari et al., 2014; Koivisto & Hamari,
2019b; Seaborn & Fels, 2015). In line with other findings in the literature (Bassanelli et
al., 2022), the current trend seems to be to question current methodologies to research

new reliable solutions.
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2.5 Limitations

As reported in Section 2.3.3.4, scientometric analyses have limitations that must be
considered when interpreting the data. Moreover, the studies I reported in this chapter
have some limitations that restrict their validity. First, there was no careful control
in selecting and excluding more or less relevant articles. Consequently, no relevant
articles were added manually (commonly referred to as snowballing), practice that
when combined with database searching, provides a better result in selecting primary
studies, greatly increasing the validity of a study (Wohlin, Kalinowski, Felizardo, &
Mendes, 2022). Second, reviews were not excluded from the analysis, since what we
were interested in the study was an accurate analysis of the networks created around
the relevant literature, which was comprehensively composed of survey papers and
reviews, which on the one hand may have led to a bias in the creation of co-citation
networks, while on the other hand, it made explicit the importance of reviews in the

field of gamification.

2.6 Conclusion

Overall, both studies show that there has been a linear change in document and author
selection over time. Above all, they show how from an initial pull of references re-
lated to persuasive and theoretical techniques, researchers have moved to the need for
systematic and standardized methodologies. Specifically, in line with the documents
of Koivisto and Hamari (2019b), Seaborn and Fels (2015), and Mora et al. (2017),
both studies show that it is considered increasingly important to find new ways to do
gameful systems design, improving the reliability and effectiveness of gameful systems.

Starting from these conclusions, we decided to specifically analyze each component
that should be considered during the design of gameful systems, relying on what some of
the most influential documents and authors from the two scientometric studies reported
in their works. The findings are reported in Chapter 3, and are the basis on which the

conceptualization and development of the GamiDOC model was based (Chapter 4).
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Chapter 3

The challenges in gameful

systems design

More and more sources in the literature are reporting that gamification’s application
doesn’t consistently meet the intended standards and sometimes it yields unfavor-
able or inconclusive outcomes (Bassanelli & Bucchiarone, 2022; Bassanelli et al., 2022;
M. A. Hassan, Habiba, Khalid, Shoaib, & Arshad, 2019; B. Huang & Hew, 2018;
Koivisto & Hamari, 2019b; Seaborn & Fels, 2015). In other words, the implementation
of gamification exhibits a wide range of results, mainly due to interfering factors. In
the following chapter, to answer RQ 1, we elaborate extensively on the factors that
contribute to the challenges in designing gameful systems. The topics discussed are
excerpted from the documents “GamiDOC: The Importance of Designing Gamifica-
tion in a Proper Way” (Bassanelli, Bucchiarone, & Gini, 2024), and “The role of game
modality in the outcomes of gamification: A research agenda” (Gini et al., 2023), and
stems from the analysis depicted in Chapter 2. The presentation of the challenges fol-
lows the order in which they were investigated, following the same flow as other design
frameworks (e.g. Morschheuser, Hamari, Werder, and Abe (2017), Klock et al. (2016),
Hunter and Werbach (2012)), initially analyzing user- and context-centred features,
then technology-centered, game-centered, and finally concluding with the evaluation

features.
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3.1 Contextual differences

The term “context” generally pertains to the conditions or surroundings in which some-
thing exists or takes place. It often refers to an analytical unit larger than the phenom-
ena being directly investigated (Nilsen, 2020). The role of context can be seen as the
environment or setting in which a proposed change is to be implemented. Alternatively,
it can be perceived as something more active and influential, significantly shaping the
implementation process and its outcomes (Nilsen, 2020). Considering the impact of
context is crucial when explaining how or why specific implementation outcomes are
achieved. Neglecting context could limit the generalizability of study findings to vari-
ous settings or circumstances. As such, context can be attributed to the variations in

outcomes across different studies (Nilsen & Bernhardsson, 2019).

Within the realm of gamification, the term “context” is often intertwined with
“user” and “goals”. There is an undeniable link between these factors. Therefore, how
users perceive gamification is contingent on various factors, encompassing individual
user characteristics, the context of gamification implementation, and the specific task
or activity being gamified. All these elements contribute to users’ perception and
engagement with gamification. Nevertheless, contextual factors and the significance
of the application domain are frequently underestimated in gamification research and
design. Consequently, according to Koivisto and Hamari (2019b), the lack of theoretical
comprehension concerning the contextual influence on gamification effectiveness might
yield results that cannot realistically be applied to other contexts.

While designing gameful systems, several principal contextual features warrant eval-
uation. First, the application domain plays a pivotal role in gamification perception.
Different gamification design solutions are proposed based on specific usage domains
such as education (Bucchiarone et al., 2019b; Saggah, Atkins, & Campion, 2020), cog-
nitive training (Khaleghi, Aghaei, Mahdavi, et al., 2021), behavior change (Epstein,
Zemski, Enticott, & Barton, 2021; Hammerschall, 2019), and business (Kappen &
Nacke, 2013; Klevers, Sailer, & Giinthner, 2016; Kumar, 2013). For instance, in a study
by Hallifax, Serna, Marty, Lavoué, and Lavoué (2019), efforts were made to identify

factors supporting design choices for tailoring gamification to user profiles (HEXAD
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(Tondello et al., 2016), BrainHEX (Nacke, Bateman, & Mandryk, 2014), and Big Five
inventory (John, Donahue, & Kentle, 1991)). The outcomes highlighted that the mo-
tivational impact of certain game elements fluctuates based on activities or gamified
system domains. Second, the device employed by users to access the gameful system
is noteworthy in gamification design. The device can influence users’ interaction with
game elements and participation in activities. For example, wellness and fitness apps
with gamified elements are often designed for mobile devices due to their inherent na-
ture and input mechanisms. Third, users’ differences can significantly impact how well
a system engages and motivates them. These differences include prior gaming experi-
ence, learning styles, goals, motivations, physical, and cognitive abilities. Addressing
these differences allows designers to tailor the gameful system to better align with
user needs and preferences, enhancing the effectiveness and enjoyment of the learning
experience.

In conclusion, considering the context in gamification design is vital because the
effectiveness of gamification elements, and gameful systems in general, can vary signif-
icantly based on the context of use. Aspects like user goals, motivations, device usage,
and environmental conditions can all strongly influence how users perceive gamification
elements. By incorporating context, designers can craft more customized and effective
gamification experiences that are more likely to engage and motivate users. Further-
more, accounting for context ensures that gamification elements are used ethically,

respectfully, and appropriately within specific contexts.

3.2 Interpersonal differences

When embarking on the design of gameful systems, it is imperative to take into ac-
count the intended audience and the specific attributes of the target group (Kim, 2015).
Undoubtedly, tailored interactive systems prove to be more efficacious than adopting
a one size fits all approach (Tondello et al., 2016). When we talk about individual
differences, two key concepts come to the fore: variances in the broader population and
differences given by belonging to a specific group. In the former scenario, an eminent

motivational theory within the realm of gamification, the Self-Determination Theory
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(Ryan & Deci, 2000), illustrates that people are inherently driven by the fulfillment of
three fundamental needs: autonomy, competence, and relatedness. While these three
fundamental needs are universally shared, each individual is more strongly drawn to
one of these needs and less so to the others (Ryan & Deci, 2000). In simple words, this
implies that diverse individuals can find intrinsic motivation in various facets of the
same activity, a consideration that should be factored in when crafting gamified soft-
ware (Ryan & Deci, 2000; Ryan, Rigby, & Przybylski, 2006). For instance, an excessive
integration of competitive elements might profoundly inspire those who seek to validate
their competence, yet fail to captivate individuals driven more by autonomy or rela-
tional aspects within the software. Building on existing literature (Morschheuser, Riar,
Hamari, & Maedche, 2017; Reeves & Read, 2009; Yee, 2006), competition stands out as
a pivotal success factor in video games due to its allure for those seeking self-challenge
and performance evaluation (Jung, Schneider, & Valacich, 2010; Reeves & Read, 2009).
However, it can lead to demotivation among users based on their attributes, such as
goal orientation (mastery or performance) and skill level (Ames & Felker, 1979; Deci,
Betley, Kahle, Abrams, & Porac, 1981; Preist, Massung, & Coyle, 2014). According to
the research conducted by Klock, Gasparini, Pimenta, and Hamari (2020), a limited
number of studies have explored the preference for game elements through Bartle’s
player types taxonomy (achievers, explorers, killers, and socializers) (Bartle, 1996).
Notably, explorers showed the highest affinity for game elements (20), while socializers
suggested the fewest game elements (13). The variance in the count of game elements
could arise from either an imbalanced selection of game elements in research studies or
a genuine aversion to these elements among socializers. Furthermore, although studies
concerning the correlation between personal traits (e.g., Big Five taxonomy (Goldberg,
1993)) and game elements are sparse, there seems to be an association between per-
sonality traits and distinct preferences for game elements (Klock et al., 2020). For
instance, individuals characterized by higher extroversion levels tend to favor badges,
competition, points, levels, feedback, meaning, and social networking elements (Codish
& Ravid, 2014). Conversely, those with elevated neuroticism levels are inclined towards
badges, levels, and prizes (Klock et al., 2020). Furthermore, elements of customization

find favor among individuals displaying higher levels of openness to experience (Jia,
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Xu, Karanam, & Voida, 2016). Nevertheless, a wealth of evidence indicates that user
preferences can evolve over time (Santos, Oliveira, Hamari, & Isotani, 2021) and in
response to the application context (Hallifax et al., 2019), which underscores the mul-
tifaceted challenges encountered in the application of customization techniques within

gameful systems.

When examining disparities within distinct segments of the population, compelling
evidence suggests that demographic attributes such as gender and age wield substan-
tial influence over individual preferences in the realm of gamified software. In broad
terms, technology garners greater favor from younger demographics for a multitude of
reasons (Koivisto & Hamari, 2014). The younger population is introduced to technol-
ogy at an earlier stage in life (Koivisto & Hamari, 2014; Morris & Venkatesh, 2000)
and tends to be more susceptible to social pressures (Koivisto & Hamari, 2014; Morris
& Venkatesh, 2000; Venkatesh, Morris, Davis, & Davis, 2003; Wang, Wu, & Wang,
2009). Additionally, the younger cohort tends to perceive technology as more utili-
tarian compared to their older counterparts (Koivisto & Hamari, 2014; Venkatesh et
al., 2003). Drawing on usage data from a gamified application called Fitocracy, which
encourages users to engage in physical activities, Koivisto and Hamari (2014) discerned
that women exhibit heightened enthusiasm for the software’s social dimension. This
social component appears to fulfill the affiliation needs of older individuals, thereby
potentially extending the software’s appeal to the elderly for more extended durations
in contrast to the younger population. Furthermore, numerous investigations have
scrutinized the divergence in the effectiveness of game elements across genders (Busch
et al., 2016; Codish & Ravid, 2017; Denden, Tlili, Essalmi, & Jemni, 2017; Klock et
al., 2020; Orji, Vassileva, & Mandryk, 2014; Tondello, Mora, & Nacke, 2017). In a
comprehensive review, Klock et al. (2020) aggregated available data on gender-related
disparities in gamification. While consensus remains elusive concerning the preferences
of women versus men regarding game elements (for instance, prizes being recommended
for women in Tondello et al. (2017), whereas the same element is suggested for men in
Oyibo, Orji, and Vassileva (2017a)), it is crucial to analyze these differences in tandem
with contextual factors (Zahedi et al., 2021). Cultural affiliation also emerges as a

factor influencing the efficacy of distinct game elements: initial investigations by Oy-
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ibo et al. (2017a), and Oyibo, Orji, and Vassileva (2017b) propose that individualist
and collectivist cultures could mold preferences for specific game elements. Despite
the intriguing insights, the works of Oyibo and colleagues have not yielded consistent
findings, necessitating further research to delve into this matter. Overall, during the
design phase, it becomes paramount to account for individualistic and demographic dis-
parities. This practice ensures effective engagement across the broader populace and
facilitates the adept selection of game elements when the target audience comprises a
more specific demographic. This approach circumvents the limitations of a simplistic
one size fits all strategy (Bockle et al., 2018). Moreover, it is imperative to sustain
research endeavors in this trajectory to foster a more profound comprehension of the

interplay between game elements, individual disparities, and distinct user categories.

3.3 Goal differences

According to some works of Locke and colleagues (E. Locke & Latham, 2006;
E. A. Locke & Latham, 2002), there are four primary mechanisms through which goals

can impact users’ performances:

e Goals can steer attention and efforts toward actions relevant to the

goals, diverting resources from non-relevant actions.

e Goals can serve an invigorating role, where challenging or hard goals prompt

greater effort compared to attainable or easy goals.

e Goals influence persistence, with challenging goals often extending sustained

effort.

e Goals indirectly influence actions by triggering the awakening, exploration,

and application of task-relevant knowledge and strategies.

Broadly, goals can either motivate individuals to utilize their existing skills or drive
them to seek out new knowledge. As initially highlighted by Latham and Baldes (1975),
and by E. A. Locke and Latham (2002) later, distinct goals yield varying impacts on
performance, a notion consistently supported in pertinent literature. This variation

stems from differing user orientations—some emphasize goal outcomes, while others
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prioritize the process of attaining these goals (Koivisto & Hamari, 2019b). Furthermore,
explicit goals and well-structured activities foster a state of “flow” (Csikszentmihalyi,
1991), characterized by complete absorption in an activity. During a state of flow,
an individual is entirely engrossed and immersed in their actions, losing track of time
and surroundings. This state of flow correlates with optimal engagement, enhanced
productivity, and feelings of pleasure and contentment. Achieving flow necessitates an
activity that aligns with an individual’s skill level. Such immersive experiences are

commonly observed in the realm of computer games (Sillaots, 2014).

Given that gamification, and games in a broader sense, are goal-oriented activities
(Deterding, Dixon, et al., 2011), it’s crucial to emphasize the impact of goals on players’
performance in gameful systems and subsequently highlight the significance of estab-
lishing clear objectives during their design (Fortes Tondello, Premsukh, & Nacke, 2018).
However, the goals of numerous gamification endeavors often appear to lack clarity at
the project’s inception (Kim, 2015). Furthermore, there’s a conspicuous gap in the lit-
erature concerning goals within gamification, prompting a growing number of authors
to underscore the necessity of goal analysis in the design of gameful systems (Bas-
sanelli & Bucchiarone, 2022; Fortes Tondello et al., 2018; Koivisto & Hamari, 2019b).
Diverse methods exist for integrating objectives into gameful systems—these goals can
be explicitly defined as missions or quests, or they can manifest implicitly as pursued
outcomes (Fortes Tondello et al., 2018). Additionally, gamification encompasses sev-
eral inherent game elements that serve as mechanisms for goal-setting, such as badges,
leaderboards, levels, progress bars, rules, challenges, conflicts, points, achievements,
and rewards (Fortes Tondello et al., 2018). While not obligatory, goals frequently find a
place in gamification due to their ubiquity in game-based applications. In gamification,
these goals are usually well-defined in line with the underlying theoretical framework.
Fortes Tondello et al. (2018) propose specific elements to foster clear goal-setting in
gameful systems, encompassing boss battles, certificates, collections, exploratory tasks,
learning objectives, quests, unlockable or rare content, and access to advanced fea-
tures. Furthermore, in well-crafted systems, goal difficulty should be calibrated based
on users’ skill levels to maintain an engaging and appropriately challenging experience.

This necessitates the ongoing ability to monitor users’ skill progression. For instance, in
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PolyGlot, a tool devised by Bucchiarone, Martorella, Colombo, Cicchetti, and Marconi
(2021) employing the GamiDOC gamification design framework, goal-setting assumes
a pivotal role during the design phase. The tool grants control over goals through
gamified components and articulates activities in terms of their objectives. As such,
goals can be adjusted according to users’ proficiencies while sustaining engagement and
challenge.

To conclude, the overarching purpose of a gameful system, the assortment of in-
game goals, and their adaptable nature based on users’ competencies and advancements
constitute pivotal elements for the effectiveness of gamification, warranting careful con-
sideration during the design phase. It’s imperative to take into account feedback and
appropriate gamification elements that align with the intended purpose. Moreover,
the individual preferences of users and their specific goal orientations should not be
underestimated. Consequently, the design principles applied in a given scenario will
inevitably vary contingent on the objectives users strive to accomplish. Ultimately,
anticipating a solitary design solution to be universally applicable across all contexts

is unrealistic.

3.4 Game and player modality

The configuration of user interactions, coupled with the selection of objectives, shapes
the inherent modality of a gameful system. Thus, comprehending how modality impacts
the effectiveness of gamification and identifying factors that aid designers in selecting
the most fitting user interaction approach holds paramount importance.

In the context of gamification, we primarily categorize modalities into four: indi-
vidual, cooperative, competitive, and cooperative-competitive (Liu, Li, & Santhanam,
2013; Morschheuser, Maedche, & Walter, 2017). This classification, originally intro-
duced by Morschheuser, Maedche, and Walter (2017), is rooted in the categorization
of video games into four main modalities established by Liu et al. (2013). This dis-
tinction draws on the principles of the Social Interdependence Theory (D. W. Johnson,
2003), categorizing video games and gamified activities based on the attributes of user

interaction.
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3.4.1 Social Interdependence Theory

Social Interdependence Theory was initially formulated by Morton Deutsch in 1968
(Deutsch, 1949, 1968; D. W. Johnson, 2003). He re-explored the concepts of group and
inter-group dynamics originally conceived by the Gestalt school (Lewin, 1948, 1951),
delving deeper into how the interconnectedness of individuals’ goals can impact group
dynamics. The degree of interdependence between individuals’ goals can be categorized
as either positive or negative. Positive interdependence arises when the attainment of
one individual’s goal facilitates other group members in achieving their objectives, of-
ten fostering a spirit of cooperation (Deutsch, 1949, 1968; D. W. Johnson, 2003). Con-
versely, negative interdependence occurs when the accomplishment of an individual’s
goal impedes others from reaching their goals, fostering a competitive atmosphere. In
such cases, individuals tend to vie against each other to achieve their desired outcomes.
Finally, a lack of interdependence is observed when there is no discernible relationship

between individuals’ goals (Deutsch, 1949, 1968; D. W. Johnson, 2003).

3.4.2 Modality in traditional activities

The realm of social and motivational psychology delves into the examination of how
various forms of interdependence impact individuals’ performance and psychological
outcomes. Investigations concerning positive interdependence (which we will call sim-
ply “cooperation” from now on), have demonstrated that collaborative activities tend
to boost performance in contrast to other modalities (D. W. Johnson & Johnson, 1989,
2005), such as individual tasks (characterized by a lack of interdependence) and co-
operative activities with negative interdependence. This enhancement in performance
can be attributed to the correlation between cooperation and a higher occurrence of
insights and heightened cognitive functioning among participants. Moreover, during
cooperative activities, individuals dedicate more time to task engagement compared to
individual or competitive endeavors (D. W. Johnson & Johnson, 1989, 2005). On the
psychological front, cooperative activities foster increased motivation and elevated lev-
els of well-being (Bagozzi & Dholakia, 2006; D. W. Johnson & Johnson, 1989). These

cooperative effects underlie the success of collaborative learning (Al-Rahmi & Othman,
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2013; D. W. Johnson, 2003; D. W. Johnson & Johnson, 2009).

Further insights from the literature propose that the amalgamation of positive and
negative interdependence amplifies the benefits of social interaction. In scenarios where
both cooperation and competition (such as team competitions) are intertwined, partic-
ipants exhibit heightened motivation (Erev, Bornstein, & Galili, 1993; D. W. Johnson
& Johnson, 1989; Tauer & Harackiewicz, 2004). When participants are divided into
teams, positive influences (Julian & Perry, 1967) and a sense of social identification
can arise among team members, aligning with the concept of “we-intentions” proposed

by Hogg and Turner (1985) and Tuomela (2000, 2005).

In the context of traditional learning, the effects of cooperation and competition
have been extensively explored. Collaborative learning exhibits a favorable influence
on motivational, emotional, cognitive, meta-cognitive, and social aspects of learning
(D. W. Johnson & Johnson, 2009). Students perceive collaborative learning activi-
ties as more gratifying than individual ones (Al-Rahmi & Othman, 2013). However,
opinions regarding the utility of competition in education vary (Cantador & Conde,
2010). Some authors assert that competition can motivate students and foster learning
(Cantador & Conde, 2010; Fulu, 2007; Verhoeff, 1997), while others contend that it
might encourage performance orientation over a mastery-driven approach to learning
(Lam, Yim, Law, & Cheung, 2001). Additionally, competition can lead to stress, as
highlighted by Vockell (2004), as substantiated by students’ preference for anonymous
competitions (Yu, Chang, Liu, & Chan, 2002). Striking a balance between the merits
and drawbacks of competition, and considering the evident effectiveness of cooperation,
certain scholars propose adopting cooperative-competitive structures as a motivating
approach for students (Thousand, Villa, & Nevin, 2002). The literature on traditional
learning also outlines guidelines for implementing “safe” competition in education, sug-
gesting brief competitions with well-defined goals and prizes of low or symbolic value
to minimize the influence of rewards on student motivation (Cantador & Conde, 2010;

Shindler, 2009).
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3.4.3 Modality in Video Games

Using these definitions as a foundation, Liu et al. (2013) was the initial proponent
followed by Morschheuser, Maedche, and Walter (2017), who subsequently categorized

video games and gamified activities into four primary modalities:

e Individual modality: This signifies a lack of interdependence among users,

where no connection exists between the goals of players.

e Cooperative modality: In this mode, positive interdependence between users’

goals is fostered, encouraging interaction among players.

e Competitive modality: Negative interdependence characterizes this modality,

impeding interaction among users’ goals.

e Cooperative-competitive modality: This modality combines both positive
and negative interdependence and is commonly observed in team competitions.

Here, interaction is promoted within the team but limited with external teams.

The decisions made by game designers concerning the structure of objectives, in-
troduced game elements, and the synergy of players’ roles collectively shape the degree
of interdependence among players, ultimately determining the modality of the video
game.

Within the literature, competition is recognized as a contributing factor to the
success of video games (Morschheuser, Riar, et al., 2017; Reeves & Read, 2009; Yee,
2006). It offers players immediate feedback on their performance and cultivates a
sense of competence (Jung et al., 2010; Reeves & Read, 2009). Meeting the need
for competence, as outlined in Self Determination Theory (Ryan et al., 2006), serves
as a cornerstone for fostering intrinsic motivation. While competition attracts many
players, it can also exert negative influences on game appreciation if it becomes overly
controlling if users become overly fixated on goals instead of performance, or if there’s
an imbalance in players’ abilities (Ames & Felker, 1979; Deci et al., 1981; Preist et
al., 2014). It’s evident that competition doesn’t consistently enhance motivation, and
whether competition is motivating or demotivating hinges on the nature of the activity

and the characteristics of the users. Conversely, cooperative video games yield a distinct
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array of positive impacts on user behavior and well-being. Positive interdependence
within video games promotes cooperation not only within the virtual realm but also
extends to the real world (Seif El-Nasr et al., 2010). Moreover, beyond enhancing
enjoyment and effort (Hamari, Huotari, & Tolvanen, 2015), engaging in video games
characterized by social interaction, particularly cooperative ones, has been correlated
with overall psychological well-being (Marker & Staiano, 2015; Przybylski, Rigby, &
Ryan, 2010; Teng & Chen, 2014; Yee, 2006). Lastly, the cooperative modality serves as
a means to fulfill players’ requirement for relatedness, another of the three fundamental

needs identified within the framework of Self Determination Theory (Ryan et al., 2006).

3.4.4 Modality in gamification

Within this section, we elaborate on how modality can influence the user experience of
gamified systems within the broader population. Furthermore, we introduce primary
evidence suggesting a potential mediating role of demographic and cultural character-

istics

3.4.4.1 Differences in the general population

Given the observed effects resulting from adopting various modalities, as revealed by
studies in social psychology and video games, it’s reasonable to suspect that varying
degrees of interdependence could have implications for the effectiveness of gamified
activities. Initially, competition garnered popularity within gamification due to the
positive impact of introducing competitive game elements like leaderboards on moti-
vation, as compared to the individual modality (Codish & Ravid, 2014; Hamari et al.,
2014; Jia, Liu, Yu, & Voida, 2017). However, just as with video games, it is evident
that competition cannot be considered a universal solution to engaging users (Codish &
Ravid, 2014; Hamari, 2013; Hamari et al., 2014; Jia et al., 2017; Massung, Coyle, Cater,
Jay, & Preist, 2013; Preist et al., 2014). The literature underscores that competitive
elements yield differing effects on individuals based on personality and other interper-
sonal disparities (Codish & Ravid, 2014; Hamari, 2013; Hamari et al., 2014; Jia et al.,
2017). Leaderboards, in particular, offer a strong incentive for competition as they

represent goals to achieve (Landers et al., 2017). Extroverts tend to enjoy competitive
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elements more than introverts, and situations like crowd-sourcing can lead to skilled
participants discouraging less active contributors (Massung et al., 2013; Preist et al.,
2014). For instance, Gabrielle (2018) highlighted how hotel employees were negatively
impacted by competitive gamification, resulting in increased stress and negative emo-
tions. Comparative studies of different modalities have uncovered similarities between
effects seen in gamification and traditional activities, such as levels of enjoyment and
engagement (Y. Chen & Pu, 2014; Morschheuser, Maedche, & Walter, 2017). In a
study by Y. Chen and Pu (2014), three versions of the same gamified software were
compared, each featuring a different modality. The results indicated that the cooper-
ative and cooperative-competitive versions had a more positive impact on individuals
compared to the competitive version. Similarly, Morschheuser, Maedche, and Walter
(2017) found comparable outcomes when examining three modalities (individual, co-
operative, and competitive) in a gamified crowd-sourcing software. Other researchers
have noted that cooperative gamification enhances user participation and leads to sus-
tained effects on motivation, enjoyment, and intent to share knowledge when contrasted
with other modalities (Morschheuser, Maedche, & Walter, 2017). Furthermore, just as
in traditional activities, the cooperative-competitive modality in gamification appears
to be even more effective than introducing cooperation or competition alone (Y. Chen
& Pu, 2014). In a recent study (Morschheuser, Hamari, & Maedche, 2019), partic-
ipants reported similar levels of perceived usefulness and usage duration, yet those
in the cooperative-competitive condition demonstrated higher levels of enjoyment and

participation.

In the systematic review conducted by Klock et al. (2020), preferences for game
elements among different player types and personality traits were discussed. Drawing
from Bartle’s player types taxonomy, individuals are categorized as achievers, explor-
ers, killers, and socializers based on their game preferences (Bartle, 1996). Within
the review’s findings, competition was specifically suggested for killers in some studies
(AL-Smadi, 2014; Fuf}, Steuer, Noll, & Miede, 2014), while leaderboards were recom-
mended for achievers (Akasaki et al., 2016; Taspinar, Schmidt, & Schuhbauer, 2016),
explorers (Akasaki et al., 2016), and killers (Akasaki et al., 2016; Fernandes & Junior,

2016; Taspinar et al., 2016). Additionally, in terms of personality traits, the majority
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of studies included in the review referred to the Big Five or OCEAN model (Gold-
berg, 1993), associating competition with higher levels of extroversion (Roccas, Sagiv,

Schwartz, & Knafo, 2002).

3.4.4.2 Demographic differences

We have thus far explored variations within the general population. Evidence suggests
that the social aspect of gamification software is perceived differently based on individ-
uals’ demographic traits (Klock et al., 2020; Koivisto & Hamari, 2014). For instance, in
Klock et al. (2020) study on tailored gamification, the authors examined the game ele-
ments and modalities recommended for different genders. Notably, two studies (Codish
& Ravid, 2017; Tondello et al., 2017) suggested leaderboards for women, while another
indicated leaderboards as suitable for all genders (Denden et al., 2017). Additionally,
two other studies recommended competition for men and guilds for both men and
women (Busch et al., 2016; Orji et al., 2014). Interestingly, Busch et al. (2016) delved
into femininity and masculinity instead of simply focusing on gender, linking social sta-
tus and competition to femininity. The realm of gender differences in gamification, and
particularly the interplay between gender and modality, remains relatively nascent, ne-
cessitating further research for clarity. Moreover, Koivisto and Hamari (2014) explored
variances in user experience with an exercise gamified software (Fitocracy), differenti-
ating responses by age and gender, and identified a preference for social features among
women. Lastly, Itoko, Arita, Kobayashi, and Takagi (2014) observed that competitive
gamification may yield more favorable results in younger users compared to older indi-
viduals. Their study involved motivating senior workers in crowd-sourcing tasks, such
as proofreading, revealing that younger participants embraced competition more than
their older counterparts, who exhibited reluctance in comparing their contributions to
others. These insights suggest that the impact of modality might be influenced by

demographic characteristics in addition to interpersonal disparities.

3.4.4.3 Cultural differences

Culture encompasses various habits and preferences that commonly manifest within a

group of individuals, encompassing aspects like social conduct, culinary choices, artistic
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inclinations, and emotional expression (Miyahara, 2004; Tylor Edward, 1871; Wright,
Nancarrow, & Kwok, 2001). Cultural disparities can potentially result in the exclu-
sion of certain users, particularly in educational settings. Indeed, numerous authors
have highlighted how factors such as age, ethnic diversity, gender, sexual orientation,
and disabilities might influence the effectiveness of gameful systems (L. Hassan &
Hamari, 2020; Thiel, Reisinger, & Roderer, 2016; Zahedi et al., 2021). In light of
this, many researchers advocate for adopting a cooperative or cooperative-competitive
approach (Bucchiarone, Cicchetti, et al., 2021; Hanghgj, Lieberoth, & Misfeldt, 2018;
Ortega Sanchez & Gémez Trigueros, 2019; Quintero et al., 2022). Oyibo et al. (2017a,
2017b) delved into the reception of game elements across various populations, partic-
ularly individualistic and collectivist cultures. Individualistic cultures prioritize the
self, self-sufficiency, and individual objectives, whereas collectivist cultures emphasize
community and prioritize society over individual interests (Rhee, Uleman, Lee, & Ro-
man, 1995). In their work, the authors compared individualistic (North American) and
collectivist (Asian, African) societies to ascertain which gamification features (compe-
tition, learning, and rewards) better suited the respective cultures. Notably, the first
publication proposed competition for individualistic cultures (Oyibo et al., 2017a),
while the second publication revealed similar findings for both individualistic and col-
lectivist cultures (Oyibo et al., 2017b). Additionally, A. Toda et al. (2022) evaluated
the perceived significance of game elements among Brazilian and US citizens, noting
a notable distinction in the perceived importance of cooperation but not competition
between the two populations. Specifically, Brazilian participants attributed higher im-
portance to cooperation compared to the US sample.

Overall, as presented in this section, and as noted by Gini et al. (2023), although
the investigation of various game modalities within gamification is at an early stage of
development, it remains crucial to incorporate these insights into the formulation of

gameful system design frameworks.

3.4.5 Modality research

As mentioned in the introduction, recent literature (Bassanelli et al., 2022; Kolln, 2022;

Mora et al., 2017) underscores the frequent absence of a modality section in gamifica-
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tion frameworks. However, empirical evidence highlights the influence of varying levels
of interdependence on psychological and behavioral factors in participants, spanning
traditional activities, video games, and even gamified systems (Ames & Felker, 1979;
Deci et al., 1981; Erev et al., 1993; Hamari et al., 2014; D. W. Johnson & Johnson, 1989,
2005; Morschheuser, Maedche, & Walter, 2017; Preist et al., 2014; Tauer & Harack-
iewicz, 2004). Future endeavors should traverse two distinct yet interconnected paths
to address this gap and establish stronger ties between gamification research and the

design of gamified systems.

As depicted in Figure 3.1, one avenue (column A) for researchers involves delving
deeper into the nexus between different modalities and the impacts of gamification,
taking into account the characteristics of the target audience. This entails: (i) examin-
ing how different modalities intersect with interpersonal variations in the population,
such as personality traits, (ii) exploring the correlation between different modalities
and demographic categories of users, (iii) investigating the correlation between dif-
ferent modalities and cultural disparities, and (iv) assessing the connection between
different modalities and less explored factors like contextual application and targeted

behavioral outcomes within gamification.

Aside from advancing our comprehension of this subject, discerning how modal-
ity moderates the effects of gamification can significantly enhance the formulation of
more effective gamification frameworks. Conversely, gamification frameworks ought
to incorporate a dedicated modality section. Integrating such a section would yield
two implications (column B): (i) heightened awareness among designers about the
potential impact of different modalities on user experiences, and (ii) a directed effort
by designers to contemplate the interdependence among users, potentially leading to
the explicit documentation of modality choices. The latter practice would further con-
tribute to building a repository of information about the adopted modalities in gamified
systems and the subsequent effects on individuals’ psychological and behavioral facets.
This database could be harnessed in future reviews, meta-analyses, and the continued

refinement of gamification frameworks.
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Body of data available for
future reviews and meta-
analyses

A

Research on modality X target's
charateristics

Research on the mediation of modality
and interpersonal differences in the B
effectiveness and appreciation of
gamified systems

Inclusion of a modality section in
gamification frameworks

Research on the mediation of modality
and demographic differences in the
effectiveness and appreciation of
gamified systems

Guidance for designer, suggestion to
take modality into account during the
desing phase

Research on the mediation of modality Designers are driven to consider
and cultural differences in the modality and include specifics on the
effectiveness and appreciation of modality in papers
gamified systems

Research on other possible factors (i.e.,
the context of the application and the
behaviors to be encouraged)

- /

gamification frameworks
Figure 3.1: Reciprocal benefits between research in gamification and the development
of a holistic framework, with the inclusion of a modality section.

3.5 Technology

The device and the different technological features are important in the design of game-
ful systems. It can affect the user’s ability to interact with the game elements — and
more generically with the gameful system itself — and participate in the activities. Dif-
ferent devices can rely on different technological features (such as augmented reality,
virtual reality, wearable, portable, position tracking, and so forth) (Martinho, Carneiro,
Corchado, & Marreiros, 2020), significantly determining a different interaction between
users and the system. Some data in the literature (Koivisto & Hamari, 2014) report a
different pattern in the approach to technology according to age and gender. This can
result in different weights of game elements based on the relationship of technological
features and the devices used, the context, and the end user. These elements make
certain types of technologies and devices better suited for certain applications; indeed,
it is possible to notice the limited use of mobile devices in the learning context (Chin,
2014), since by their inherent nature and with the possibility of integrating different

input modalities, they would seem more suitable for health (Martinho et al., 2020)
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and behavioral change applications (Bucchiarone, Bassanelli, & Marconi, 2023). It is
therefore necessary to assume that various game elements may be perceived differently
depending on the type of device and the technology used. This implies that designers
must be more careful in the selection (and subsequent interaction) of game elements.

Despite these claims, further studies are needed.

3.6 Feedback

Feedback constitutes a process that furnishes insights, reactions, or evaluations of spe-
cific actions, behaviors, or performances, intending to facilitate growth, learning, or
adjustments (Prue & Fairbank, 1981). It manifests in varied forms like spoken or writ-
ten comments, constructive critiques, evaluations, ratings, or suggestions. Feedback’s
role is pivotal in personal and professional advancement, as well as in refining the
quality of outcomes (Harro-Loit, 2019). It stands as a potent catalyst for motivating
individuals to attain designated objectives. Yet, its influence can veer towards either
positive or negative outcomes (DeNisi & Kluger, 2000). Thus, it becomes imperative
to elucidate what encompasses “feedback” and delineate its integral components.

Broadly, feedback can be conceptualized as “information about the gap between the
actual level and the reference level of a system parameter which is used to alter the
gap in some way” (Ramaprasad, 1983). In essence, feedback addresses any system
parameter, whether it’s an input, output, or the underlying process. This necessitates
specific prerequisites, including access to data concerning both the benchmark and
current levels of the parameter in question. Moreover, a suitable mechanism is required
to effectively compare and contrast these two datasets, ultimately generating pertinent
information about the incongruity between the two levels.

The significance of feedback is primarily derived from its link to goal attainment.
However, the interplay between feedback and goal-oriented challenges is intricate. For
instance, when feedback falters in bridging the gap between existing comprehension and
goals, learners tend to compensate by overestimating their current status or resorting to
attributions that diminish their effort and engagement. If the goal itself is ambiguously

defined, feedback struggles to effectively address this disparity. In such scenarios, the
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divide between ongoing learning and intended learning might not be distinct enough

for learners to acknowledge the necessity for its reduction (Hattie & Timperley, 2007).

The functions of feedback can be broadly categorized into two main groups: re-
inforcement and stimulus control (Duncan & Bruwelheide, 1985). When feedback is
dispensed after performances and leads to improved performance or desired behav-
iors, it fulfills a reinforcement role (e.g., Komaki, Barwick, and Scott (1978); Prue and
Fairbank (1981)). However, feedback’s realm extends beyond reinforcement alone; in-
stances arise where feedback is considerably delayed after a performance, rendering its
reinforcing influence less likely. An alternate function is that of stimulus control. This
implies that feedback is often provided ahead of the next opportunity for a response
(feedforward feedback). The aim here is to trigger and elicit the behavior that will
subsequently be reinforced (e.g., Daniels (2000)). If feedback is given immediately be-
fore an opportunity to respond and effectively prompts the desired behavior, it can be
considered as functioning as a discriminative stimulus. In addition to its discriminative
function, feedback may also serve as an establishing operation. Duncan and Bruwel-
heide (1985) propose that feedback can alter the value of behaviors and outcomes by
supplying information about their correlation to obtaining other reinforcers. Conse-
quently, feedback can influence the motivation and significance attached to specific
behaviors and outcomes.

Nevertheless, numerous factors moderate the efficacy of feedback, rendering the con-
trol of all these factors and the implementation of strategies and interventions equipped
with appropriate feedback a challenging endeavor. An analysis by Kruger and DeNisi
(1996) indicates that two-thirds of feedback interventions led to enhanced performance.
However, the remaining third resulted in a counterproductive effect on performance.

Positive feedback that ensues accomplishments can function as an encouragement
to persist in pursuing actions aligned with goals, signaling a heightened commitment
to the objective. However, if positive feedback suggests that sufficient progress has al-
ready been attained, it might inadvertently diminish motivation. Conversely, negative
feedback received after unsuccessful actions can inspire endeavors aligned with goals,
conveying insufficient progress. Nonetheless, negative feedback may also dampen moti-

vation if it implies a decline in commitment to the goal (Fishbach, Eyal, & Finkelstein,
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2010).

3.6.1 Feedback theories

Several theories endorse the concept and utility of feedback. In this section, we intro-

duce the most renowned ones.

3.6.1.1 Control theory

The core concept of Psychological Control Theory (CT) revolves around individuals’
endeavors to regulate a specific aspect, typically their task performance, by adapting
their behavior. This process of behavior regulation commences with an evaluation of a
performance benchmark, often referred to as a “goal”, and involves comparing it with
information gathered from the individual’s environment, such as feedback on their cur-
rent performance (Gregory, Beck, & Carr, 2011). Substantial empirical support, as
indicated by various studies (e.g., R. E. Johnson, Chang, and Lord (2006)), confirms
that when individuals identify disparities between their goals and feedback, they re-
spond by taking action, such as exerting greater effort, to minimize these discrepancies.
Nevertheless, how individuals react to the detection of goal-performance discrepancies
(GPD) can vary depending on the individual and the circumstances. For instance,
addressing a GPD may involve intensifying efforts, but conversely, it could also lead to

a reduction or complete abandonment of the goal (Gregory et al., 2011).

3.6.1.2 Goal-setting theory

The Goal Setting Theory (GST) aims to explain the connection between human mo-
tivation and the formulation of specific objectives, while also offering guidance on the
proper process of goal setting (E. A. Locke & Latham, 2002). Locke emphasized that
goals that are specific, clear, and challenging are more effective in prompting individ-
uals to enact desired behaviors. While the definition of goals is crucial, consideration
must also be given to individuals’ capabilities, ensuring that the goals are realistically
achievable (E. A. Locke & Latham, 2002; Lunenburg, 2011). Feedback assumes a vital
role in the realm of GST, serving as a reference for the distance between individuals’

performance and their goals. According to GST, there exists a relationship between
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feedback and performance, where the quality of feedback acts as a mediator between
goal setting and performance (Ashford & De Stobbeleir, 2013). Notably, feedback
enables individuals to establish more refined goals, ultimately facilitating goal achieve-
ment (Burns, Martin, & Evans, 2021). Moreover, personalized feedback steers students
toward a greater focus on their goals rather than fostering competition (Burns et al.,

2021).

3.6.1.3 Self-determination theory

Self-determination theory (SDT) is a macro-theory of human motivation, proposed by
Deci and Ryan (Deci & Ryan, 2013) and aimed at describing how individuals voluntar-
ily engage in activities. The authors point out how intrinsic motivation (i.e., internal
drive to engage in an activity for its own sake) arises when individuals satisfy their
needs for competence (i.e., feeling competent), autonomy (i.e., perceiving freedom of
choice), and relatedness (having meaningful relationships) are satisfied through the ac-
tivity performed. On the other hand, extrinsically motivated activities require rewards.
While the satisfaction of the three basic needs plays a big role in human behaviors,
sometimes individuals engage in non-motivating activities because they deem them as
important for them or the society (i.e., autonomous regulation, see Organismic Inte-
gration mini-theory for a more exhaustive argumentation (Deci & Ryan, 2013)). The
research highlighted how clear and well-defined feedback can help students’ motiva-
tion, along with the satisfaction of the three basic needs (Cheon, Reeve, & Song, 2019;
Mouratidis, Vansteenkiste, Michou, & Lens, 2013; Pat-El, Tillema, & Van Koppen,
2012). The results, though, are far from providing a clear picture of how feedback
should be provided to satisfy the needs for competence, autonomy, and relationship.
Krigksman et al. (Krijgsman, Mainhard, Borghouts, van Tartwijk, & Haerens, 2021)
for example did not find any differences in students’ motivation and satisfaction during
PE classes based on different levels of clarification of goals and feedback during the ac-
tivities. Rogers’s (Rogers, 2017) research on video games and SDT demonstrated that
feedback needs to be carefully balanced, to avoid players perceiving it as controlling and
increasing their cognitive load. In gameful systems, feedback is often delivered through

game elements. While game elements can easily function as a reward and increase
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extrinsic motivation, they can represent a threat in case users’ are already intrinsically
motivated, as users may shift their focus from the enjoyment of the activity itself to
the desire to gain the rewards (Rogers, 2017). See the overjustification effect (Lepper,

Greene, & Nisbett, 1973) for a comprehensive explanation of the phenomena.

3.6.1.4 Law of effect

Thorndike’s Law of Effect (Thorndike, 1927) stands as the most influential theory in
this domain. According to this principle, positive feedback is regarded as a type of
reinforcement, while negative feedback is linked with punishment. Both reinforcement
and punishment contribute to the enhancement of learning and, consequently, perfor-
mance. It is anticipated that both positive and negative feedback will enhance perfor-
mance since they serve to reinforce correct behavior and penalize incorrect behavior,

respectively.

3.6.2 Feedback and behavior change

Habits are essential in our daily lives, helping us navigate the complex routines we face.
They are often defined as behaviors that automatically respond to situational cues,
formed through learned associations between these cues and our actions (Hermsen,
Frost, Renes, & Kerkhof, 2016). Habits offer a way to manage the intricate nature of
everyday life. Altering habits through interventions that require conscious thought, like
persuasive messages, can be challenging due to the automatic nature of habitual behav-
iors, which operate without active consideration of the current context. An effective
strategy for breaking habits is to modify the circumstances to prevent habitual cues
from emerging or to change the external triggers that prompt these habitual actions.
Because habitual behavior typically occurs unconsciously and without deliberate intent
(Bargh, 1994), one successful approach to disrupt unwanted habits is to bring both the
habitual behavior and its context into conscious awareness. Self-monitoring, a process
in which individuals track and record instances of their target behaviors, enables us to
perceive our actions and adapt to the current situation. Consequently, self-monitoring
can lead to a reduction in undesirable behaviors (Hermsen et al., 2016). It’s important

to note that self-monitoring can be challenging, even for highly motivated individuals.
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Feedback interventions are generally effective not only at disrupting undesirable habits
but also at facilitating behavioral change. Digital technology, equipped with sensitive
monitoring devices often worn on the body, can provide continuous, real-time updates
on our progress. This capability makes gameful systems, with their feedback provision

abilities, widely employed in the field of behavior change.

3.6.3 Feedback in education

According to Hattie and Timperley (2007), in the educational context, “feedback” is
defined as information given by various sources (such as teachers, peers, textbooks,
parents, self-reflection, and personal experience) regarding one’s performance or com-
prehension of a subject. Consequently, feedback is viewed as a consequence of one’s
performance and is closely linked to monitoring progress. Its primary purposes are
to highlight the learner’s actions, provide feedback on their progress, motivate most
learners to continue, and offer guidance on how to enhance future performance (Awais,
Habiba, Khalid, Shoaib, & Arshad, 2019; Strmecki, Bernik, & Radosevic, 2015). Recent
literature acknowledges the pivotal role of feedback in the learning process, consider-
ing it a fundamental aspect of the educational system (Panadero & Lipnevich, 2022;
Winstone, Nash, Parker, & Rowntree, 2017). In general, students tend to prefer person-
alized feedback over grades, although an excessive amount of information can become
overwhelming (Nicol & Macfarlane-Dick, 2006; Orsmond, Merry, & Reiling, 2005), es-
pecially when it doesn’t clearly indicate where and how performance can be improved
(Winstone et al., 2017). Furthermore, while students appreciate tailored feedback, it
should focus on their performance rather than their attributes, as concentrating on a
learner’s characteristics can be demotivating (Schartel, 2012). Based on its functions,
feedback can be broadly categorized into two main groups: reinforcement and stimulus
control (Duncan & Bruwelheide, 1985). When feedback is provided after the perfor-
mance and leads to improved performance or desired behaviors, it can be considered
as serving a reinforcement function (e.g., see Komaki et al. (1978); Prue and Fairbank
(1981)). However, rewards such as grades, stickers, and awards are less effective forms
of feedback since they lack detailed information about performance and often act as

extrinsic rewards, which can hinder student engagement and interest in the subject
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matter (Deci, Koestner, & Ryan, 1999). Fortunately, feedback is not limited to rein-
forcement alone. There are instances where feedback is delayed significantly after a
performance, making it less likely to have a reinforcing effect. On the other hand, feed-
back can serve a discriminative function, often provided before the next opportunity
for a response (known as “feedforward”) to encourage the desired behavior that will be
reinforced (e.g., Daniels (2000)). Hattie and Timperley (2007) emphasize that feedback
is not merely about answering the question, “How am I going?” but should also help in
understanding “Where am I going?” and “Where to next?”. If feedback is given imme-
diately before an opportunity to respond and effectively prompts the desired behavior,
it can be considered as functioning as a discriminative stimulus. Additionally, feed-
back may also serve as an establishing operation, modifying the value of behaviors and
outcomes by providing information about their relation to obtaining other reinforcers,
thereby influencing motivation and the significance attached to specific behaviors and

outcomes (Duncan & Bruwelheide, 1985).

In education, feedback is conceptualized from three perspectives: that of the stu-
dent, the teacher, and the teaching-learning process (Ovando, 1994). Carlson (1979)
notes that feedback represents authoritative information that students receive to rein-
force or modify their responses to instruction, guiding them more effectively in achieving
course goals. According to Ovando (1994), feedback has an informative nature and fol-
lows a systematic process in which teaching and learning function cohesively to carry
out the instructional process and gather specific information for teaching and learning.
Therefore, feedback should be consistent, well-organized, and methodical. Importantly,
learners actively engage in correcting their behavior based on the feedback received,
making it essential to motivate and involve them in the feedback process to achieve
the desired outcomes (Higgins, Hartley, & Skelton, 2001, 2002; Winstone et al., 2017).
Integrating gamification into the feedback process could present an innovative way to
engage students. However, badges alone, like other game elements, may not suffice to
provide students with comprehensive feedback. As highlighted by Deci et al. (1999),
stickers and awards often lack sufficient information about performance and the sub-
sequent steps for improvement. Interestingly, students are not always motivated by

praise, which can evoke positive emotions but may not necessarily lead to improved
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learning outcomes (Brummelman & Sedikides, 2020; Dev, 1997; Lipnevich & Smith,
2009). In particular, Lipnevich and Smith (2009) compared different forms of feedback
and found that grades and computerized praise are not effective in guiding students
toward better performance.

With the increasing role of technology in education, some studies have focused
on the effectiveness of feedback provided by virtual agents (Winstone et al., 2017).
Learners generally appreciate computerized feedback, as they perceive it to be more
neutral and objective and less emotionally biased (Lipnevich & Smith, 2009). However,
digital feedback may be challenging to personalize (Cutts, Carbone, & van Haaster,
2004; Lymn & Mostyn, 2010), and online courses often have a modular structure in
which users are assessed only at the end of each section, reducing the likelihood of using

feedback to enhance performance (Jonsson, 2013).

3.6.4 Feedback in gamification

Within the realm of gamification — where game elements are integrated into non-game
contexts (Deterding, Dixon, et al., 2011; Huotari & Hamari, 2011) to yield motivational
advantages, stimulate creativity, infuse playfulness, drive engagement, overall positive
development, and well-being (Hamari, 2019) — feedback emerges as a pivotal factor in
engaging and motivating participants, heightening their learning journey, and steering
desired actions. Indeed, gamification can be perceived as an endeavor to offer users
feedback regarding goal-oriented conduct or performance (Koivisto & Hamari, 2019b).

A cornerstone perspective in gamification literature, presented by Zichermann and
Cunningham (2011), underscores feedback as among the simplest and most essential
game mechanics. Their definition, describing feedback as “returning information to
players and informing them of where they are at present, ideally against a continuum
of progress” attributes equal significance to feedback in both gaming and e-learning
systems. Since game elements serve as feedback to users, they can be viewed as direct
feedback, while also falling into a distinct category of game elements (A. M. Toda,
Oliveira, et al., 2019). Collectively, game elements can operate as feedback, or feed-
back can complement game elements (Awais et al., 2019), contributing to enhanced

outcomes. Additionally, gameful systems, particularly in education, enable tailored,
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individualized game elements (Awais et al., 2019; Hallifax, Lavoué, & Serna, 2020)
and automated feedback based on each user’s distinct preferences (Serral, De Weerdst,
Sedrakyan, & Snoeck, 2016). The extraction of insights from gameful systems is often

facilitated through the integration of gamification elements within the tool.

In gamification, the fusion of feedback mechanisms and narrative components em-
powers users by fostering a sense of responsibility for their achievements. These ele-
ments also cultivate a feeling of being part of something greater, nurturing self-efficacy
as users contribute to a larger purpose. The combination of feedback mechanisms and
narrative can lead users to perceive direct accountability for their accomplishments
(Fortes Tondello et al., 2018). The amalgamation of goals and feedback produces su-
perior outcomes compared to either in isolation. Providing individuals with the means
to track their progress towards goal attainment is vital, enabling adaptive strategies
and effort allocation. Feedback consistently emerges as a crucial component in gameful
design methodologies, alongside goals and challenges (Chou, 2019; Deterding, 2015;
Marczewski, 2013). Progress bars, as highlighted by Landers, Bauer, Callan, and Arm-
strong (2015), represent a frequently employed form of feedback in gamification. Nev-
ertheless, gamification presents a diverse spectrum of design elements that serve as
feedback mechanisms (such as points, levels, achievements, badges, quest completion,
leaderboards, avatars, narrative or storytelling elements, rewards, and more). Conse-
quently, empirical evidence from goal-setting studies, revealing the moderating impact
of feedback on the interplay between goals and performance, underscores the potential

of feedback in gamification to elevate performance levels (Fortes Tondello et al., 2018).

Several elements make feedback important in gameful systems (Figure 3.2):

e Feedback provides users with a sense of progress, achievement, and
rewards, which are essential for maintaining their motivation and engagement.
It helps create a feedback loop where players receive information about their
actions, performance, and progress, which can fuel their desire to continue

playing and improving (Huotari & Hamari, 2012).
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e Feedback in gamification helps players learn and develop new skills.
Constructive feedback guides players on what they are doing well and what areas
they need to improve. It can provide instructions, suggestions, or demonstra-
tions to help players understand how to perform better and overcome challenges

(Awais et al., 2019).

e Feedback helps players understand their objectives and goals within
a gameful system. It provides clarity on what they need to accomplish and
how they are progressing towards those goals. Clear and timely feedback enables
players to make informed decisions, adjust their strategies, and stay focused on

their desired outcomes (Fortes Tondello et al., 2018).

e Feedback in gamification reinforces desired behaviors and actions. It
can provide positive reinforcement when players exhibit behaviors aligned with
the intended objectives of the game. By providing immediate and tangible
feedback, gamification can shape and encourage specific actions, helping players

develop productive habits (Bassanelli et al., 2022).

e Feedback enhances the overall user experience and enjoyment of a
gameful system. It creates a sense of interactivity and responsiveness, making
players feel acknowledged and involved. Well-designed feedback systems in
gamification can create a dynamic and immersive environment that keeps players

engaged and entertained (Jahn et al., 2021).

Recognizing the importance of feedback within gaming contexts, it becomes im-
perative to delve into the diverse gameful methodologies employed and the potential
avenues for integrating feedback within gameful education (Koivisto & Hamari, 2019b).
Solely embedding game elements, like points and badges, as external rewards, falls short
of cultivating the desired motivational advantages sought by certain gamification re-

searchers. Thus, the critical nexus between formative assessment and effective gaming
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Provides users with a sense of progress, achievement, and rewards.
Helps players in learning and developing new skills.
Helps players in understanding their objectives and goals.
Reinforces desired behaviors and actions.

Enhances the overall user experience and enjoyment.

Figure 3.2: Five key points of feedback in gameful systems.

lies in their shared capacity to transparently showcase advancements and feasible ob-
jectives (Fuchs & Wolff, 2016). However, the gamification design can yield various
implementations. As elucidated by Fuchs and Wolff (2016) and Morrison and DiSalvo
(2014), badges and points can be employed in a meaningful manner to afford students a
more profound comprehension of their progress. Nevertheless, a comprehensive explo-
ration concerning specific feedback types, the most effective gamification features for
their delivery, and the impact of feedback on system users remains an area that war-
rants more in-depth examination (Bassanelli & Bucchiarone, 2022; Koivisto & Hamari,

2019b).

3.7 Game elements selection

Game elements, which constitute the basic components of games, are utilized in non-
playful applications to encourage positive changes in behavior. Game elements have
been classified in various ways, such as through the Octalysis framework (Chou, 2019)
and Toda et al.’s taxonomy (A. M. Toda, Klock, et al., 2019). While Toda et al.’s
taxonomy focuses on the attributes of game elements, Chou’s framework centers on
the impact of these elements on human motivation. As mentioned in the introduc-
tion, gameful systems designers extensively relied on points, badges, and leaderboards
(collectively known as the PBL triad) to gamify their digital services. The choice of
points, badges, and leaderboards — also known as the PBL triad — in gamification as
the default way to motivate users (i) did not allow the exploration of different, and

possibly more appropriate, game elements, and (ii) promoted the adoption of a one
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size fits all approach.

Some authors pointed out how the PBL triad is not only potentially reducing the
motivational effect of gamification to its short-term effects (Rapp, 2015; Trinidad,
Calderén, & Ruiz, 2021), but it also limits users’ experience to specific aspects of
gamification, instead of engaging them in a vast possibility of meaningful experiences
(Robertson, 2010; Trinidad, Calderén, & Ruiz, 2021; Werbach et al., 2012). The au-
thors’ reflections lead us to consider how gameful system designers should focus on
other, less explored, game elements to broaden our knowledge and create better expe-
riences for users. An interesting approach in this direction is the focus on the creation of
meaningful experiences, rather than the choice of game elements as rewards for display-
ing specific behaviors. Nicholson (2015), for example, developed a framework based on
aspects of game design such as play, exposition, choice, information, engagement, and
reflation, based on Self Determination Theory and aimed to design intrinsically moti-
vating experiences. Using the taxonomy reported by Toda et al. as a reference point, it
is possible to identify other game elements that designers can use to create meaningful
gameful experiences: levels represent a relationship between the user and their benefits
as they progress within the gameful system; stats inform the user about their perfor-
mance; while progress bars represent the advancement of the user, locating his position
in respect to a goal (see A. M. Toda, Oliveira, et al. (2019) for a full list of game ele-
ments and their description). Narrative, as the order of the occurrences experienced by
the user (A. M. Toda, Oliveira, et al., 2019), is recently gaining researchers’ attention.
P. T. Palomino, Toda, Oliveira, Cristea, and Isotani (2019) defined narrative as “the
process in which the user builds his own experience through a given content, exercising
their freedom of choice in a given space and period of time, bounded by the system’s
logic”. In another paper, P. Palomino et al. (2019) explore users’ preferences for game
elements and their relationship with the narrative one. The authors underline the vari-
ety of rules that link narrative with the rest of the game elements, and the necessity to
deepen our knowledge in that direction. In the Kids Go Green project, Bucchiarone,
Bassanelli, and Marconi (2023) used virtual journeys to incentivize children to opt for
sustainable means of transportation for going to and coming back to school. In Kids

Go Green, children are rewarded virtual kilometers, which allows them to unlock new
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milestones in their class’ educational journey. Similarly, Trinidad, Calderén, and Ruiz
(2021)’s GoRace users participate in a legendary Olympic race and advance in a map
based on their real-life performance.

From the literature emerges how the choice of game elements during the gamifi-
cation design process is far from being an easy task, and designers need to take into
account multiple factors to provide users with meaningful experiences and support their

behavioral change.

3.8 Methodological rigor

In many gamification research papers, the reporting of the methods, data, analysis, and
results presents inadequate methodological rigor, making interpretation, reliability, and
generalization of data difficult (Koivisto & Hamari, 2019b). Gamification research and
its theoretical conceptualizations should acknowledge the dynamic, cyclical nature of
gamification; gamification research should increasingly employ controlled experimental
research methods, to gain knowledge of the actual effects of gamification. Calculating
the correct sample size (Francis et al., 2010), namely the number of people participating
in the study, allows researchers to minimize false positive and negative results (Dekking,
Kraaikamp, Lopuhad, & Meester, 2005; Francis et al., 2010; Smith & Bryant, 1975) (also
referred to as type I error and type II error (Banerjee, Chitnis, Jadhav, Bhawalkar, &
Chaudhury, 2009)), which is a first step in the generalization of findings. The minimum
required sample size depends on the experimental design, along with the statistical
tests chosen to analyze data (Francis et al., 2010; O’Keefe, 2007). Also, differences in
parameters such as the critical alpha and the expected effect size influence the number
of participants (Francis et al., 2010; O’Keefe, 2007). The procedure of calculating the
sample size is called “a-priori power analysis” (O’Keefe, 2007) and it has to be done
before the collection of data. Researchers can rely on different software for calculating
the a-priori power analysis, or different sources from the literature (Boddy, 2016; Hwang
& Salvendy, 2010; Louangrath, 2017). G*power (Erdfelder, Faul, & Buchner, 1996)
and MorePower (Campbell & Thompson, 2012) are two of the most used software

for the computation of the sample size with many different statistical tests; they allow
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automatic calculation of the necessary sample based on the distribution of the reference
population or by selection of the statistical tests used. As reported by many authors
(Hamari et al., 2014; Koivisto & Hamari, 2019b; Seaborn & Fels, 2015), the empirical
research on gamification is limited in terms of sample sizes; as a result, the sample
sizes of studies should be large enough to increase methodological rigor, as well as to
amplify the transferability and explanatory power of the results. Finally, after the
collection and analysis of data, it is important to calculate the effect size (Kelley &
Preacher, 2012). The effect size is defined as the value that quantifies the strength
of the relationship between two variables (Kelley & Preacher, 2012) and it can be
calculated through many different methods (Rosenthal, Cooper, Hedges, et al., 1994).
It represents the magnitude of the effect, and it is useful to compare different outcomes
(Kelley & Preacher, 2012). For example, effect size in gamification can be used to
evaluate differences in the effectiveness of two gamified software. Although it is not
always easy, following these procedures is essential to increase the methodological rigor

in gamification and shed light on some open issues.

In addition to the sample size and effect size calculation, also the time spans of
studies should be properly considered. Several authors (Farzan et al., 2008; Koivisto
& Hamari, 2014, 2019b) report that the time users spend interacting with a gameful
system within a study should be long enough to enable novelty effects in the data to be
minimized. Short timeframes pose an evident threat to the validity of study findings.
In particular, novelty has been shown to affect users of gamification services (Farzan
et al., 2008), and by gathering after a short period of time, the risk of findings being
skewed by the novelty of the implementation is elevated. Unfortunately, there are no
specific guidelines in the literature. Considering this aspect at the evaluation stage
could significantly improve the reliability of the data obtained. Moreover, not many
studies conducted follow-up analyses of whether gamification had been effective over
a long period after the use; hence, it is possible that the positive changes observed
may not be sustained over time (D. Johnson et al., 2017). It is therefore increasingly
necessary to design long-term evaluations to make the true effectiveness of gameful

systems more transparent.

Some authors (Chambers & Tzavella, 2022; Soderberg et al., 2021) suggest that
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registered reports and study preregistrations might provide an increased methodolog-
ical rigor. According to Soderberg et al. (2021), the use of registered reports shows
statistically robust and large improvements in attributes, such as methodological rigor
and overall article quality, and at the same time, being statistically indistinguishable
from comparison papers in terms of features such as novelty and creativity. Moreover,
these techniques can also provide: (i) the possibility of successful replication (Camerer
et al., 2016), (ii) the generalization, (iii) the data transparency (Reich, 2021), (iv) allow
fast publications, and (v) provide control over the study design and the methodological
rigor (Spiller & OIff, 2018). Furthermore, while it is true that research on gamification
is still trying to understand how to motivate specific behaviors in the short term, the
evaluation of the effectiveness of gameful systems should also move forward in the un-
derstanding of the long-term effect. To assess the long-term strengths and weaknesses
of gamification, more longitudinal studies are needed.

Overall, in the gamification research domain, it is deemed necessary to improve
the methodological rigor of the studies, to comprehensively evaluate the real weight of
gamification components, determine the factors that contribute to its success, and then
ensure the effectiveness and validity of gamification efforts. To pursue these results,
several options that provide rigorous methods are available. Hence, we expect that in
the foreseeable future, this factor will be taken into account to increase the effectiveness

of the gameful systems.

3.9 Collected data

In empirical studies, two main outcomes can be collected: psychological and behavioral
outcomes (Koivisto & Hamari, 2019b). For behavioral outcomes, several affordances,
such as badges, points, and leaderboards, as well as course results or assignment grades,
and other forms of measuring performance are used. Thus, it is not always possible to
determine whether the behavioral change is due to the use of the gameful system. It is
very difficult to have baseline behavioral data before the use of gameful systems, so any
changes are inferred from a hypothetical baseline, or through subjective questionnaires.

Moreover, few studies present a follow-up analysis, then it is difficult to check whether
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the behavior is maintained over time.

Research on gamified systems should also address ethical concerns. Behavioral data
collection and analysis can introduce ethical considerations from both personal and so-
cietal perspectives. Individual players within gamified systems are not a homogeneous
group, and researchers must consider the potential for overload, where excessive gamifi-
cation can undermine its intended purpose. Designers and researchers need to carefully
evaluate whether gamification provides enduring value within specific contexts or if it
might backfire by causing overload and undesirable outcomes, both in the targeted
environment and in real-life situations where the competition may spill over. Addition-
ally, there are ethical concerns related to the hidden motivations behind gamification.
In some cases, the use of player data for purposes other than those explicitly disclosed
in the gamified system may arise, creating ethical dilemmas for both designers and
users. These ethical issues highlight the importance of transparency, consent, and data
protection in the design and implementation of gamified systems (Hyrynsalmi, Kimppa,

& Smed, 2017a).

The extensive range of psychological results observed in empirical studies is vast.
Nevertheless, because of the broad distribution of research frameworks, there is an
absence of significant accumulation of knowledge from any particular standpoint. To
illustrate, the assessment of fun, entertainment, enjoyment or usefulness, effectiveness,
and efficiency outcomes frequently employs specific instruments tailored for each in-
vestigation. Additionally, although numerous studies have explored the perceptions
regarding the utilization of a specific system, these findings remain confined to that
particular system, offering limited potential for generalization. Overall, psychological
elements are analyzed through questionnaires that are often constructed ad-hoc for
a specific study. This leads to low reliability and, consequently, difficulty in gener-
alization and comparison (Koivisto & Hamari, 2019b). Hence, it seems necessary to
understand which elements are best suited to be collected and which questionnaires are

more reliable for assessing psychological outcomes.
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3.10 Gamification design

The creation of gameful systems is a task of intricate complexity, demanding meticu-
lous forethought to ensure their effective functioning. The inclusion of chance-based
gamification elements such as points and badges within software does not inherently
guarantee triumphant outcomes. Consequently, a multitude of design frameworks have
emerged to serve as guiding principles for both researchers and practitioners through-
out the design process (Mora et al., 2017). As a result, a diverse array of gamification
designs and methodologies has arisen to accommodate the unique objectives and req-
uisites of varied contexts. However, it is important to note that only a limited fraction
of gamification research employs these underlying theoretical frameworks (Bozkurt &
Durak, 2018; Kolln, 2022), and only three out of ten frameworks for education have
been validated so far (Rauschenberger, Willems, Ternieden, & Thomaschewski, 2019).
The divergence in gamification design paradigms presents both advantageous prospects
and challenges. On one hand, it fosters a broad spectrum of imaginative and pioneer-
ing approaches to gamification. Conversely, it complicates the comparative analysis
and assessment of distinct gamification designs, making it arduous to ascertain which
approaches are most efficacious within differing scenarios (Bassanelli et al., 2022). Fur-
thermore, the prevailing absence of standardized and comprehensive design procedures
for gameful systems introduces complications in implementing personalization tech-
niques, accurately evaluating the significance of each gamified element and feedback

mechanism, and appropriately gauging user experience.

The lack of standardized and controlled paradigms can also lead to ethical issues
concerning the developed system (as also presented in Section 3.9). According to
Hyrynsalmi, Kimppa, and Smed (2017b), gamification design can have implications for
people and society. Cognitive limits apply to gameful systems as they do to every other
aspect of life. It is therefore necessary to bear this in mind during the design phase
so as not to create dangers for users. For an overly simplified example, a gamified
mobility solution can seriously endanger someone’s life whether the user can check it
while driving. Furthermore, considering all users as a homogeneous group could lead

those in weaker positions (elderly, children, etc.) into dangerous positions. Therefore,
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an analysis of target users and their dynamics is necessary to avoid certain problems.
Many companies use systems with leaderboards. Employees could easily falsify infor-
mation (cheating) to advance their position, damaging the working environment. For
this reason, elements of ethics should also be considered during gameful system design.
Despite being a fundamental element in system design, design frameworks rarely con-
sider ethics. For example, Marczewski (2017) presents a short framework to prevent
the potential dangers of personal morals, or lack thereof, overruling ethics: (i) Does
the system offer a choice? (ii) What is the intention of the designer? (iii) What are the
potential positive and negative outcomes of being in the system? (iv) Are the beneficial
outcomes weighted toward the needs or desires of the user or the designer?

As reported in Chapter 2, the prevailing absence of standardized and comprehensive
design procedures for gameful systems has induced a shift in research focus, prompt-
ing more scholars to scrutinize systematic methodologies for devising, constructing,
and appraising gamified solutions, thus leading to the development of various gami-
fication design models and methodologies. However, the mere establishment of novel
methodologies does not intrinsically resolve design predicaments. The creation of fresh
frameworks or approaches might not necessarily translate into their effective utiliza-
tion. Indeed, a constructive approach could involve leveraging pre-existing models,
while concurrently designing supportive services aimed at assisting the community in

discerning and implementing the most pertinent system (Kolln, 2022).

3.10.1 Related works

Distinguishing the creation of a game from the development of a gameful system reveals
a significant connection between the two processes, albeit with distinct nuances. The
bedrock of gamification draws extensively from the tenets of game design theory (Mora,
Riera, Gonzalez, & Arnedo-Moreno, 2015). However, the design and execution of gam-
ification demand substantial investments of both time and funds, and the challenges
encountered in this journey might outweigh the anticipated gains (O’Donovan, Gain, &
Marais, 2013). Indeed, multiple experts posit that for more dependable and favorable
outcomes, gamification design should be meticulously tailored to specific contexts, ori-

ented toward predefined objectives, directed at target user groups, and should embrace
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innovative design methodologies that diverge from traditional approaches (Bassanelli
& Bucchiarone, 2022; Koivisto & Hamari, 2019b; Morschheuser, Hamari, Werder, &
Abe, 2017). In pursuit of enhanced efficiency and expeditious development of gameful
systems, a series of targeted design frameworks have emerged. A majority of these
frameworks have predominantly catered to business contexts, leaving a dearth of re-
search dedicated to generic and other applications, such as learning and health-related
frameworks (Mora et al., 2017). Furthermore, comprehensive analyses (Azouz & Lef-
daoui, 2018; Mora, Riera, et al., 2015; Mora et al., 2017) underscore a diverse array of
scrutinized frameworks, ranging from highly theoretical constructs to more conceptual
viewpoints, encompassing perspectives on gamification from various domains of inter-
est. Additionally, it’s notable that much of the existing literature tends to concentrate
on specific ad-hoc experiences rather than formalized design processes (Mora et al.,

2017).

Numerous gamification design frameworks, exemplified by the works of Klock et
al. (2016) and Mora, Zaharias, Gonzélez, and Arnedo-Moreno (2015), trace their roots
to the MDA model (Hunicke et al., 2004). This model strives to amalgamate game
design, development, critique, and technical game research by presenting a structural
approach to understanding games. It encompasses three primary components: (i) me-
chanics, which delineates the specific game elements at the level of data representation
and algorithms; (i) dynamics, which elucidates the real-time behavior of mechanics
as they interact with player inputs and each other’s outputs over time; and (i) aes-
thetics, which encapsulates the desired emotional responses evoked in players during
their interaction with the game system. Among the pioneering frameworks for gameful
systems is the 6D model by Hunter and Werbach (2012). This framework outlines
a six-step roadmap for constructing a gamified system: (i) identifying the business
objectives driving the gamification initiative, (ii) specifying the target behaviors to be
encouraged or discouraged, (iii) defining the intended player demographic, (iv) devising
short-term and long-term engagement loops, (v) ensuring the enjoyability of the gam-
ified system, and (vi) implementing the requisite tools. Over time, this framework has
inspired numerous authors to create additional design frameworks (see Brito, Vieira,

and Duran (2015); Julius and Salo (2013); Schonen (2014); Tomé Klock et al. (2015))
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or adapt it in different contexts (see Gomez-Jaramillo, Moreno-Cadavid, and Zapata-
Jaramillo (2018); Yusof, Atan, Harun, Salleh, and Khamis (2022)). Among the most
prominent gamification frameworks is the Octalisys Framework devised by Chou
(2019) (Figure 3.3). This framework delineates eight “core drives” motivating players
within gamified systems: epic meaning and calling, development and accomplishment,
empowerment of creativity and feedback, ownership and possession, social influence
and relatedness, scarcity and impatience, unpredictability and curiosity, and loss and
avoidance. Notably, these “core drives” on the right are labeled “right brain core
drives”, aligning with creativity, self-expression, and social aspects, while those on the
left are termed “left brain core drives”, primarily associated with logic, calculations,

and ownership.

Meaning

Accomplishment Empowerment

Ownership Social

Influence

Scarcity Unpredictability

Avoidance

Figure 3.3: Octalysis framework, from Chou (2019).

Building upon literature reviews and expert insights, Morschheuser, Hamari,
Werder, and Abe (2017) crafted a gamification design process comprising seven stages:
(i) project preparation, (ii) analysis, (iii) ideation, (iv) design, (v) implementation, (vi)
evaluation, and (vii) monitoring. This solution facilitates a thorough understanding of
users and application areas before transitioning to prototype evaluation. On a differ-
ent note, Klock et al. (2016) introduced a framework (5W2H) to guide the creation,
development, and assessment of user-centric gamification through a series of steps ad-

dressing key questions (Figure 3.4): (i) who, (ii) what, (iii) why, (iv) when, (v) how,
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(vi) where, and (vii) how much.

Figure 3.4: 5W2H framework, from Klock et al. (2016).

Conversely, Bucchiarone et al. (2019b) conceived the GDF (Gamification Design
Framework), comprising five layers (Figure 3.5). These layers encompass three compo-
nents in the game modeling process: the gamification model (GML), outlining game
elements; the game model (GaML), focusing on game mechanics; and the game in-
stance (GIML), addressing game dynamics. Additionally, two utility layers—the game
simulation (GsML) and game adaptation (GadML)—can be applied to any of the game

modeling layers.

GAME
ELEMENTS

GAME
MECHANICS

GAME
DYNAMICS

GAME MODEL (GaML)

Figure 3.5: Gamification Design Framework (GDF), from Bucchiarone et al. (2019b).

Despite certain shared themes, the frameworks discussed exhibit a notable diversity

in the realm of gameful systems. Therefore, the subsequent section outlines outstanding
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challenges that illuminate the ongoing endeavors required to enhance the design of

gameful systems.

3.10.2 Open Issues in Gamification Design

Overall, it can be observed that the frameworks in the literature have a high degree of
heterogeneity, with varying levels of theoretical depth and divergent conceptualizations,
primarily stemming from different contexts and areas of interest (Mora, Riera, et al.,
2015; Mora et al., 2017). Additionally, many existing references tend to emphasize ad-
hoc experiences rather than formal design processes. While there are commonalities
across these frameworks, the heterogeneity in gameful system design persists. This
diversity leads to some challenges in comparing gamified systems and understanding
the importance of specific factors in gamification outcomes. Additionally, most of
these frameworks have their roots in game design, which operates under a different
theoretical background and may not fully address onboarding and endgame processes
(Mora et al., 2017). The great heterogeneity presented, along with the different areas
of uses and concepts underlying the frameworks, is not necessarily a negative factor.
However, gamification design frameworks, despite their potential, often exhibit low
reliability due to the lack of standardization, a scarcity of validation, and difficulties in
supporting the entire design process, including playtesting and evaluation (Mora et al.,
2017). Addressing these issues — also reported in Section 3 — is crucial for advancing
gamification design.

According to the review of Mora et al. (2017), gamification design frameworks can

be divided into three main approaches to the design process:
e User-centered: users and their goals are the central focus during the design
procedure.

e Game-centered: game design, elements, and artifacts are the central focus

during the design procedure.

e Technology-centered: technological artifacts are the central focus during the
design procedure. They are focused on the definition of architectures and systems

as the basis of any gamification design and development.
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These approaches allow some challenges, already presented in Chapter 3, to be
addressed. However, none of the design frameworks attempt to consider all of them
comprehensively. For instance, existing user-centered design frameworks can make
designers pay the appropriate attention to the interpersonal differences, goals, and
game modality; however, they may fail to address other contextual or technological
challenges. Indeed, designers should not be based only on certain aspects of users,
technology, or games, but should consider all the challenges depicted in Chapter 3,
all the way from the initial design to the evaluation and monitoring (as presented in
the model of Morschheuser, Hamari, Werder, and Abe (2017)). Moreover, researchers
need to focus on the impact of these factors on the effectiveness of gamification. In
fact, design frameworks should adequately guide designers during the process so that
methodological rigor can be improved to facilitate the generalization and comparison
of findings. Table 3.1 depicts what challenges have been addressed by the design

frameworks described in Section 3.10.2).

Challenges Frameworks

Contextual differences Hunter and Werbach (2012); Klock et al
(2016); Morschheuser, Hamari, Werder, and
Abe (2017).

Interpersonal differences Hunter and Werbach (2012); Klock et al. (2016);
Mora, Zaharias, et al. (2015); Morschheuser,
Hamari, Werder, and Abe (2017).

Goal differences Klock et al. (2016); Morschheuser, Hamari,
Werder, and Abe (2017).

Game modality Bucchiarone et al. (2019b); Chou (2019); Hu-
nicke et al. (2004).

Technology Klock et al. (2016).

Feedback Not addressed.

Game elements Chou (2019); Hunicke et al. (2004); Klock et al.
(2016).

Methodological rigor Not addressed.

Data collection Partially addressed by Hunter and Werbach

(2012); Klock et al. (2016); Mora, Zaharias, et
al. (2015); Morschheuser, Hamari, Werder, and
Abe (2017).

Table 3.1: List of challenges addressed by the most widely used design frameworks.

To address these challenges, the GamiDOC tool (Bassanelli & Bucchiarone, 2022)

has been developed. The gamification design framework aims to guide designers in
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creating gameful systems while considering individual, demographic, and cultural vari-
ations, analyzing contextual and technological information, and guiding during the rules
creation and game elements selections. Then, a gamification design document (GDD)
helps the team with communication, speeding up timelines, and allows for monitoring
of the technological components to help during the system requirements process. With
the features under development, GamiDOC will provide a holistic approach to gameful
system design, by including a design review phase — which promotes the use of prereg-
istrations and registered reports to enhance methodological rigor and transparency —,
an evaluation and monitor section to encourage the use of more rigorous methodolo-
gies, and an open access database to help users selecting the best fitting game elements.
This approach aims to create a more systematic and reliable foundation for the design

of gameful systems.

3.11 Conclusion

This chapter introduced the challenges that still exist in gamification design, including
interpersonal and goal differences, game modality used, contextual factors, techno-
logical features, how to provide feedback, the selection of game elements, the use of
good methodologies for data collection and analysis, and the collection of adequate
data. Then, we introduced some gamification design frameworks that are used in the
literature, and the open issues that still exist.

Overall, the elements to be considered during the design phase are many, and it
is difficult to take into account every single variable to be analyzed. In the literature,
many alternatives have been produced to guide during the design phase, however, there
are currently no tools that take into account all the challenges we have identified. This
prompted us to develop GamiDOC, a holistic solution that can guide throughout the
entire journey, starting from design to final system evaluation. In the next chapter,

GamiDOC will be described in detail.
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Chapter 4

GamiDOC

To assist gamification designers throughout the design process, development, and user
experience assessment, while addressing the challenges associated with gameful systems
design and resolving the unresolved matters outlined in preceding sections, we have
introduced a web-based tool known as GamiDOC!, firstly described in “GamiDOC:
A Tool for Designing and Evaluating Gamified Solutions” (Bassanelli & Bucchiarone,
2022)).

The creation of this tool followed a Design Science Research Methodology (DSRM)
approach (which steps are depicted in Figure 4.1). DSRM (Peffers et al., 2007) serves as
a robust approach enabling systematic generation and refinement of innovative solutions
for challenges within the realm of Information Systems (IS) applications. Employing
an iterative framework, DSRM empowers developers to craft artifacts for addressing
specific problems. Our ongoing project, GamiDOC, aligns with the DSRM process to

tackle the complexities of gamification.

4.1 Identify problem and motivate

The initial step in this journey involved a comprehensive review of pertinent litera-
ture to address RQ 1, and pinpoint challenges. We drew insights from the works of
Koivisto and Hamari (2019b), Seaborn and Fels (2015), and Mora et al. (2017), who

meticulously documented the hurdles encountered in gameful systems design, develop-

1 .
gamidoc.com.
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Figure 4.1: Design science research methodology (DSRM), rearranged from (Peffers
et al., 2007).

ment, and implementation. Following their findings, we first analyzed co-citation and
co-occurrence clusters of documents, authors, and keywords — as depicted in Chapter
2 —, identifying how the current literature has begun to move away from previously
used design methods, looking for viable alternatives. Then, as presented in Chapter 3,
we have comprehensively identified the elements that compromise the design of gameful
systems, while also presenting the open issues that need to be addressed. Having these

issues in mind, we went on to define an artifact that could address all the challenges

presented.

4.2 Define objectives of a solution

Then, starting from the challenges identified, we engaged in a series of brainstorm-
ing sessions and interviews with prominent experts in the field to elucidate potential
solutions. Our ideal final solution should guide designers and developers through the
whole process, starting from the initial design, thus addressing the challenges related to
the target users, context, desired behaviors, technological constraints, guiding during the

selection of game elements and feedback, and allowing designers and developers to com-
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Figure 4.2: GamiDOC features in the overall process.

municate transparently through documentation that also took into consideration the
rules of the game and the aesthetic component. Moreover, we identified other critical
objectives to include, such as the facilitation of translation from rules to programming
language, a possible control over the final design before the development, and the guid-
ance during the data collection and data analysis phases. Overall, the final solution
should pose as a viable solution for guiding entire teams in the design, development,

and evaluation of gameful systems.

4.3 Design and development

As the optimal solution, a single platform containing several features to guide and help
during the different stages of the development of gameful systems was identified. The
processes supported by our solution are depicted in Figure 4.2. I present then each

feature, describing the design, and the developmental progress state.

4.3.1 Design framework

We initially set out to create a design framework that would guide designers through the
analysis of contextual information, such as application domain, tool’s aim, target
users need and aim, and encouraged and discouraged behaviors. Sequentially, through

the analysis of technological information, such as software, and devices, and pos-
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sible game modalities. Then through the analysis of core information, such as
game elements selection and their personalization, feedback design, and the game rules,
mechanics, dynamics, progression, and loop. Lastly, through the analysis of the game
aesthetic, including the graphic style. A graphical representation of the design frame-
work is depicted in Figure 4.3.

The first implementation of the model was in Nuclino?, an online tool for unified
working space. However, the need to create an efficient GDD that would be integrated
with the other features led to the creation of a stand-alone online website and the
creation of some constraints within the different sections of the framework. In the

following sections, we present a description of each component.

4.3.1.1 Context

Within the gamification design model, the context component holds immense signif-
icance. It permits the utilization of contextual details to tailor the design for each
gameful system. This component gathers information about the application domain,
software aim, target user, and the behaviors to be encouraged. Collecting contextual in-
formation is essential to customize recommendations for gamification elements, drawing
from an accessible database.

As detailed in Section 3.1, gamification elements may operate differently based

2https://www.nuclino.com/.
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The context component allows researchers and practitioners to design the gamification system keeping track of contextual
information. This section provides four subc to be idered: ication domain, aim of the software, definition of
target users, and the selection of encouraged and avoided behaviors.

® Domain

The domain component collects the application domain in which the gamified solution will be used. For the taxonomy of possible
domains, we chose the list included in

Domain

Figure 4.4: Domain feature in GamiDOC.

on the application domain (Kim, 2015; Koivisto & Hamari, 2019b). At present, the
domain subcomponent employs the taxonomy established by Koivisto and Hamari
(2019b) to classify the application domain where the gamified solution will be im-
plemented. Thus, users can select one of the following categories: Education/learn-
ing, Health /exercise, Crowdsourcing, Social behavior/networking/sharing, Software de-
velopment /design, Business/management, Ecological /environmental behavior, eCom-
merce/eServices, Software engineering, Marketing/consumer behavior, Citizen/public
engagement /activity, Entertainment, Innovation, Transportation/mobility, Culture/-
tourism, Architecture, Communication, Emergency planning, Politics, Welfare/ci-
ty/human/public services, Work, Theory. Then, after selecting the most suitable
domain, users can describe in detail the application domain in the appropriate box

(Figure 4.4).

The aim subcomponent gathers insights into the purpose of the designed software
and the rationale behind its creation. In numerous gamification projects, the objectives
were not clearly defined at the project’s outset (Kim, 2015). The objective of a gami-
fied solution could range from increasing student enrollment to fostering collaboration
among users or even promoting a shift toward environmentally sustainable behaviors
(see Section 3.3). In this part, GamiDOC gathers information about the purpose of the
gameful system based on the taxonomy of Fortes Tondello et al. (2018): (i) Outcome
goal — which refers to the accomplishment of a very specific result; (ii) Performance

goal — which refers to doing well by one’s performance standards; (iii) Process or
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@ Aim
The goals of many gamification projects do not appear to have been clearly set out before the projects began. The goal of a gamified
solution may simply be to increase the number of students, to increase the cooperation among users, or simply to support a behavior
change towards eco-sustainable behaviors. In order to help researchers and practitioners in the reasoning underlying the design and
development of software, the aim component collects information about the goal of the designed software and why it has been
thought. This selection includes three different types of aims, :
(1) Outcome goal, which refers to the accomplishment of a very specific result. For example, many goals involve completing specific
tasks; therefore, the result is well-defined. Challenges, quests, and exploratory tasks are well suited to define outcome goals;
(2) Performance goal, which refers to doing well by one’s own performance standards. For example, earning a specific number of
points, reaching a specific position in a leaderboard, or completing a specific number of tasks;
(3) Process or Learning goal is related to learning new skills. Research has shown that when the individual lacks the necessary skills or
knowledge to accomplish a difficult goal, it is better to set a learning goal instead of an outcome or a performance goal.

Aim v

Figure 4.5: Aim feature in GamiDOC.

Learning goal — which is related to learning new skills. Users in this case have the
opportunity to select one of the three elements and describe in more detail the ultimate
purpose of the tool (Figure 4.5).

The encouraged behaviors subcomponent captures information about the behav-
iors designers intend to promote or discourage. This feature can be considered one of
the fundamental factors of gamification (Bassanelli et al., 2022). Unlike the other com-
ponents of GamiDOC, this one does not contain a categorized selection because there
is no evidence in the literature reporting possible categories of behaviors to be encour-
aged and discouraged in gameful systems. For this reason, the feature allows designers
who use GamiDOC to consider this element during the design phase by describing in
detail the behaviors they wish to encourage through the use of the application (Figure
4.6).

The target user subcomponent compiles pertinent data concerning the users who
will engage with the software, including categories, age ranges, and more. As outlined
in Section 3.2, various sources within the gamification field emphasize the importance
of individual differences and user preferences for the success of gamified solutions (Kim,
2015; Koivisto & Hamari, 2019b; Tondello et al., 2016; Zahedi et al., 2021). At the
current state, designers can report the application’s target user by selecting a range of

age and describing the possible category of target user (Figure 4.7). As presented in
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(0 Encouraged Behaviors

Game behavior component refers to the clarification of the game rules, game mechanics, game progression. The game rules
determine, just like in any other game, how the game inside the application is played. The mechanics describe what happens when a
player does something in the game in order to achieve the game’s goal. Progression is defined through a subset of game mechanics
that describe how the game overall progresses like, for example, player levels advancing and, thereby, unlocking new things for the
game. The final output consists of a list of the game rules, in which mechanics and progression are specified. Moreover, this part is
linked to the dynamics subcomponent, which provides a list of possible dynamics that can emerge runtime or after a certain number of
runs. This allows researchers and practitioners to (1) monitor the interaction between users and mechanics, and (2) to modify the design
in order to avoid inadequate interactions and behaviors.

Encouraged Behaviors

Discouraged Behaviors

Figure 4.6: Encouraged and discouraged behaviors feature in GamiDOC.

( Target user

Several documents in the gamification field suggest that users” individual differences and preferences are crucial for the success of
gamified solutions (B. Kim, 2015; Koivisto & Hamari, 2019; Tondello et al., 2016; Zahedi et al._2021). The existing taxonomies take into
account the personality traits or the possible user type. Thus, we decided to develop our taxonomy, following the possible users’
category. The target users component collects all the relevant data related to the users who will be involved in the use of the software
(category and age ranges) The difficulty in the development of a possible exhaustive taxonomy could lead to explorative applications

of gamified solutions for studying new categories.

Age -

SRR m

Figure 4.7: Target users feature in GamiDOC.

Chapter 7, the final aim of GamiDOC for this feature is to present reliable pre-existing
categories of target users to allow personalization strategies based on these categories.

This analysis is currently ongoing.

4.3.1.2 Techology

The technological aspect of gamification entails gathering details about the hardware,
software, input/output devices, and other technological constituents utilized during
software development. It is vital to take into account the specific device on which the

software will be deployed, ensuring that the chosen gamification elements align opti-
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® Device

The technology component takes into account hardware, software, input and output devices, any other technological components
involved in the software development, and the kind of device in which the software will be used. Since there are several different devices
that can be used for gamified solutions, and different game elements fit in in a different way according to the device used (Su
, and different interactions with games can change the user experience Wyeth 201), it
is important to comprehend if the selected choices could fit the context information (i.e. device type, game engine, etc), and then if the
selected gamified elements are optimal for the selected device. This component allows the selection of a choice within:(1) mobile, (2)
tablet, (3) laptop, (4) head ted display, (5) d reality and (6) real life.

Device v

coo m

Figure 4.8: Device feature in GamiDOC.

mally with that device. This facet enables the selection of diverse device categories,
encompassing mobile phones, tablets, computers, head-mounted displays, augmented
reality devices, and real-world settings. A fundamental understanding of whether the
technology selections align with the context of the gamified solution is crucial, including
considerations of the game engine and device category. In this section, designers can
report the different devices and technologies with which the gameful system is expected
to be used, such as mobile, computer /laptop, tablet, head-mounted display, augmented
reality, or non-digital. Moreover, an empty box allows users to give additional infor-

mation about the device (Figure 4.8).

4.3.1.3 Modality

This section is devoted to establishing the primary mode integrated within the gamifica-
tion software. Despite limited evidence on cooperative gamification, existing literature
demonstrates distinctions between cooperative and competitive modalities of gamifica-
tion, and how various game elements support these different modes (Y. Chen & Pu,
2014; Goh & Lee, 2011; Lee et al., 2013; Massung et al., 2013; Mekler, Brithlmann,
Opwis, & Tuch, 2013; Morschheuser, Maedche, & Walter, 2017). To classify different
gamification modes, we adopted the categorization proposed by Morschheuser, Maed-
che, and Walter (2017): (i) individual, (ii) cooperative, (iii) competitive, and (iv)
cooperative-competitive gamification features (also elaborated in Liu et al. (2013)).

The latter pertains to elements that facilitate users’ collaboration within their group
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® Type of Modality

This component is dedicated to the definition of the main modality included in the gamification software. Despite the scarcity of
evidence on cooperative gamification, the few results in the literature show differences in cooperative and competitive modalities of
gamification and that different game elements support the different modalities

. In the
identification of different gamification modalities, we decided to follow the distinction made by Morschheuser and colleagues
between (1) individual, (2) ive, (3) itive, and (4)
gamification features , with the last one referring to those elements which support users’

cooperation with their ingroup (i.e., team mates), and competition with the outgroup (i.e.,, team competition). Therefore, based on the
main modality included in the design, each gamified software will be divided into the same categories. Our definition of gamification
modality does not include emergent behaviors (i.e., emergent cooperation between opponents to hinder the first user on the
leaderboard) or behaviors to be encouraged outside of the software (i.e., cooperation as behavior to be encouraged outside of the
software) since it does not lead to a univocal modality (i.e., cooperation in real life can be reached through cooperation or competition
as well in the gamified software)

Modality -

ceme m

Figure 4.9: Modality feature in GamiDOC.

(e.g., team members) while fostering competition with external groups (e.g., team-
based competition). Thus, the gamified software is categorized based on its primary
modality. Our definition of gamification modality excludes emergent behaviors (e.g.,
opponents cooperating to hinder the leading user on the leaderboard) or behaviors to
be promoted outside the software (e.g., encouraging cooperation beyond the software),
as they don’t lead to a distinct modality (e.g., real-life cooperation can be achieved
through cooperation or competition within the gamified software). In this part of the
tool, users report the gameful systems’ modality and can describe it in detail (Figure

4.9).

4.3.1.4 Core

As presented in Figure 4.3, the core part is composed of three different parts: (i) game
behavior, (ii) game elements, and (iii) feedback.

4.3.1.4.1 Game behavior

The game behavior subcomponent encompasses the game’s rules and mechanics.
Game rules, akin to any game, dictate in-game interactions within the application.
Mechanics delineate outcomes when players take actions to accomplish the game’s ob-

jectives. Progression is characterized by a subset of game mechanics that describe
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© Rules

The final output consists of a list of the game rules and their links, in which mechanics and progression are specified. Moreover, this part
is linked to the dynamics subcomponent, which provides a list of possible dynamics that can emerge runtime or after a certain number
of runs. This allows researchers and practitioners to (1) monitor the interaction between users and mechanics, and (2) to modify the
design in order to avoid inadequate interactions and behaviors.

SoHe m

Figure 4.10: Rules feature in GamiDOC.

overall game advancement — like player leveling and unlocking new game elements.
The outcome is a comprehensive list of game rules, specifying mechanics and progres-
sion. In this part, designers describe the whole game’s rules. This allows them to
monitor the interaction between users and mechanics, and to modify the design to
avoid inadequate interactions and behaviors. The result is a list of primary mechanics,
secondary mechanics, and their interactions (Figure 4.10).

Additionally, this section connects with the dynamics subcomponent, which
presents a list of potential dynamics that can emerge during runtime or after a specific
number of iterations. This empowers researchers and practitioners to (i) monitor user-
mechanic interactions and (ii) refine the design to prevent undesirable interactions and

behaviors.

4.3.1.4.2 Game elements

The game elements subcomponent records details about the utilized gamification
elements, drawn from the taxonomy proposed in A. M. Toda, Klock, et al. (2019) and
A. M. Toda, Oliveira, et al. (2019). Hence, designers can choose all the game elements
used in the gameful system, describing them and their interactions. The taxonomy
reports game elements divided into specific dimensions. The Performance/measure-
ment dimension is composed of elements related to the environment response, which
can be used to provide feedback to the learner, such as Acknowledgement (badges,
medals, trophies, and achievements), Level (skill level, character level), Progression
(progress bars, steps, maps), Points (scores, experience points, skill points), and Stats

(information, Head Up Display (HUD) and data). The Ecological dimension is com-
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posed of elements that are linked to the environment in which gamification is imple-
mented. These elements are mainly defined as properties, such as Chance (randomness,
luck, fortune, or probability), Imposed choice (choice, judgment, and paths), Economy
(transactions, market, exchange), Rarity (limited items, collection, exclusivity), and
Time Pressure (countdown timers or clocks). The Social dimension is related to the
interactions between the learners presented in the environment, such as Competition
(conflict, leader boards, scoreboards), Cooperation (teamwork, co-op, groups), Reputa-
tion (classification, status), and Social Pressure (peer pressure or guild missions). The
Personal dimension consists of elements that are related to the learner that is using
the environment, such as Nowvelty (update, surprise, changes), Objectives (missions,
side-quests, milestones), Puzzle (challenges, cognitive tasks, actual puzzles), Renova-
tion (boosts, extra life, renewal), and Sensation (visual or sound stimulation). The last
dimension, Fictional is composed of elements related to the user (through Narrative)
and the environment (through Storytelling), tying their experience with the context. At
the current state of development, the game elements (called affordances in the tool),
are merely a list that provides a guideline for developers (Figure 4.11). As presented
in Section 7, in the future, their selection will be reported in an additional feature that
already contains a list of selected elements and will allow code to be produced from
natural language (see Section 4.3.4).

The personalization section, which is linked to the game elements and the feed-
back, collects information on specific personalization techniques used in the gameful
system to personalize feedback or game elements, such as the user type analysis with

specific scales (Nacke et al., 2014; Roccas et al., 2002; Tondello et al., 2016).

4.3.1.4.3 Feedback

The feedback subcomponent describes how the system provides feedback to users.
The first version of this component, depicted in Figure 4.12, relied only on timing (e.g.,
immediate, delayed, personalized) and content (e.g., corrective, explanatory, reporting,
personalized).

After the first use of the tool (Section 5.1.1), we noticed a lack of clarity and alterna-

tives in feedback design; thus, we decided to develop a more structured feedback design
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(® Game Elements

Gamification elements component shows a list of gamified elements used in the software. The previous components are useful to better
understand which gamification elements fit in the proper way. The selected taxonomy of possible gamified elements comes from the
work of Toda and colleagues

- Performance: Acknowledgement, Level, Progression, Points, Stats;

- Ecological: Chance, Imposed choice, Economy, Rarity, Time Pressure
- Social: Competition, Cooperation, Reputation, Social Pressure;
 Personal: Novelty, Objectives, Puzzle, Renovation, Sensation;

- Fictional: Narrative, Storytelling

Novelty -
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(a) Game elements section in GamiDOC.
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(b) Game elements selection.

Figure 4.11: Game elements section and selection.

framework within GamiDOC. This framework, depicted in Figure 4.13, consists of a
linear flow that allows users to specify different components of feedback and has been
evaluated in Section 5.2. The first element is the selection of the part of the process
in which designers want to provide feedback, which refers to the selection of a
different part of the learning path: (i) learning, (ii) practice, or (iii) assessment. Later,
with “what do you prefer to communicate to the user?”, it collects information

on the information aim, such as (i) feedback, information on performances/paths, or
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© Feedback
Feedback component refers to the selection of the kind of feedback used in the software. Since there are different ways to provide
feedback, mainly according to the content and timing, and since feedback works differently across certain domains and users
, this section is needed to specify the content and the timing of used feedback. The selected taxonomy comes from
. Hence, GamiDOC provides a choice according to the timing (immediate feedback, and late feedback,

personalized feedback timing), and a choice for the content (corrective feedback, explanatory feedback, reporting feedback, and
personalized feedback content).

Timing -

Content -
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Figure 4.12: First feedback feature in GamiDOC.

(ii) feedforward, guidance for future performances/paths. After communicating the
feedback aim, the framework guides through the feedback specification, with the de-
scription of the feedback typology, the specification of the feedback content, the
most suitable timing, and the best modality. The feedback typology can be iden-
tified as positive, negative, and mixed. Positive refers to emphasizing the elements that
went well during an activity, negative emphasizes the elements that could be improved
upon, while the mixed one takes into consideration both elements that went well in
an activity and, at the same time, identifies elements that need improvement. The
feedback content refers to the ultimate meaning of the feedback. It comprehends Eval-
uative contents (evaluate the effectiveness of users’ decisions), Descriptive contents
(offer users detailed and specific information on how to improve; it is directly con-
nected to the learning objectives, targeting any misconceptions or areas of insufficient
understanding), Constructive contents (provide specific observations, suggestions, and
recommendations to help an individual or a system enhance their performance, skills,
or behaviors), Corrective contents (highlight and rectify errors, misconceptions, or per-
formance deficiencies), Appreciative contents (provide insights with an emphasis on en-
hancing effectiveness and productivity in future endeavors rather than assigning blame
for past actions), or Tailored contents (involve customization of the feedback content to
suit the individual). The feedback timing comprehends three different timing: Direct

feedback (provided immediately), Delayed feedback (provided later), and Tailored (per-
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FEEDBACK DESIGN FRAMEWORK

In which part of the process do you want to provide feedback?

!

What do you prefer to communicate to the user?

!

What is the feedback typology?

!

What is the feedback content?

!

What is the most suitable timing?

!

What is the best modality?

!

What is the best game element that can support feedback?

!

Feedback presentation.

|

[ Feedback implementation. }

Figure 4.13: Feedback design framework.

sonalized for specific users or conditions. The feedback modality comprehends written,
visual, auditory, and multimodal.

After selecting the feedback structure, the framework relates the feedback structure
just described to the game elements taxonomy depicted in the game design framework
(A. M. Toda, Oliveira, et al., 2019) to help the designer identify game elements that
can support feedback in the game. The game elements can either replace feedback in
its entirety or flank it. Indeed, in the later parts of the framework, the user is asked to

identify how feedback is presented in detail.

4.3.1.5 Aesthetics

The game aesthetics segment encompasses all details of the visual aspect of the
software and how these relate to the emotional aspects elicited. Aesthetics directly
influence user experience: heightened visual appeal corresponds to increased user in-
terest and captivation. Consequently, this elevation translates to enhanced motivation
and engagement levels (Schell, 2008; Walk, Gorlich, & Barrett, 2017). In this section,
researchers and practitioners are required to document choices and provide examples of

the visual facet and decisions regarding the user interface through an upload procedure.
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4.3.2 Gamification design document

We subsequently decided to allow the automatic creation of a GDD containing all the
information entered following the framework to help in the communication between
design and development?, thus helping the team in the selection of system require-
ments. This design document is a reference document that is helpful for members of
the development team: they should constantly be using the document to find specific
information for their specific needs (Baldwin, 2005). It’s important that a GDD does
not cause information overload and, for that reason, be shelved by the development

team. Hence, the GDD must be organized and formatted to make it easy to use.

4.3.3 Methods control and Peer-review process

To optimize the effectiveness of the developed tool, and thus reduce the waste of re-
sources and time, we came up with a feature containing control over the gameful systems
design and methods design through a submission with a peer-review process. Although
there is a gamification design framework within the tool that creates a GDD, it is pos-
sible to submit a gamification design document following any type of existing design
framework. Then, users registered to GamiDOC may be selected for review based on
their expertise in the field. Along with the document, preregistration of data collection
and analysis may be attached. GDDs evaluated positively can then be posted in Gami-
DOC and published in the database, allowing a possible public search by keywords; if
preregistration is present, a special mark is placed on the document, indicating that
the modality of data collection and analysis has been validated. Finally, GamiDOC
shows a board with the gamification design documents that have been approved on
the homepage. It will be possible to scroll through them by keyword, authors, and
other factors (such as domain, target users, and so forth). The board will show also
the application results of the developed software (if possible).

This feature exists in the back end of the tool but has not yet been implemented
because the peer-review condition carries with it certain concerns. Indeed, the simple

final design and development of this feature can represent a Ph.D. project itself:

3A video of the use of GamiDOC and a GDD can be retrieved here: https://osf.io/zvayp/
?view_only=5973f67e5£8743468£09809a2786b654.
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e How can we assess properly the expertise in gameful systems design?

e Where can we allocate the database for the collection of submitted documenta-

tion?

e Which organization can take on the ethical constraints that the collection of

personal data entails?

e What method of ascertainment and authentication can be used to determine the

identity of members?

4.3.4 Code Generation

As gamification continues to gain traction across various application domains and
reaches a broader user base, the complexity of gameful software is inevitably on the
rise. Consequently, a significant challenge arises in bridging the abstraction gap be-
tween design and implementation (Bucchiarone, Martella, Muccini, & Fusco, 2023).
The implementation phase becomes more arduous and error-prone due to the increas-
ing rules and customization requirements. Additionally, managing maintenance and
evolution activities becomes more challenging due to the disconnect between design
and implementation.

To address this issue and narrow the gap between the design and implementation
of gameful applications, we leverage the Gamification Design Framework (GDF) (Buc-
chiarone, Cicchetti, & Marconi, 2019a; Bucchiarone et al., 2019b). GDF comprises a
set of domain-specific languages (DSLs) dedicated to specifying, implementing, and
deploying gameful applications. This framework has been developed based on three

fundamental principles:

e Separation-of-concerns: As the complexity of gamification grows, an effective
way to manage it is by treating various aspects as separate viewpoints that can

later be integrated into a comprehensive solution.

e Correctness-by-construction: With the increasing intricacy of gamification
applications and their diverse user base, it becomes crucial to ensure that game

rules align with the mechanisms and elements intended for the target application.
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e Automation: To minimize the gap between design and implementation, manual
code writing should be minimized, and the framework should provide a high

degree of automation.

GDF embodies these principles through three DSLs that correspond to three ab-
straction layers through which any gamified application can be viewed: (i) The top-
most layer defines general mechanics and elements that a solution may include, such
as points, bonuses, challenges, and more; (ii) the second layer instantiates a subset of
the abstract concepts defined in the layer above. It does this by specifying the par-
ticular gameful application under development, including details like the number of
steps, “walker of the week”, “hundred thousand steps week”, and so on, in systems for
green transportation. (iii) The third and bottom layer describes the implementation
of the concepts above together with their deployment on a gamification engine. Con-
figuration parameters can be set, like point thresholds, bonuses, challenge activation
timing, and player or team assignments. Furthermore, these layers provide generators
for automating the derivation of implementation code for the gamified application. In
summary, GDF provides a structured and automated approach for designing and im-
plementing gameful applications, helping to manage complexity and ensure alignment
between design and realization.

Starting from GDF, Bucchiarone, Martella, et al. (2023) developed DSL4GaR —
Domain Specific Language for Gamification Rules —, a domain-specific language for
gamification rules definition, simulation, and deployment. DSL4GaR consists of three

main modules:

e Rule Generator: It provides a collection of APIs that are valuable for defining a
rule and can be broken down into two separate sub-modules: (i) LHS generator,
a set of APIs to properly define the conditions for a rule to be executed; and (ii)
RHS generator, a set of APIs to build the consequences of a rule when it is

executed.

e Rule Simulator: It offers a range of APIs designed for simulating specified
rules. Each simulation consists of an initial state, the applied rules, and all the

state changes observed during the simulation process. These state changes are
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illustrated through a graph, which helps assess the impact of each rule applied

during the simulation.

e Rule Deployer: Using it enables interaction with the gamification engine and

deployment of all tested rules once they have been simulated.

DSL4GaR functions as a tool designed to simplify the rule’s lifecycle process for
non-technical users. It offers user-friendly APIs within an integrated development
environment (IDE), ensuring syntax highlights and auto-completion features while re-
stricting user inputs to minimize errors. Additionally, DSL4GaR provides a structured
method for testing rules and validating their outcomes. Designers can initiate simula-
tions from a defined initial state of the game, monitoring the evolution of the state and
rule interactions through a graph. Each node in the graph represents a game state,
and each edge signifies the executed rule that transforms the system into a new state.
During simulation, designers can define a list of assertions automatically verified during
the process. If unexpected occurrences arise, the graph highlights encountered errors.
Once rules are defined and tested, they can be deployed on the gamification engine
(GE), the software responsible for their execution, allowing end-users to engage with
the gameful system. DSL4GaR facilitates direct interaction with the GE, enabling
users to deploy, update, or delete rules effortlessly.

We therefore decided to implement a direct link between the game rules and
DSL4GaR to speed up code creation during development. However, this feature needs
to specify the links between the various game elements and game rules before using
DSL4GaR. Currently, we are designing a user interface that can easily be used directly

within GamiDOC.

4.3.5 User experience

To guide designers in the selection of adequate evaluative methodologies and evalua-
tion items, thus improving the quality of analysis (addressing the challenge depicted in
Section 3.8), we designed a feature of GamiDOC which provides a list of different evalu-
ation methodologies and standardized questionnaires (primarily for user experience) for

both qualitative and quantitative data, along with the presentation of several impor-
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tant pieces of information for data collection and analysis (including sample size, effect
size, and so forth). At the moment we have included two main sections: qualitative
methods, including Observation (Lofland, Snow, Anderson, & Lofland, 2022), Inter-
views (Brooks, Horrocks, & King, 2018), Focus groups (Morgan, 1996), Surveys (Braun,
Clarke, Boulton, Davey, & McEvoy, 2021), and Secondary research (Largan & Mor-
ris, 2019); standardized questionnaires, including GAMEFULQUEST (Hogberg,
Hamari, & Wastlund, 2019), User Ezperience Questionnaire (Schrepp, 2015), Igroup
Presence Questionnaire (Vasconcelos-Raposo et al., 2016), Fun@ (Tisza & Markopou-
los, 2021a), System Usability Scale (Lewis, 2018), Health-ITUES (Yen, Wantland, &
Bakken, 2010), meCUE (Minge, Thiiring, Wagner, & Kuhr, 2017), miniPXI (Haider
et al., 2022), Player Experience of Need Satisfaction questionnaire (PENS) (D. John-
son, Gardner, & Perry, 2018), Game Ezperience Questionnaire (GEQ) (IJsselsteijn,
De Kort, & Poels, 2013), Intrinsic Motivation Inventory (IMI) (McAuley, Duncan, &
Tammen, 1989), User Motivation Inventory (UMI) (Brithlmann, Vollenwyder, Opwis,
& Mekler, 2018), AttrakDIFF (Strockl, Oberrauner, Krainer, Wohofsky, & Oberza-
ucher, 2020), and two questionnaire developed by the team that are now under vali-
dation, MEEGA360 (Gini & Bassanelli, 2022), and AirBreak (Bassanelli, Gini, Buc-
chiarone, & Marconi, 2024).

Currently, the feature design is complete, and we are developing a prototype. As a
result of the development it will be possible to select the most suitable questionnaire
according to needs, or compose a questionnaire based on the dimensions of the various
questionnaires presented. Moreover, with a submission procedure, it will be possible

to add new standardized questionnaires to the list, so that they can be used by users.

4.3.6 Open-access database

The selection of proper game elements can be a difficult part of design. So we thought
we would tackle the challenge of properly reporting the effectiveness of game elements in
several contexts. We thought the use of an open-access database that would allow users
to observe the effectiveness of certain game elements in certain contexts could help (i)
choose the best game elements for a gameful system, and (ii) produce a perpetual list

of state of the art on gamification. Currently, we are exhaustively analyzing empirical
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documents in the field of gamification (with at least one control group in the study)
to build the structure behind the database. After the final development, the database
will interact with the contextual part of the model, suggesting the best game elements
concerning the contextual info entered. Moreover, it will be possible to update the data

in the database by uploading empirical data.

4.3.7 Design frameworks list

To make GamiDOC more holistic, we thought about the inclusion of an exhaustive
list of gamification design frameworks and procedures to be included in a section of
the tool that would serve as an analysis of the relevant literature and, when needed,
provide users with an alternative to design procedures. Currently, we are still running
a comprehensive systematic analysis. Before reaching the development stage, it will be

necessary to implement a method to identify reliable design strategies and frameworks.

4.4 FEthical concern

As presented in Sections 3.9 and 3.10, while designing gameful systems it is crucial to
face ethical concerns regarding the designed gameful system. The option in GamiDOC
to specify in detail elements relating to domain, purpose, encouraged and hindered
behaviors, additional information on technological components, game modality, and
aesthetics, and the specification of the game dynamics, makes it possible to verify that
there are no ethical problems, including dangers to users or the possibility of misuse
of the tool. In addition, GamiDOC guidance and control features, namely methods
control, peer-review process, and system evaluation allow further control on the ethical

sustainability of systems produced with GamiDOC.

4.5 Conclusion

The solution identified through the DSRM approach considers all the challenges re-
ported in Chapter 3 and attempts to fill the open issues (Section 3.10.2). However,

the project can be considered extremely large, and it was not possible to complete the
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development of all artifact components during these 3 years. Table 4.1 provides an

overview of the current state of the GamiDOC’s features development.

Feature Current state

Gamification design framework Done. The gamification design framework was fully developed
and implemented in the online platform.

To do. We just need to implement the new feedback design
model, find a reliable categorization for target users to allow per-
sonalization strategies based on these categories, and address some
usability problems listed in Chapter 5, including further examples
of use.

Gamification design document Done. The creation of a GDD is possible from the compilation
of the framework.
To do. The page layout of the document still needs some
improvement.

Gameful system design peer-review Domne. The login component and the possibility to submit the
final design of gameful systems as an attachment with evaluative
methods exist in the back end.

To do. Before the feature can be released into the tool, some
ethical constraints must be resolved.

Code creation Done. Code creation from rule definition exists through an
external tool called DSL4GaR.
To do. DSL4GaR needs some refinements. Moreover, it is
necessary to finalize the user interface that acts as a conduit be-
tween GamiGOC and DSL4GaR.

User experience Done. The design of this feature and the first prototype is
ready.
To do. We need to evaluate the prototype before proceeding
to actual development.

Open-access database Done. We have finished the database design phase.

To do. We need to complete an exhaustive and systematic
analysis of empirical documents in the field of gamification (with
at least one control group in the study) to build the structure
behind the database; then, proceed to the development

Gamification design frameworks list Done. Feature design has been partially completed.

To do. We need to complete an exhaustive and systematic
analysis of gameful system frameworks, identifying reliable design
strategies and frameworks. Then, proceed to the actual develop-
ment.

Table 4.1: Overview of the current state of the GamiDOC’s features development.

In the next Chapters, we present the final stages of the DSRM, namely Demon-
stration, which reports the use of the artifact to solve problems, and Evaluation,
which reports observation on how effective and efficient the artifact is (and iterate
back to the design to improve the tool. This document, along with Bassanelli and
Bucchiarone (2022) and Bassanelli, Bucchiarone, and Gini (2024), represent the actual

Communication stage.
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Chapter 5

Evaluation

In this Chapter, I report studies that analyze the usability and usefulness of GamiDOC,
related to both the gamification design framework and the online tool (RQ 3). The first
two studies, which analyze usability, feature perception, and tool utility, respectively,
are given in the paper “GamiDOC: The Importance of Designing Gamification in a
Proper Way” (Bassanelli, Bucchiarone, & Gini, 2024). As a result of the data obtained
from these studies, the feedback component in GamiDOC was modified. The last study

in this chapter presents an analysis of the new feedback design framework.

5.1 Design framework evaluation

5.1.1 First study

To conduct a comprehensive evaluation of the tool’s usability, we employed the System
Usability Scale! (SUS) (Brooke et al., 1996). We chose this tool due to its established
reliability and widespread use in usability studies (Lewis, 2018), and because it presents
an analysis methodology providing an overall value for the usability of a tool. Addition-
ally, to gather insights into future developments for GamiDOC, we designed a custom

2

questionnaire® comprising eight items that assessed the usefulness of GamiDOC fea-

tures. Both questionnaires utilized a 5-point Likert-type scale, ranging from “Strongly

IThe full scale and the related information can be retrieved here: https://www.usability.gov/
how-to-and-tools/methods/system-usability-scale.html.
2The full ad-hoc questionnaire can be retrieved here: https://osf.io/5crw.
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disagree” to “Strongly agree”. We also included a final item to collect feedback and

suggestions for enhancing the tool.

5.1.1.1 Participants and procedure

We recruited a total of 16 participants (10 males and 6 females) with experience in
gamification design. Each participant utilized the tool online and completed the ques-
tionnaire on Qualtrics®. Existing literature (Hwang & Salvendy, 2010) recommends a
sample size of 10 + 2 for usability studies to detect at least 80% of usability issues.
Among the participants, nine had limited experience in gamification design, while seven
identified as experts in the field. Participants were recruited through online platforms
such as Slack® and Discord® channels, as well as via email within gamification design
courses at the University of Trento. We instructed participants to use GamiDOC’s
gamification design model to create a gamification design document. Subsequently,
users were asked to respond to the online questionnaires. Participation in the study

was voluntary.

5.1.1.2 Results

We analyzed questionnaire results using RStudio® (version 2022.07.2). The initial ver-
sion of the tool achieved a SUS score of 65.67, slightly below the threshold of 68. This
suggests the need for further improvements to enhance usability. The feedback from

the questionnaire highlighted specific areas for improvement:

e Hypertext connections: Users encountered issues with hypertext connections,
particularly when navigating to the bibliographic section, as it did not retain the

information entered.

e Information gaps: Some elements in the model lacked sufficient information,
leading to difficulties for users. Gamification elements and feedback selections

were identified as needing more explanatory content.

3https://www.qualtrics.com/.
“https://slack.com/.
*https://discord. com/.
Shttps://posit.co/.
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Figure 5.1: Usefulness of GamiDOC features expressed by users.

e Lack of examples: Users noted a general absence of examples within the model,

which could have guided them in filling out the form effectively.

e Hierarchy: Users found it necessary to establish a well-defined hierarchy during

the design phase to guide them through the top-down approach of the model.

Analyzing the SUS score concerning user experience in gamification design, less-
experienced users reported a higher overall score (SUS score = 72.5) compared to
expert users (SUS score = 60.71). Regarding the evaluation of the components under
development, each item received high ratings (mean value = 3.91 + 0.4). Notably,
items such as “I think that the development of these features could enhance gamification
reliability” (mean value = 4.3 £+ 0.48), “I think that the open-access database can be
useful for the whole community” (mean value = 4.3 £+ 0.48), “I think that the whole
community could benefit from the final version of the tool” (mean value = 4.23 + 0.72),
and “I think that the gamification design model easily guides users in the design phase”
(mean value = 4.07 + 0.86) received particularly positive responses. Interestingly,
expert designers reported higher values (mean value = 4.23 + 0.47) compared to users
with less experience (mean value = 3.80 + 0.34).

A visual summary of the results is provided in Figure 5.1.
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5.1.2 Second study

We run a second experiment to further evaluate the usefulness of GamiDOC during

the design phase of gameful systems.

5.1.2.1 Participants and procedure

During two different classes focused on gameful systems design at the University of
Trento, a group of 13 students had the opportunity to utilize GamiDOC to design sev-
eral gameful systems. In response, we devised a custom questionnaire to systematically
assess the tool’s strengths’. This questionnaire encompassed various aspects, includ-
ing demographic information (such as age, gender, and educational background), the
participants’ self-perceived competence in gameful systems design, and their impres-
sions regarding the GamiDOC gamification design framework’s utility in the context

of designing gameful systems.

5.1.2.2 Results

Among the participants (n = 13), 9 identified as males, while 4 identified as females,
with an average age of 25.4 years. Their educational backgrounds varied, with 7 users
having a background in user interfaces, and the remaining 6 coming from diverse spe-
cializations within engineering and computer science, including biomedical engineering,
telecommunication engineering, mechatronics engineering, computer vision, and com-
puter science.

Before the course, participants reported having little to no knowledge of gameful
systems design techniques and skills (6 reported “no experience”, while 7 reported “lit-
tle experience in gameful systems design”). However, they indicated that the course
significantly improved their understanding of the subject and equipped them with the
necessary tools to be competent in gameful systems design. Specifically, 10 students
reported feeling “somewhat competent”, while only two students described themselves

as “neither competent nor incompetent”, suggesting a perceived overall enhancement in

"The full questionnaire can be retrieved here: https://osf.io/t9uks/?view_only=
7d1d26c2cb2£49d0a9c9d900d82bactfa.
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their competence levels. During the course, detailed explanations of various gamifica-
tion frameworks were provided, including the MDA model (Hunicke et al., 2004; Kim,
2015), the 6D model (Hunter & Werbach, 2012), Octalysis (Chou, 2019), Morschheuser
and colleagues’ framework (Morschheuser, Hamari, Werder, & Abe, 2017), the 5W2H
model (Klock et al., 2016), and GamiDOC (Bassanelli & Bucchiarone, 2022).

Participants identified several key obstacles when designing gameful systems, with
the most significant challenges including adapting systems to meet the needs and ob-
jectives of target users, understanding the psychological rationales behind the imple-
mentation of specific game elements, and defining rules clearly to optimize the feedback
provided. For instance, one participant emphasized the importance of “Get to know
the target users and their problems in a precise way, so that it is possible to target
them during the gamified system design” to effectively target them during the gamified

system design process.

Nearly all students (n = 10) reported that GamiDOC was valuable during the design
phase and highlighted various reasons for its usefulness. Primarily, it was seen as ben-
eficial because it offered a structured guide throughout the design process, facilitating
the identification of weak and strong points and enabling the tracking of any changes.
Moreover, it allowed students to “understand all the phases and critical points in de-
signing gameful systems” and, as a result, “structure the design workflow”. One student
mentioned that “it was helpful to clear out the ideas in a structured way. Thus, it was
easier to understand the weak and strong points”. Additionally, students noted that
GamiDOC prompted them to pay attention to components that might have otherwise
been overlooked (n = 10), including the dynamics section, the pipeline, the interaction
between target users and game elements, the aesthetic component, the description of

rules, and various types of feedback.

Overall, one user described GamiDOC as “extremely useful”, eight users found it
“very useful”, two users regarded it as “moderately useful”, one user deemed it “slightly
useful”, and one user reported that it was “not at all useful” for guiding in the design

of gameful systems.
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Figure 5.2: Critical elements in gameful systems design identified by users.

5.1.3 Discussion and limitations

Our findings indicate that users with limited design experience encounter the most
significant challenges when designing gameful systems. These challenges revolve around
the identification of end users’ needs and objectives, the proper provision of feedback,
and the selection of appropriate game elements for both real-time feedback delivery
and user motivation (as illustrated in Figure 5.2). Given that GamiDOC’s design
framework places a strong emphasis on the interaction between users, game elements,
and feedback, it has proven to be a valuable resource for users during the design phase

of gameful systems, particularly for individuals new to game design.

Even though these data are useful in providing us with (i) feedback on the effective-
ness of the tool and (ii) direction on which components to prioritize in development, the
data collected are related to 16 users in the first study and 13 users in the second one.
The sample size, although big enough for usability analysis (Hwang & Salvendy, 2010)
and qualitative data analysis (Boddy, 2016), is not large enough to provide adequate
consistency for generalizing the results of each data collection. Indeed, according to
Boddy (2016), at least 20-30 participants are needed for each study to establish data

saturation and thus generalize qualitative data. Likewise, according to Louangrath
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(2017), for Likert-type data, an optimal sample size should be at least 30 participants.
However, the small sample size reflects the non-numerosity of the target population,
i.e., users with experience in gameful systems design. Moreover, in the analysis, we
mainly focused on the utilities of the tool, partly leaving out the usefulness of analyzing
the critical issues as well. Overall, the two sample sizes can be accepted as we collected
sufficient data to have estimates with a desired level of accuracy for a preliminary study
(Lakens, 2022).

The adopted analyses present some limitations. Indeed, the use of the SUS provides
a quality index on usability. However, it does not provide the necessary elements to
significantly improve the usability of a tool such as a qualitative analysis. Last, the
selection criterion for experience in gamification design in the first study was dichoto-
mous. In the future it would be more useful to use a more comprehensive analysis,

specifically asking for users’ past experiences.

5.2 Feedaback framework evaluation

To conduct a comprehensive evaluation of the feedback framework’s effectiveness, we
asked some faculty with progressive experience in education to try the framework (de-
picted in Section 4.3.1.4.3) during the design of a gameful system. To assess the effec-

tiveness, we formulated the following research question:

RQ C.1: To what extent the proposed feedback framework can be useful to

users?

5.2.1 Methods
5.2.1.1 Participants

Participants in the study (n = 35) were recruited through the mail from IEEE MODELS
conference®, and direct connections (mail and Slack messages) with other researchers

with expertise in gameful systems design. The decision to send direct mail stems from

®https://conf.researchr.org/home/models-2023. Last accessed January 18th, 2024.
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the fact that otherwise, it would have been difficult to identify people with experience

in gameful systems design and teaching.

5.2.1.2 Procedure

The full procedure has been implemented in Google Forms®. First, some demographic
data related to the number of years of teaching experience, and then the type of insti-
tution in which they taught were collected. We didn’t collect any other demographic
information, such as gender or age. The answer for years of teaching was dichoto-
mous, “More than 5 years” and “I-5 years”, and for the institution was open-ended.
Then, the survey collected information related to the difficulty of designing feedback
and previous experiences with gamification. All these questions were closed-ended.
Specifically, we used the three levels “Yes”, “No”, “Sometimes” to analyze difficulties
in feedback design and gameful systems design, “Yes, more than once”, “Yes, once”,
and “No” for the experience in gameful systems design, and a 5-point Likert-type scale
(from 1 = “Disagree” to 5 = “Agree”) to report whether game elements could represent
an effective medium to vehicle feedback to students.

Later, we presented to the participants an exhaustive description of the feedback
framework and a contextualization for the use through the ENCORE project'?. EN-
CORE is an Erasmus+ Project that seeks to produce a personalized and gamified
solution to support teachers in educational settings. In ENCORE it is possible to
design a learning path for different skills in the Digital, Green, and Entrepreneurial
domains, providing the learning materials, and specifying which are the learning nodes
— identifying whether they are textual (reading) or multimedia learning — which are
the practice nodes, and which are the assessment nodes. Then, through personaliza-
tion using AI, ENCORE provides practice and assessment exercises based on a specific
learning objective identified.

After the presentation of ENCORE and the feedback framework, we asked partic-
ipants to use the framework for each node of the learning path depicted in ENCORE

(Learning node, Practice node, and Assessment node) to design feedback properly, and

9The survey can be retrieved here https://osf.io/sqdek/7view_only=
79207dc622f£4£049649db879d0ed69e.
https://modis.fbk.eu/encore/. Last accessed January 18th, 2024.
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to link the feedback to specific game elements. Specifically, this part of the survey
allowed responses according to the categories specified in the framework, as described
in Section 4.3.1.4.3. For each node, each user was asked why they had chosen certain
game elements to go alongside the feedback with an open-ended question. Next, we
asked how useful the proposed framework could be and whether they would use this
framework in the future through two 5-point Likert-type items in the survey (from 1 =
“Disagree” to 5 = “Agree”). Last, we collected suggestions, comments, and feedback

on the proposed framework. All data were collected anonymously.

5.2.2 Results

Most of the participants reported to teach at the University (74,2%) and to have at
least 5 years of teaching experience (54,2%). The totality of the participants (100%)
reported having problems selecting appropriate feedback in educational contexts. 80%
of the participants (28) reported having had experience with gameful systems, of whom
75% (21) also with the design phase. Among them, 95,24% (20) reported having
problems in properly selecting feedback during the design phase of gameful systems.
Game elements have been reported generically as an effective way to provide feedback
to students (M = 4,05;SD = 0.8; Mdn = 4).

After the use of the framework, users reported it as extremely useful (RQ C.1
M =4.03;SD = 0.78; Mdn = 4), and some of them reported the will to use the tool in
the future (M = 3.66;.SD = 0.90; Mdn = 4). Then, only 7 users without experience in
gameful systems answered the survey, hence we decided not to run inferential analyses
to assess differences in the results according to gameful systems experience as the groups
were inconsistent in size. The suggestions and comments analysis are reported in Table

5.1. Not all the users reported comments or suggestions.

5.2.3 Discussion

We assessed the effectiveness of the feedback design framework implemented in Gami-
DOC in a structured survey. The purpose of this data collection was to check if the
direction taken in the design of the new feedback framework was appropriate. All in

all, the usefulness reported by users was positive, although there were some problems
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Coded responses Participant IDs

Expand the framework to other domains P8

More control over the assessment part P12

Add more contextual information in the framework P19

Create a link to use the framework easily P22, P23
Integrate storytelling in the framework P25

Add integration within game elements P25

Add the selection of more choices P8, P27, P30
Add feedback from peers P32

Difficult to understand without a demo P9, P13, P20, P35

Table 5.1: Comments from the survey.

related to the study design. Users reported the framework useful since it addresses
those difficulties that are often encountered during the selection of coherent feedback.
Interestingly, the framework was also found to be useful in other contexts. However,
as depicted in Table 5.1, some users reported difficulties as they needed more exam-
ples and contextual information in the experiments, while others suggested some more

features to add to the feedback framework.

5.2.3.1 Limitations

This study presents some limitations. First, the application context was provided
through the presentation of a project. To generalize its effectiveness, it would be more
correct to include multimedia contextual information or use it in a real-world context.
Second, the background of the users was not homogeneous, and the sample size was
not sufficient to run reliable inferential analyses (the sample size required with a power
of 0.80 is a total of 106 users). Thus, it was not possible to analyze differences in the
utility expressed concerning prior experience. However, given the accuracy of the data
obtained (Lakens, 2022), we can consider the sample size for this first analysis on the

feedback framework efficacy as acceptable.

5.3 Studies conclusion

In this Chapter, we addressed the FEwvaluation of the usability of GamiDOC’s gamifi-
cation design framework (n = 16), the perceived usefulness of each feature (n = 13),

and a first evaluation of the feedback design framework (n = 35). Usability data sug-
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gested that the tool was sufficiently usable but with ample room for improvement,
specifically regarding hypertext connections, information, examples, and a more spec-
ified hierarchy. Subsequently, all GamiDOC features (exception made for the check on
methodological rigor) have been indicated as useful elements in the design of gameful
systems; specifically, the gamification design framework has been identified as useful
to address several key obstacles reported by users (depicted in Figure 5.2). Last, the
new design for the feedback framework was reported as effective by users. However,
a real application is needed to assess its reliability and real effectiveness. In the next
Chapter, we present an FEwvaluation of two different real case uses of GamiDOC: the
first one is the evaluation of GaMoVR (which was presented above), followed by the

evaluation of Untitled Bee Game, a serious game on eco-sustainability awareness.
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Chapter 6

Real-case scenarios

In this Chapter, to assess RQ 4, I present the two real cases in which the GamiDOC
design framework has been used along with a final evaluation of the tools. The first
study depicts the design, development, and analysis of GaMoVR (Yigitbas, Schmidt,
Bucchiarone, Gottschalk, & Engels, 2024), a tool to support students in learning Uni-
fied Modeling Language (henceforth UML). The evaluation is described in the paper
“Gamification- and Virtual Reality-Based Learning Environment for UML Class Dia-
gram Modeling “ (Yigitbas, Schmidt, Bucchiarone, Bassanelli, & Engels, 2024), while a
description of the design procedure (RQ 3) is depicted in the paper “GamiDOC: The
Importance of Designing Gamification in a Proper Way” (Bassanelli, Bucchiarone, &
Gini, 2024). Then, I present the design, development, and evaluation of Untitled Bee
Game (henceforth UBG), a serious game to increase eco-sustainable awareness. The
study is taken from the document “Untitled Bee Game: Be(e)ing Mean to Learn More
about Eco-sustainability” (Bonetti et al., 2024). In this Chapter, the two systems
are evaluated using subjective (e.g., user experience) and objective (e.g., behavioral
outcomes) measures. Specifically, GaMoVR will be evaluated only through subjec-
tive measures, including usability, perceived learning, and player experience compo-
nents(engagement, motivation, and fun). Instead, UBG will be evaluated relying on
user experience components (motivation, playfulness), users’ future behavior as sub-
jective measures, and real learning improvement due to the game as an objective mea-

sure. Building on these results, an analysis of the effectiveness of GamiDOC in creating
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gameful systems will be presented in Section 7.4.

6.1 Design, development, and evaluation of GaMoVR

6.1.1 Rationale behind GaMoVR development

Over time, modeling has evolved into a crucial practice in both conceptual and sys-
tem design. Hence, upcoming software engineers must acquire proficiency in modeling
and modeling languages such as UML. To improve learning and learning motivation,
research suggests an active learning style (Jensen, Kummer, & Godoy, 2015; Mitchell,
Petter, & Harris, 2017). To implement active learning, different learning applications
exist that are designed to help learners become comfortable with modeling languages
like UML and actively practice modeling. With this regard, many interactive UML
learning applications exist, and gamification-based alternatives have been proposed in
recent years to promote the engagement of learners (Bucchiarone, Savary-Leblanc, et
al., 2020; Deehli, Kristoffersen, jr, & Sandnes, 2021; Jurgelaitis, Ceponiene, & Drungi-
las, 2018). According to current studies such as (Saleem, Noori, & Ozdamli, 2022)
or (Shin, 2017), gamification and Virtual Reality (VR) are promising approaches for
gaining knowledge and can improve necessary capabilities such as decision-making,
cooperation, and communication.

To create a comprehensive gamified tool to support students in learning model-
ing, the GamiDOC game design framework has been used with the design of a tool
called GaMoVR! (Gamification-based MOdeling learning in Virtual Reality), an im-
mersive gamification-based UML learning environment in Virtual Reality (VR) which
aim is to practice modeling class diagrams interactively (see Figure 6.1). The frame-
work outlined in GamiDOC was used during the design phase to define two layers in
the application and the subsequent system requirements for development. The first
layer encompasses the entire application, where game elements are not confined to
minigames but instead, guide the overall learning experience. These elements include a
player-controlled avatar and the aforementioned progression system, which is driven by

experience points earned upon completing individual tasks or minigames. The second

' A video of that game can be retrieved here: https://www.youtube.com/watch?v=N0Q4m r61kA&.
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layer consists of the minigames that envelop the modeling tasks. These are metaphor-
ically modeled after the Hangman metaphor, creating a challenging environment that
motivates players to perform at their best, avoid mistakes, and attempt to find solutions
through strategic thinking. Within these minigames, additional actions like shooting
or swinging a sword are integrated to enhance the fun factor and harness the unique

capabilities of VR technology.

6.1.2 Design with GamiDOC
6.1.2.1 Procedure

To assess the usefulness of GamiDOC’s framework, the main designer and developer
reported in a structured interview? how GamiDOC — through the definition of the
tool and the creation of a gamification design document — helped the team during
both the design and development phases. The answers were collected using Qualtrics
at the end of the development of the tool. The questionnaire consisted of two 5-point
Likert-type items (from 1 = “Disagree” to 5 = “Agree”), “Do you think GamiDOC
helped you with the design of the gameful system?”, and “Do you think using GamiDOC
for design has somehow optimized the definition of requirements and the selection of
software components for the gameful system?” with the option to openly explain the
reason for the choice and a final item to collect information about other elements of the

tool’s utility ( “Please, report in detail in what other ways it has helped you (if any)”.

6.1.2.2 Results

During the design phase, GamiDOC was evaluated positively. Specifically, the designer
reported that the tool played a role in shaping the design of the game. Moreover, the
designer specified: “GamiDOC helped massively to understand all the different parts
and influences I have to keep in mind if I am designing and developing a gamified
application. When creating a gamified system for the first time, it is difficult to think
about all aspects involved like the context of the application, the target user group,

the desired outcomes via the game’s mechanics and dynamics which are important for

2The questions can be retrieved here: https://osf.io/7vgm2/7view_only=
74£1e8e5158c47da83c570732383a674.
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design decisions, including which game elements to use, where to include them. Gami-
DOC’s process helped in thinking about all these steps and parts in a structured and

well-documented way throughout the development of GaMoVR”.

Moreover, GamiDOC played a pivotal role in defining the requirements and the
selection of software components for the gameful system. Specifically, the designer
reported “By clearly defining aspects like the target user group, it was easier to select
the specific game elements because I clearly knew which type of users (age, roughly their
background, amongst other things) I want to target. This made it easier to decide on
the game elements and game interactions I wanted to include in GaMoVR. Because
GamiDOC provides a holistic view of the complete system including the technology, 1
was able to think about what might be possible and what might not be possible with the
target platform and development frameworks right at the start and not notice complete

design mistakes halfway through the development”.

pPlanet

Figure 6.1: Screenshots from GaMoVR gameplay.

Overall, during this first real application, GamiDOC has been evaluated as useful

for both the design phase and development phases, showing that, despite being not
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fully developed, it can be a useful tool in the design phase and to define the system

requirements for the development.

6.1.3 Limitations

The reported data show us how GamiDOC can be useful in guiding designers and de-
velopers during the development of gameful systems. However, it should be mentioned
that any critical issues encountered by users were not collected in this study. Moreover,
what is reported is derived from the experience of an individual designer and devel-
oper, hence it should be kept in mind that the data reported are merely a subjective

description and consequently have limited validity.

6.1.4 Evaluation of GaMoVR

After the design and development of GaMoVR, we run an evaluation of the tool. To

assess its reliability, we stated the following research questions®:

RQ D.1: Is GamiDOC helpful in designing a VR-based gameful system?

RQ D.2: Is using GaMoVR providing advantages over a different gameful

system in terms of motivation, perceived learning, and/or user engagement?

6.1.5 Setup and participants

To conduct a comparative analysis between the VR-based learning environment and
a desktop application sharing similar educational objectives, we opted for a within-
subject experimental design (Barnum, 2020). Under this approach, each participant
was tasked with evaluating both applications. To mitigate potential bias, we employed
a between-participants strategy wherein the order of application use was alternated;
the first participant commenced with the VR application, the second with the desktop
application, and so forth. For our comparison, we selected PapyGame (Bucchiarone,

Savary-Leblanc, et al., 2023) as a representative desktop application. PapyGame is

3The research questions have been changed to better fit the content of the thesis.
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a gamified learning tool designed as an Eclipse IDE plugin®, offering students a plat-
form to practice class diagram modeling, aligning with the objectives of the VR-based
learning environment under scrutiny.

Participants allocated to the PapyGame group were provided with laptops equipped
with a fresh PapyGame installation, along with a mouse. Conversely, participants
assigned to the VR-based learning environment were equipped with Meta Quest 2
headsets®, preloaded with the application. The Quest 2’s play area (guardian) was
configured to a 2.5m by 2.5m square, affording participants sufficient space for inter-
active engagement. To facilitate supervision and assistance, the VR headset’s view
was streamed to a laptop, allowing the experiment supervisor to offer guidance if par-
ticipants encountered difficulties. Recruitment of study participants was conducted
through multiple channels. Firstly, a request for participation was disseminated within
a Slack channel established by one of the authors, frequented by students engaged in
thesis work related to VR or AR topics. Additionally, the same request was extended
to a project group, supervised by the same author, and to students attending a lecture
on VR and AR development. While no stringent prerequisites were imposed on po-
tential participants, prior familiarity with UML was encouraged, as neither PapyGame
nor the VR application provided a comprehensive introduction to UML concepts. In-
terested students registered for specific time slots via a Doodle link embedded in the

participation request, ultimately yielding a cohort of 16 participants for the evaluation.

6.1.6 Procedure

The user study transpired between May 30th, 2022, and June 7th, 2022, within the
premises of Paderborn University. During this period, meticulous efforts were under-
taken to maintain uniformity in the experimental setup across all participants. Upon
the participants’ arrival, a concise orientation session was provided, offering insights
into the overarching study theme and outlining their prospective engagement in the
user study. Subsequently, participants were introduced to the specific educational

game they would commence with, bearing in mind that the order of application usage

‘https://www.eclipse.org/ide/.
"https://www.oculus.com/quest-2/?1locale=en US.
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was alternated for each participant, as previously elucidated. For those embarking on
the PapyGame segment, a brief introduction to the Eclipse Integrated Development
Environment (IDE) was provided, with a focus on the modeling plugin, Papyrus (Buc-
chiarone, Savary-Leblanc, et al., 2020), which furnishes both the modeling functionality
and the user interface for PapyGame. Following this interface orientation, participants
immersed themselves in the various levels of PapyGame. These levels were thoughtfully
crafted to scaffold the participant’s progression in constructing a class diagram for a
fictitious food ordering system. Each successive level necessitated the incorporation of
increasingly advanced elements of UML class diagrams, ultimately contributing to the

participant’s successful passage through the game’s challenges.

Upon completion of the final level within PapyGame, participants were administered
a questionnaire to solicit their impressions and evaluations of their gaming experience
with PapyGame. In this user study, we opted to employ a modified version of the
MEEGA360 questionnaire (Petri, von Wangenheim, & Borgatto, 2018) (modified by
Gini and Bassanelli (2022)), a tool meticulously designed to assess educational games.
Given its holistic approach, encompassing aspects of usability, player experience, and
perceived learning outcomes, the MEEGA360 questionnaire enabled us to garner in-
sights while accounting for the distinct attributes of both VR, and desktop applications.
Furthermore, the data gleaned from the MEEGA360 questionnaire empowered us to
address the research queries posited in the introductory section of this paper. The
questionnaire employed a 5-point Likert-type scale (Likert, 1932), spanning from 1
( “Strongly Disagree”) to 5 ( “Strongly Agree”). In evaluating the VR application, par-
ticipants received a brief orientation pertaining to the VR controls and were allowed
to acquaint themselves with the VR device. Subsequently, they were instructed to
engage with at least one level per Hangman game mode while unlocking a minimum
of two UML objects, prerequisites for unlocking the subsequent levels. Upon the com-
pletion of this VR gaming experience, participants were once again presented with the
MEEGA360 questionnaire, complemented by supplementary inquiries concerning their
prior experiences. These additional questions probed into participants’ familiarity with
UML modeling, utilization of digital UML modeling tools, and previous interactions

with VR devices, capturing nuanced insights into their backgrounds and proficiencies.
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6.1.7 Results

The data analysis was conducted employing Rstudio, version 2022.07.2. Initially,
we organized the data® into groups aligned with the dimensions delineated by the
MEEGA360 scale, namely usability, perceived learning, and player experience. Sub-
sequently, we placed particular emphasis on the assessment of engagement, fun, and
motivation, integral facets within the player experience category. This deliberate focus
on these three dimensions is grounded in their established significance as predictors
of the efficacy of gameful systems (Koivisto & Hamari, 2019b; Seaborn & Fels, 2015)
and educational processes (Tisza & Markopoulos, 2021b). The results derived from the
MEEGA360 questionnaire indicated that GaMoVR outperformed PapyGame across all
scrutinized components (Table 6.1). Specifically, GaMoVR exhibited a mean score of
at least 4 (with 5 being the maximum) and a standard deviation below 1, indicative
of a high degree of user satisfaction, usability, and minimal variability. In contrast,
PapyGame displayed an array of average scores equal to or less than 3, accompanied
by a standard deviation approaching 1, signaling lower levels of user satisfaction and
usability, along with heightened variability. An examination of the overall scores ob-
tained from the MEEGA360 scale (ranging from a minimum of 20 to a maximum of
80, where 6§ < 42.5 indicates low quality, 42.5 < 0 < 65 suggests good quality, and
65 < 6 implies excellent quality) revealed that GaMoVR achieved a score of 68.17, de-
noting excellent quality. Conversely, PapyGame garnered a score of 48.66, indicative of
an overall good quality assessment. Turning attention to the additional questionnaire
items, participants reported a moderate level of prior experience in UML modeling,

digital UML modeling tools, and VR devices (Table 6.2).

Dimension Results
GaMoVR  PapyGame
Usability 4.32 £ 0.85 3.05 + 1.20

Perceived learning 4.00 £ 0.77 2.54 4+ 0.87
Player experience  4.26 + 0.79 2.40 £+ 1.15

Table 6.1: Mean and standard deviation at the MEEGA360 scale.

The raw data can be retrieved  here: https://osf.io/ugmj5/7view_only=
2697bf363c7a458ebfdf9a32£002cd61.
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To discern significant distinctions in user perceptions of the two applications, we ini-
tially clustered the data into the MEEGA360 groupings: usability, perceived learning,
and player experience. Subsequently, we conducted a Multivariate Kruskal-Wallis anal-
ysis (MKW) (H. Oja & Randles, 2004) to analyze significant differences between the two
groups (GaMoVR and PapyGame) in the questionnaire answers. The findings illumi-
nated an overarching significant variance in tool perception (H, 3) =25.29,p < 0.001).
The selection of a non-parametric test was motivated by two considerations: firstly,
Likert-type data often exhibit skewness, and secondly, our study’s sample size fell
short of that recommended by power analysis standards (Gardner & Martin, 2007).
Specifically, G*Power (version 3.1) suggested an overall sample size of 56 participants,

with a = 0.05, to achieve a power of 0.80.

Item Results

Prior Experience with UML Modeling 3.40 £ 0.73
Prior Experience with digital UML Modeling Tools 2.80 + 0.77
Prior Experience with VR Devices 2.73 £ 1.39

Table 6.2: Results about the prior experience with VR and UML (modeling tools).

Subsequently, we analyzed the disparities between the results of each application
with regard to engagement, fun, and motivation. Due to ordinal data and small sample
size, a Wilcoxon signed-rank test (Woolson, 2007) was employed for each dimension,
yielding results indicative of significantly higher values for GaMoVR as compared to
PapyGame in terms of engagement (V = 120,p < 0.001), fun (V = 136,p < 0.001),
and motivation (V = 136,p < 0.001) perception. These outcomes are graphically
represented in Figure 6.2. To ensures that any detected differences between groups are
not simply due to chance or the result, pairwise comparisons, fortified by Dunn’s test
with Bonferroni adjustments were employed, exhibiting statistical significance across

all three dimensions (p < 0.001 in all instances).

6.1.8 Discussion and limitations

The results from the interview reported that GamiDOC can be useful for both the
design and development phases (RQ D.1), supporting the definition of the system
requirements for further development. The results from the evaluation reported that

GaMoVR reached adequate levels in the MEEGAS360 scores, suggesting a good balance
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Figure 6.2: Results of the three analyzed dimensions - GaMoVR vs. PapyGame.

of the tool’s usability, player experience, and learning perceived by users through the
use of the tool. Moreover, the inferential results suggest that GaMOVR. could provide
advantages in motivation, perceived learning, and engagement over a different gameful
system (RQ D.2). Overall, in this application, GamiDOC proved to be a useful
approach for gameful system design, producing a reliable tool.

In light of the favorable outcomes delineated, it is imperative to acknowledge certain
constraints that necessitate due consideration when interpreting the data. Firstly, the
utilization of a diminutive sample size presents a constraint, precluding unequivocal
extrapolation of the findings. A power analysis conducted via G*Power advocated
for a minimum sample size of 28 participants to attain a requisite power level of 0.80.
Nonetheless, it is worth noting that, as an initial pilot investigation, the selected sample
size was deemed adequate for the inaugural analysis. Secondly, the study’s inability
to assess the ultimate user outputs when employing the two distinct tools represents
a limitation. This limitation impedes a comprehensive evaluation of the authentic
efficacy in the learning trajectory, restricting the assessment solely to the subjective

perception of learning gleaned from the questionnaire items.

For prospective investigations, it is imperative to augment the sample size to fa-
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cilitate the generalization of outcomes and facilitate a comprehensive assessment of
GaMoVR’s efficacy. Such assessment should extend beyond its influence on user moti-
vation, enjoyment, and engagement, to encompass their tangible impact on the actual

acquisition of UML modeling skills.

6.2 Design, Development, and evaluation of Untitled Bee

Game

6.2.1 Rationale behind Untitled Bee Game development

The rationale behind the development of UBB stems from the great changes within the
ecosystem and the climate due to human action. Human action is making great changes
within the ecosystem and the climate through numerous unsustainable behaviors (Celik,
2020).

Every year, about 25% of the plastic we produce, which equates to a staggering
80.5 million tons, ends up in our environment, making plastic a pervasive environmen-
tal pollutant (Alimi, Farner Budarz, Hernandez, & Tufenkji, 2018; Unep & ASSESS-
MENT, 2016). Moreover, the use of non-eco-friendly elements, such as most detergents,
causes enormous problems, including soil structure deterioration, with detrimental con-
sequences for plant well-being (Mousavi & Khodadoost, 2019), and eutrophication,
which results from the discharge of detergents into water bodies, leading to depletion
of dissolved oxygen levels in the water, which can be harmful to aquatic organisms such
as fish, seaweed, corals and other aquatic life. Human action — e.g. urbanization, light
pollution, chemical pollution, plastic pollution, deforestation, noise pollution, and air
pollution (Barker & Tingey, 2012; Holker, Wolter, Perkin, & Tockner, 2010; Sordello
et al., 2020) — is therefore producing a decrease in terms of biodiversity, contributing
to the decline of some species, especially pollinators, such as wild bees (Potts et al.,
2016). Bees play a pivotal role in delivering a spectrum of ecosystem services that not
only enhance human well-being but also sustain the fundamental life support systems
of our planet (Patel, Pauli, Biggs, Barbour, & Boruff, 2021). These ecosystem services

are inherently aligned with the pursuit of global sustainable development goals (Wood,
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Kaplan, & Szendrei, 2018).

This underscores the necessity for a fundamental transformation in people’s conduct
(Oskamp, 2000). It is imperative to replace practices such as consumerism, wasteful
resource utilization, environmental degradation, contamination, selfish and unjust be-
haviors with sustainable habits, using the world’s resources in ways that will allow
human beings to continue to exist on Earth with an adequate quality of life (Oskamp,
2000). With the continuous upgrading of educational technology, gameful systems,
known for being highly motivating, have often been implemented to promote behavior
change approaches or to support positive behaviors (Bassanelli et al., 2022; Seidler et
al., 2020). Overall, gameful systems present a reliable approach to enhance and en-
courage users to engage in the desired behavior, potentially fostering environmental
protection. Some investigations concentrating on the connection between video games
and ecological knowledge have demonstrated noteworthy quantitative outcomes. In
particular, there is a notable increase in players’ motivation to grasp ecological con-
cepts through video games (Coroller & Flinois, 2023).

We therefore developed a serious game called Untitled Bee Game’, in which players
have the goal of discouraging non-player characters (NPCs) from engaging in specific
non-eco-sustainable behaviors while learning notions related to pollution through di-
alogue with flowers. The long-term goal of the game is to foster positive behavioral
change in terms of eco-sustainability, by providing knowledge engagingly and enjoyably.

To assess the game’s usefulness and qualities, we formulated the following research

questions:

RQ E.1: To what extent was the game perceived by the players as playful

and meaningful?

RQ E.2: How would learning and perceived learning be affected by this

game?

RQ E.3: What design directions should be taken in developing and improv-

ing such a game?

"The full game can be downloaded here: https://osf.io/eznjw/7view_only=
9cf4572c4bled1e3a39be622a9ab433d.
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6.2.2 Design and Development

UBG borrows its title and mechanics from Untitled Goose Game®, a 3D puzzle game for
computers and consoles. Untitled Goose Game is part of a rather recent video game
genre that could be defined as “animal mayhem games” (Caracciolo, Marco, 2021).
These games let players control animals that wreak havoc and punish human beings,
generally relying on humor and disruptive game mechanics. Other such games are, for
example, Goat Simulator’ and DEEEER Simulator '°. This strand of games seems
appropriate to focus on the theme of sustainability and environmental preservation:
they shift the point of view from humans to animals and let players correct or condemn
human behavior as an external observer. We also suspect that carrying out hostile
in-game actions as a human instead of an animal could potentially have negative edu-
cational consequences. The game might be thought to suggest that it is advisable to
be hostile to peers who do not follow certain virtuous behaviors. The core mechanic of
Untitled Goose Game consists of playing tricks on and stealing stuff from human non-
playing characters (NPCs) to disturb their daily activities. Albeit relying on such a
simple mechanic, the game managed to sell one million copies in three months (Forbes,
2019). In addition, its simple, toon-shaded low-poly 3D graphics make for the ideal
style for rapid prototyping and development.

As a “game with a purpose”, we carefully designed the game from the contextual
information and purpose. We then relied on the GamiDOC design framework to write
a game design document'' that would allow the team to communicate and at the
same time, keep track of the development concerning the purpose. The game had no
specific target and was inspired by a graphic style that could be considered pleasurable
across different genders and ages. The idea behind UBG is to explore the potential
of immersing players in a 3D virtual world inspired by recent commercial games, with
NPCs reacting to the avatar’s actions, to foster novel gameful interactions for learning

and positive behavior change. UBG lets players control a bee in a small town (see Figure

Shttps://goose.game/.

“https://wuw.goatsimulator3.com/it.

Ohttps://playism.com/en/game/deeeer-simulator/.

The game design document can be retrieved here: https://osf.io/eznjw/?view_only=
9cf4572c4bled1e3a39be622a9ab433d.
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6.3). We selected a bee because of the importance of bees in the environment (Patel et
al., 2021). Indeed, facts about bees are part of the learning content of the game, which
players are quizzed on. This choice also brought about advantages under the technical
aspect of the implementation, such as having to deal with simpler animations. Imitating
commercial games may imply adopting control schemes that are a bit difficult to master.
Therefore, at the beginning of the game, players are asked to select the control style
they prefer: overhead camera or free camera. In both schemes, players control the bee
in the third person, but in the latter, they can also rotate the camera (and the bee)
freely in all directions. The overall objective is to dissuade the NPCs from pursuing
certain behaviors. If correct actions are taken by the player, the garden (a small area
where flowers can appear) and the river are influenced: the garden produces flowers

and more fish come to the river.

ID (save it for later): X@bg

[
Figure 6.3: The scenery of Untitled Bee Game. The screenshot shows the small town
that is explorable in the game.

Two NPCs were implemented. The first one wastes plastic bottles, while the second
one uses polluting substances to wash her car. An icon above the head of the NPCs
shows the player what behavior is being pursued. If it is a damaging behavior, players
must sting the NPC or drop rubbish on their heads. Stinging can be performed at
any time, even if the behavior shown by the NPC is already correct. Therefore we

differentiate between two stinging actions the player can perform: correct and incorrect
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stinging. The game plays different sounds accordingly. If correct stinging is performed,
new flowers appear in the garden and new fish appear in the river. Once a flower has
appeared, players can interact with it and read facts about the three topics (see Figure
6.4), one paragraph at a time, shown in a classic video game message box. Once a
knowledge paragraph has been unlocked, it becomes possible to read it again in the

pause menu.

As a side mechanic, players may also pick up and recycle the rubbish they find.
This grants them one additional fish. In addition, rubbish can be thrown at NPCs
instead of stinging them to obtain the same effect. If players do not do anything for
a certain amount of time, fish start to disappear. It is worth noting that there is no
game over and the players’ actions are only driven by the possibility to make the virtual
environment better and more lively. The mechanics of UBG are still rather simplistic,
allowing as many participants as possible to complete the experiment without too much

effort. Apart from a couple of side mechanics, the task is rather straightforward.

Bees, whether wild or domeskticaked, are krue

workhorses of the ecosystem. Their primary 7ob is

pollination, which means they help plankts

reproduce by kEransferring pollen from one flower
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6.2.3 Tools and resources

UBG was developed using Unity3D!?, an industry-standard environment in the field
of video game development. Some of the 2D resources and images were found on
Adobe Stock!®, while others were created ad-hoc. The 3D models were either found

15 or created using Blender'®, a popular 3D

in the Unity Asset Store!? and Quaternius
modeling tool. The music was either created ad hoc or found online for free!”.

All of the text within the game and the questions presented in the initial and final
quizzes were created following an extensive literature search on the topic. Following an

initial analysis, the final data were selected based on their association with the player

and NPC behaviors within the game'®.

6.2.4 Methods
6.2.4.1 Data collection method

Before deploying the game and administering it to the participants, we created a REST
API based on a Mongo'® database that communicated with the game during the ses-
sions. For this reason, players were asked to remain connected while playing. We
collected the following information in JSON format: (i) a game ID; (ii) the number of
times each NPC was stung; (iii) the overall number of correct actions; (iv) the overall

number of incorrect actions; (v) the quiz scores; and (vi) the paragraph reading times.

6.2.4.2 Participants and procedure

Players were mainly recruited in Italian and Canadian university facilities (University
of Trento, University of Verona, University of Turin, and University of Waterloo) and

there were no exclusion criteria except for being underage. Recruitment requests were

2http://www.unity. com.

Bhttps://stock.adobe.com/.

Yhttps://assetstore.unity.com/.

Bhttp://quaternius. com.

https://www.blender.org/.

"https://audionautix.com/.

8The final documentation used in the game can be retrieved here: https://osf.io/eznjw/?view
_only=9cf4572c4bledle3a39be622a9ab433d.

Yhttps://wuw.mongodb. com/.
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circulated by two lecturers among bachelor students primarily. They could choose
between a browser-based, a Mac, and a Windows version. They were both Italian
and English-speaking and could change the game language at the beginning of the
game. The procedure consisted of playing for approximately 20 minutes and responding
to an online questionnaire. The game assigned a random alphanumeric ID to each
player to be entered in the final questionnaire, which granted complete anonymity. The
procedure was employed in two phases: the usability test and the main experiment.
The main differences were (i) the version of the prototype, and (ii) the content of the

final questionnaire, administered after the post-session quiz, as described below.

Game session. Players could play a desktop or a web version of the game. After
being shown their ID, they were taken to the initial quiz (pre-test) where they could
express a choice among 4 to several questions related to eco-sustainability to establish a
baseline of knowledge about sustainable behavior. This quiz established a baseline for
each participant. After the initial quiz, players had to complete a brief tutorial about
the game commands and mechanics. Then they could start exploring the environment
and stinging the humans showing undesirable behavior. In so doing they earned a fish
and a flower, and then had to pollinate a flower to reveal a new fact. After revealing
a certain number of facts, players were taken to the second quiz (post-test) with an
additional 4 questions on the same topics as the initial one.

The content and order of the questions in the two quizzes were the same for all
participants, both in the usability test and the experimental phase. Accordingly, the
eco-sustainability facts were shown to all players in the same order. The game informed
players whether their answer was correct or incorrect, and in the latter case, it also
displayed the correct one.

Usability test design. To collect usability data, we used the System Usability
Scale (SUS), which had to be filled out at the end of the game. The choice of using
this tool stems from its reliability and its widespread use for usability studies (Lewis,
2018). Moreover, we added the item “Do you have any suggestions, feedback, comments
that can help us in improving the game?” to collect more detailed information about
possible improvements in the game. We recruited 9 participants (female = 4; male

= 5) and had them play the first version of the prototype, where they had to unlock
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16 flowers and answer 16 quiz questions in total (8 pre-session and 8 post-session).
Each participant tried the game through the web or desktop version and answered the
online questionnaire on Google Form?’. Data in literature (Hwang & Salvendy, 2010)
suggest that for usability studies the sample size of 10 £ 2 is recommended to detect at
least 80% of usability problems. During the usability data collection, we still collected
data on playfulness, meaningfulness, and learning perception to check whether usability
could in any way negatively affect these aspects. Hence, we selected some items from
reliable questionnaires: Q1- “This game gives me an overall playful experience” from
the playfulness dimension of the GAMEFULQUEST (Hogberg et al., 2019), Q2-“I
think this was an important activity” and Q3- “I believe this activity has been beneficial
to me” from the value/usefulness dimension of IMI (McAuley et al., 1989), and Q4-
“The game contributed to teach me some of the most relevant environmental issues”
from the perceived learning dimension of MEEGA360 (Gini & Bassanelli, 2022). We
then interviewed the participants in a think-aloud session.

Experiment design. We recruited 28 participants (age: M = 26.62;.SD = 8.80;
13 identified as female, 15 identified as male), among which 18 completed the game,
and 24 completed the final questionnaire, of which 14 completed both the game and
the final questionnaire. In this phase, players were administered a refined version of
the prototype, where many things were changed according to the previous round of
feedback. In particular, the number of paragraphs to read and the number of quiz
questions were both lowered to 12 in total. After playing the game, participants had to
fill out a questionnaire where they were asked to provide: (i) demographic information
and gaming habits; (ii) an informal assessment of the degree of sustainability of their
behavior; (iii) engagement and value provided by the game by using the items from the
GAMEFULQUEST, the IMI and the MEEGA360 described above, and two more items
— Q5- “Thanks to the game, I am likely to inquire about how to adopt other sustainable
behaviors in the future” and Q6- “Thanks to the things learned in the game, I am likely
to adopt more sustainable behaviors in the future” — created ad-hoc to assess how much
the game may have influenced users to become informed about environmental issues

and adopt environmentally sustainable behaviors in the future. All of the materials

Onttps://www.google.it/intl/it/forms/about/.
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were available both in English and Italian.

6.2.5 Results

We report here both the results from the usability test (expressed mainly in terms of

SUS scores and feedback received) and the main experiment.

6.2.5.1 Usability test

The game’s SUS overall score (62.2) was below the set threshold for a good level
of usability (68), indicating marginal usability; hence, additional improvements were

needed (Bangor, Kortum, & Miller, 2009).

6.2.5.1.1 Questionnaire results

The results of the additional items have identified that during this first application, not
all users found the game completely entertaining (Q1 M = 3.33,SD = 1.11). However,
they recognized its educational power and its importance (Q2 M = 3.44,SD = 1.01;
Q3 M =3.66,SD = 1.11; Q4 M = 3.88,SD = 0.78).

6.2.5.1.2 Feedback comments

At least one participant (Ul) found that the game contained too much text. Therefore
we lowered the number of flowers to 12. This meant less text to read (12 facts instead of
16) and less playtime. Three participants (U3, U4, U8) mentioned that the objective
was not completely clear or that the icons were difficult to interpret. A participant
wrote that they would have liked to know how important it was to read the flower
facts. This would have allowed them to answer more correctly to the final quiz. As a
solution, we added a summary of the objectives in the pause menu. Another participant
(U9) mentioned the difficulty of understanding interactions with fish within the game.
We therefore decided to specify this more clearly. The controls were a bit difficult for
at least two participants (U3, UT7). This led us to offer a choice to the players at the
beginning, asking which control scheme they preferred. However, one participant (U1)

liked how they worked. Finally, one participant (U7) stated that the background music
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was a bit annoying. This stresses the importance of giving players an option menu to
personalize the experience.

Think-aloud session. After the usability testing, we interviewed the participants
informally in a think-aloud session to gather additional feedback. Some points were
raised in this session that had not emerged as part of the written comments. We
summarize the main topics that emerged during the think-aloud session in Table 6.3.
The table includes both suggestions that were later implemented into the game and
those that were not, followed by an explanation.

The suggestion “Add flowers around to encourage exploration” was not
followed because the game only allows to unlock flowers in a dedicated area to optimize
the traveling time and the experiment duration, but will be considered in the future;
“Add a narrative” was not followed because, as mentioned, the game was optimized
to be completed in a reasonable amount of time, so we have not yet included a story

behind the characters or the avatar, but it is a direction for future work.

Comment Implemented
Add a progress bar for the quizzes Yes
Make tutorial more visual Yes
Include recycling mechanics Yes
Make it easier to unlock the fish Yes
Add flowers to encourage exploration No
Add a deeper narrative No

Table 6.3: Suggestions from the think-aloud session, with an indication as to whether
they were followed.

6.2.5.2 Experiment

What follows is a summary of the results obtained with the main experiment, conducted
after the usability test. We proceed to describe and analyze the data obtained from
the questionnaire, the change in quiz performance in pre-test and post-test, and the

feedback received at the end.

6.2.5.2.1 Questionnaire results

All of the analyses were conducted using RStudio (version 2023.03.0). Among the

participants, 24 answered the questionnaire. The results (Figure 6.5) show an overall
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positive evaluation of the tool. Answers were given on a 5-point Likert-type scale
ranging from “strongly disagree” to “strongly agree” (See Table 6.4). Most of the
players found the game playful (63%); however, a few subjects thought the game was
not playful, indicating the need to bring changes to the game in the future (12%).
Interestingly, almost all of the players found the game meaningful (96% and 83% to
Q2 and Q3 respectively), probably because of the importance of the themes it dealt
with, and they felt they learned something from the experience (88%). Last, 58% of the
players reported the will to inquire (Q5) and then adopt other sustainable behaviors
in the future thanks to the game (Q6). We then ran a linear regression to analyze
whether the expressed playful level could be explained by users’ prior experience with
video games. The results show no correlation between the two variables (Adjusted
R? = —0.07, F1 12 = 0.14,p > 0.05), suggesting that the game is equally perceived
despite users’ experience with video games. To assess whether the meaningfulness
and playfulness of the game, and the perceived learning were conveyed by the amount
of information read, we ran some linear regression between the reading time and the
playfulness value (Q1), the interaction of the items related to meaningfulness (Q2 and
Q3), and the perceived learning (Q4). The results show that no correlation occurred
between the reading time and the expressed game meaningfulness (R? = 0.58, F} 19 =
2.54,p > 0.05), and playfulness (R? = 1.82, F1 15 = 0.301,p > 0.05). The analysis
showed a significant relationship between reading time and perceived learning (R? =

1, F1712 =5.79,p < 0.001).

Item Mean SD Mdn

Q1 3.66 1.05
Q2 437 0.71
Q3 416 0.82
Q4 437 0.82
Q5 358 1.10
Q6 3.75  0.94 4

Table 6.4: Questionnaire mean, standard deviation, and median.

> O s s
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Q6 8% 33% - 58%
Q5 17% 25% - 58%
Q1 12% 25% - 63%
1
100 50 0 50 100
Percentage

Response Strongly disagree ~ Disagree Neither agree nor disagree’ = Agree Bl Strongly agree

Figure 6.5: An overview of the users’ answers to the 5-point Likert-type items (Q1-
Q6) in the questionnaire.

6.2.5.2.2 Quiz score improvement

Among the participants, 18 completed an entire game session and did the post-test
quizzes. To answer RQ E.2, we investigated the difference in scores between the
pre-test and post-test quizzes. The post-test quiz obtained generally higher scores
(M = 4.55; SD = 1.46; Mdn = 5) than pre-test one (M = 3;SD = 1.23; Mdn = 2.5)
(Figure 6.6). At first glance, it was possible to see that only 5 players did not get an im-
provement, of which 4 maintained the same score, and one only had a lower score. We
then analyzed whether these differences in users’ answers before and after the use of the
game were significant. To analyze the distribution of variables and guide us in the choice
of tests to be used, a Shapiro-Wilk test was conducted, indicating that the two distribu-
tions of both variables differed from the normal distribution (Pre: W = 0.79,p = 0.001;
Post: W = 0.83,p = 0.005). Considering this result, we opted for a non-parametric test.
Expecting an improvement due to the use of the game, we then performed a one-tail
Wilcoxon signed-rank test (Woolson, 2007) finding a statistically meaningful disparity
in the results at the in-game eco-sustainability questionnaire before and after playing

the game (V = 11,p < 0.005). To measure the magnitude of this data, effect size
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calculation (r = 0.49), which for the Wilcoxon signed-rank test is based on the formula
r= % (Fritz, Morris, & Richler, 2012), suggested a moderate magnitude of the effect
(Tomczak & Tomeczak, 2014). The post-game results are not explained by the subjects’
prior experience with video games (Adjusted R? = 0.02, Fy 12 = 1.32,p > 0.05) or the
flower reading time (Adjusted R? = 0.76, Fi16 =4.49,p > 0.05).

Quiz & Pre Post

Results

Pre Post
Quiz
Figure 6.6: A boxplot showing the pre-test and post-test scores on the eco-
sustainability quizzes, taken at the beginning and at the end of the game session.
There were 6 questions in each quiz.

6.2.5.2.3 Feedback comments

We were able to extract a substantial amount of comments from the feedback collected
with the final questionnaire, which helped us answer RQ E.3. We conducted a thematic
analysis by coding all feedback manually under macro-themes. We summarize the
comments here, grouped by theme. In Table 4, we provide a detailed breakdown of the
main comments grouped by participants. In Table 6.5, we provide a detailed breakdown
of the main comments grouped by participants.

Theme 1. Repetitive tasks: El1, E2, and E4 mentioned that they would have
liked to have different areas to explore and to find flowers in. This mirrored what

emerged during the usability testing. K7 also mentioned that the positioning of the
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Coded responses Participant IDs

There should be additional areas El, E2, E4
Exploration is not encouraged E7

Text is too verbose E6, E11, E14, E16
Text is too formal E6, E10, E18
There should be a voiceover E3, E13, E16

The font is not very readable E18, E20, E24
The game was a nice experience/fun E6, E11, E19
Being a bee is a nice concept El16

Stinging humans is fun/satisfying E9, E18

Input controls are easy E6

Input controls are difficult E10, E16, E17, E19

Table 6.5: Suggestions from the experimental session, with an indication as to who
provided them.

garden and the humans may be exploited to take shortcuts. Theme 2. Too much
text: in general, many users expressed that they would have liked to read less or sim-
plify the text. E6, E11, E14, and E16 found that the text was too verbose. E6, E10,
and E18 stated that they would have liked less formal language. Theme 3. Voice
over: this theme is largely connected to Theme 2. In particular, players E3, E13,
and E16 suggested employing text-to-speech techniques or voiceovers to decrease the
amount of text to be read, especially for people with dyslexia. Theme 4. Unclear
goals: player E8 stated that they found the stinging context button to be somewhat
difficult to activate or interpret. E9, E14, and E19 asked for more succinct indications
as to what to do with the flower and the fish. E19 suggested to include more visual
cues. Theme 5. Font readability: flowers taught players their facts with a pixelated
font, which was chosen to be reminiscent of old-school video games. In this particular
context, it produced mixed results. Three participants (E18, E20, and E24) had dif-
ficulties reading the font and this made them want to skip the messages (see Figure
6.4). Theme 6. Playing as a bee and stinging is fun: overall, it was considered a
nice experience by E6 and E19. E6 and E11 stated that the game was fun; E16 stated
that they liked the concept of being a bee; E9 and E18 explicitly stated that being
mean to humans made them happy or satisfied. Theme 7. Mastery of controls:
although someone explicitly stated that controls were easy to master (E6) some people

expressed their difficulty in mastering them (E10, E16, E17, and E19).
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Finally, it is worth noting that only 4 players did not report any comments.

6.2.6 Discussion and limitations

We assessed the enjoyability and usefulness of UBG in two phases: a usability test-
ing phase and the main experiment. All in all, the experience reported by users was
positive, although there were some problems in the usability phase. Comments were
particularly useful in the usability testing phase since usability appeared to be subop-
timal according to the SUS. Regarding the main experiment, we observed that there
was indeed an increase in quiz performance, thanks to the knowledge presented in the
game, which is an encouraging finding that contributes to answer RQ E.2. Interest-
ingly, quiz performance is not explained by self-reported experience with video games
according to our analysis. This suggests that potential problems are not likely to have
influenced learning. The level of reported playfulness does not seem to be influenced by
experience with video games. In this respect, in addressing RQ E.1, we can say that
in the end the prototype was quite enjoyable for every participant and the difficulties
with the controls did not invalidate the experience.

Several observations can be made by looking at the feedback collected to answer
RQ E.3.

1. Consider implementing a voiceover: The proposal of removing some text
and/or adding a voiceover was shared by 29% (7) of participants. In general, reading
was fatiguing for players, and adding recorded speech or using text-to-speech techniques
seems like the sweet spot between teaching notions and not overwhelming players,
although we suspect that learning could be influenced by the two different methods.
Speaking of text more in general, our findings mirror those of Ferndndez Galeote,
Legaki, and Hamari (2023), where the authors suggest avoiding too much text and
using instead more visual and impactful feedback.

2. Take into account individual experiences: Four players thought that either
the controls were difficult to master or that they could be improved, while one player
found them easy to master. This underlines the importance of taking into account
not only all the possible peripheral configurations but also all the possible levels of

experience with video games. Choosing the right game genre is key: some games, like
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first-person shooters, for example, require very specific skills such as aiming with the
mouse.

3. Too much freedom may lead to unclear goals: We obtained 24 complete
questionnaires in the face of 18 completed game sessions. This fact is likely to be related
in some way to T4 (Unclear goals), but it could also be influenced by the fact that the
game, albeit giving instructions, leaves players rather free to explore. We therefore
recommend future endeavors in serious games to consider the aspect of directing player
to the goals in the most straightforward and clear way possible. Finally, 5 players
explicitly stated that either the game was a good experience or that controlling a bee
and stinging the humans was fun. This contributes to addressing RQ E.1 and suggests
that being mean to humans can be perceived as satisfactory.

There are several limitations to the present study. The serious game employed is
still in an early version and lacks a number of features that could make the experience
more enjoyable (e.g., a more complex narrative and high-level goals that go beyond the
stinging task alone). Since one of the aims of the study was to assess the educational
potential of the game, the instructions and the mechanics guided players rather strictly
towards reading and responding to quizzes, while it could be turned into a more relaxed
activity in future versions. The second limitation is the limited number of participants
involved in the study. Overall, we collected data from 37 participants, which can be
considered adequate for a preliminary version of the tool. A greater sample could be
recruited or a follow-up knowledge retention test could be introduced to further support
the learning trend observed. It could be argued that telling players about the final quiz
may have encouraged them to read more carefully, thus influencing the final results.
Future directions may include a between-subjects experiment, where the treatment

group does not know about the final quiz.

6.3 Studies conclusion

In this Chapter, I addressed the evaluation of two systems created using GamiDOC in
the design phase following subjective and objective measures. Specifically, to analyze

GaMoVR, we based the analysis on usability, perceived learning, and player experience,
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placing more emphasis on engagement, fun, and motivation, and comparing the results
obtained with another gameful system to support UML learning, namely PapyGame.
Instead, to evaluate UBG, we relied on motivation, playfulness, users’ future behavior,
and perceived and real learning due to the use of the game. In both cases, the games
proved to be effective, producing optimal levels of subjective measures (player expe-
rience, usability, and perceived learning) in GaMoVR, with significantly higher levels
than its counterpart, and obtaining excellent values in the subjective measure in UBG
(motivation, playfulness, users’ future behavior, perceived learning) and in the objec-
tive outcomes, showing a significant post-use learning effect. Overall, the two tools
have proven effective in capturing attention and engaging users, helping users perceive
improved learning compared to traditional solutions, and supporting real learning in
UBG’s case, producing environmental awareness and willingness to enact more sustain-
able behaviors. Nevertheless, the reported analyses have limitations. In the future, it is
crucial to rely more on behavioral data, recruit an adequate sample size following prior
power analysis, use the same standardized questionnaire for all the evaluations, and
compare the developed system with more similar systems or alternatives recognized
as valid in the literature. Additionally, in the future, it will be necessary to develop
a detailed framework to verify the effectiveness by subjective and objective metrics of
the various systems produced with GamiDOC and, consequently, of the effectiveness
of GamiDOC.

In conclusion, the two systems developed using GamiDOC in the design phase
proved effective in keeping users engaged and motivated and providing effective learn-
ing. Thereby, GamiDOC appears to effectively support development teams by allowing
them to keep track of elements crucial to the effectiveness of gameful systems; as a re-
sult, the systems produced have proven effective in promoting learning and behavioral
change. A more exhaustive discussion on GamiDOC effectiveness is presented in Sec-

tion 7.4.
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Chapter 7

Conclusion and future works

This chapter will conclude the thesis by summarizing the key research findings in
relation to the research aims and questions. It will also report the elements for future

research to complete the development of GamiDOC.

This dissertation aims to investigate the challenges in gameful systems design and
present an effective solution in guiding designers throughout the process of creating a
gameful system, namely GamiDOC, from the design to the final evaluation. Results
on the usability and usefulness of GamiDOC indicate that the tool still needs some
improvements; however, the design framework is considered useful during the design
phase and in the selection of system requirements, particularly for individuals new to
gamification design. Moreover, according to users, the whole community could benefit
from the final version of the tool, which will allow for improved gamification reliability.
Real application and systems evaluation indicate that the systems developed using
GamiDOC in the design phase are effective and enjoyable and that the game elements
used are appropriate to the context and purpose. In the next parts, I answer the
research questions I initially defined. In each section, a single research question is

discussed based on the findings described in the previous chapters.
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7.1 RQ 1: What are the elements that interfere with the
design of gameful systems and, subsequently, their

effectiveness?

To answer this question, I first focused on the data reported in Chapter 2. The data
obtained from the two scientometric analyses suggest that documents and authors
are reporting a change in themes and trends in the literature related to the use of
gamification and its design. This is due to an inconsistency in its effectiveness and the
lack of comprehensive and reliable design methods. As a result, more and more studies
are questioning the drawing methodologies used up to that point and emphasizing the
importance of increasing methodological rigor. Specifically, the reference literature in
gamification has shifted from papers related to persuasive systems to critical reviews
and research agendas, suggesting that while there are no comprehensive solutions, there
is agreement on the issues that undermine the effectiveness of these systems.

Building on this data, we analyzed the elements that are reported to interfere
with the design of gameful systems in Chapter 3. According to the literature, the main
challenges in gamification design are composed of (i) users’ interpersonal differences and
preferences, (ii) users and systems goal differences, (iii) game modality, (iv) contextual
differences, (v) technological components, (vi) feedback design, (vii) game elements
selection, (viii) methodological rigor for the tool evaluation, and (ix) which data collect.
Therefore, these elements must be monitored during the design process, but also during
development and evaluation, to obtain a system that is useful and effective, and reliable

data on its use.

7.2 RQ 2: How can we address the challenges in gameful
systems design, and create an effective way to support

designers and developers?

As reported in Chapter 3, numerous strategies and frameworks for design have been

developed in recent years. However, numerous challenges are not adequately addressed
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and, more importantly, no single solution can address them all. To address this re-
search question, we designed GamiDOC, a tool to support the design, development,
and evaluation of gameful systems, which is depicted in Chapter 4. To design it, we
based on the DSRM approach, which allowed us to have a systematic approach during
the creation and maintain a focus on design challenges throughout the journey.

To address the challenges i-vii from the previous section, we first created a gamifi-
cation design framework that focuses on contextual information, users’ preferences and
differences, encouraged behaviors, application domain, technological features, game
modality, feedback design, game rules, game elements, and aesthetics to guide in the
design of gameful systems. Then, to facilitate communication between the various
stages of development, and the various professionals, we implemented the framework
in a tool that would allow a GDD to be produced automatically. To fully support
the team in the whole process, we started working on several supporting features: a
peer-review procedure to assess the design goodness, data collection, and methodolog-
ical rigor (challenges viii, and ix); an evaluation section to guide in the selection of
reliable solution for the evaluation (challenge ix); a code generation feature to facili-
tate the creation of the gamification code and to be able to make an initial check on
the interaction between the game elements (challenge vii); an open-access database to
suggest the best game elements according to the background information (challenge
vii); a design framework list to allow users to use other GamiDOC features without

necessarily use the design framework.

7.3 RQ 3: Does the identified procedure adequately sup-
port the design phase?

To answer this question, I presented three studies and a use-case scenario depicted
in Chapter 5, and Chapter 6. Users reported that the gamification design framework
helps during the design phase; specifically, it helps to take into account certain critical
elements, such as individual differences, purposes, game elements, and type of feedback.
Specifically, the framework’s structure allowed the designers to focus on one element

at a time and understand all the phases and critical points, structuring the workflow.
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As a result, it was easier to understand the weak and strong points of each component.
Interestingly, thanks to the analysis of technological components and the creation of
the GDD, it proved useful in supporting the decision of systems requirements, allowing
the selection of tools, packages, and components suitable for the purpose and users.
Users, both experienced and non-expert, also reported that all the other features can
be considered extremely helpful for the whole process and that the whole community
would benefit from the fully developed tool, suggesting that the direction taken in the
development of our artifact follows a correct path.

In conclusion, the identified design framework provides adequate support during
the design phase. Moreover, the whole procedure implemented in the online tool will

provide support for the rest of the development and evaluation process.

7.4 RQ 4: Does the use of GamiDOC enable the creation

of effective systems?

Assessing the actual effectiveness of GamiDOC (RQ 4) is a relatively complex part.
Utopically, an optimal evaluation should consider differences between several systems
developed using GamiDOC and systems developed using different methodologies. How-
ever, it is hardly possible to consider these options during a 3-year doctorate, mainly
because of the development time and costs of gameful systems. Hence, to address RQ
4, I must rely on the consideration reported in Chapter 5, and the results of the two
systems developed, specifically analyzing subjective (user experience) and objective
(behavioral) measures depicted in Chapter 6.

All in all, results in Chapter 5 show that GamiDOC is useful during the design
phase of gameful systems and serious games. As depicted in the previous section,
through the design framework, developers and designers can face the various concerns
discussed in Chapter 3, producing optimal control of interfering variables during de-
sign and, at the same time, developing a greater awareness of gamification design
challenges. In both systems presented in Chapter 6, GamiDOC was used for the design
phase, enabling communication between the various team members during design and

development. Its use helped, as presented in the previous section, in the selection of
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system requirements, also producing an optimal and rapid transition from the design
phase to the development phase. As a result, both tools were appreciated by users
and achieved the expected results. Specifically, GaMoVR produced excellent results
in terms of subjective outcomes, including usability, player experience (especially mo-
tivation, engagement, and fun), and perceived learning. Moreover, it proved to be a
more popular system than an alternative considered valid in previous analyses. Simi-
larly, UBG proved motivating and playful, but more importantly, it produced learning
related to its use, helping to improve users’ environmental awareness and willingness
to maintain it in the long term. It is therefore possible to hypothesize that, the guid-
ance that GamiDOC provided allowed for optimal consideration of challenges in the
design phase, enabling more attention to be paid to critical elements, such as contex-
tual and technological factors, and fostering the successful outcome of systems, both
in subjective and behavioral data.

In conclusion, in all the studies, GamiDOC proved useful and effective in the design
and system requirements phase. The reported data suggest that GamiDOC can guide
designers through the design and system requirements phases, allowing control over
the various elements of the design phase, that the systems created are effective and
enjoyable, and that the game elements chosen are appropriate to the context and
purpose. Nevertheless, to answer this question more thoroughly, it is imperative to
undertake the design and development of additional systems utilizing GamiDOC in
the future and make further evaluations, comparing the outcomes (in terms of player
experience and behavioral data) of systems created with it against those designed with

different methods.

7.5 Future work

The work presented in this thesis has limitations that can be addressed with specific
strategies in the future.

Scientometric analyses. The scientometric analyses, depicted in Chapter 2, present
a detailed structure of the literature on gamification applied to behavior change and

the design of gameful systems. However, although the results obtained are indicative
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of the literature and in line with other sources, the results shown are affected by a lack
of manual selection of articles through the screening and snowballing procedure. In the
future, to have more specific supporting data, it is essential to use these procedures.
Challenges. The challenges of gameful systems design, presented in Chapter 3, are the
result of the analysis of specific challenges identified in the literature by several authors
(Koivisto & Hamari, 2019a; Mora et al., 2017; Seaborn & Fels, 2015). Although the
analysis presented can be considered relatively exhaustive, the data is not derived from
a systematic procedure. In the future, a systematic analysis of the challenges and a
more exhaustive presentation of design frameworks and open challenges could provide
a more detailed overview and be more useful for experts in the field.

GamiDOC evaluation. GamiDOC evaluation, depicted in Chapter 5, reports an
evaluation of the possible features of GamiDOC and the usefulness of the design frame-
work. However, the studies only analyze the concept behind the tool and not a practical
test of its use. Furthermore, the sample sizes used for the evaluations are inadequate to
allow high reliability. In the future, it is essential to evaluate the features at the end of
the development phase, so that users can actually use the complete tool. Furthermore,
it would be optimal to evaluate the use of the framework during the design of real
gameful systems, using standardized procedures that allow for greater reliability and
generalization.

Systems evaluation. To evaluate the effectiveness of GamiDOC, two systems are
presented in Chapter 6. As also presented in the previous sections, the methodology
for evaluating systems created with GamiDOC has limitations. In the future, during
the analysis phase, it would be necessary to collect information on the usefulness of
GamiDOC for the design and development of these systems by analyzing the responses
of several team members and using a more structured methodology, including stan-
dardized questionnaires, structured interviews, and so forth. Moreover, it is necessary
to develop a standardized analysis methodology for each system produced with Gami-
DOC, based on subjective and objective data, and to evaluate the same participants
even after a follow-up. In addition, it will be necessary to have further systems de-
veloped using GamiDOC and to use more comparisons with similar systems developed

with other methodologies, along with a more reliable sample size.
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Our journey to develop GamiDOC has yielded valuable insights. Nevertheless,
specific components remain incompletely developed and require further attention to
ensure the ongoing enhancement of the tool and its applicability within the gamification

design domain (Table 4.1).

Gamification Design Framework. The design framework was developed and im-
plemented in the online tool, and its applications have reported good results. However,
the section related to feedback design needs to be updated and we need to report a
reliable categorization for the different target users since it is currently a field related
to age and employment. Moreover, some usability issues (listed in Chapter 5) need to
be resolved, including the addition of further examples. Last, more explicit guidance
for designing ethical gamification systems must be included within the framework.
Gamification Design Document. The creation of a GDD is possible from the com-
pilation of the framework. However, the final layout of the document still needs some
improvement.

Gameful System Design Peer-review. The login component and the possibility to
submit the final design of gameful systems as an attachment with evaluative methods
exists in the back end. However, we still need to resolve some ethical constraints before
the feature can be released into the tool.

Introducing a Tool Board. The implementation of a tool board on the GamiDOC
homepage that provides users with an interactive platform for viewing approved gam-
ification design documents exists in the back end. However, we still need to fix the
login feature and submission procedure before proceeding with this.

Code Creation. Incorporating a code generation feature is essential for the success
of GamiDOC. While users can define new game elements and mechanics, the common
usage involves the instantiation of pre-existing elements and mechanics within game
definitions. Currently, code creation from rule definition exists through an external
tool called DSL4GaR. However, DSL4GaR needs some refinements, and it is necessary
to finalize the user interface that acts as a conduit between GamiGOC and DSL4GaR.
User Experience Analysis Component. Incorporating a guideline for the tool’s
evaluation is crucial to provide reliable analysis methodologies and for the assessment

of the final systems. Currently, we finished the design phase of the component. How-
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ever, we need to evaluate the prototype, and then continue with the development.
Open-Access Database. The open-access database plays a pivotal role in the gam-
ification design model, helping identify key factors for enhancing the effectiveness of
gameful systems. We are working on a semi-systematic literature review to gather data
for the database, which will be implemented in GamiDOC. It will be dynamic, allowing
for the addition of new data from ongoing analyses and experiments. The database
will offer a separate page within GamiDOC, serving as a valuable resource for users.
Gamification Design Frameworks List. The list of gamification design frameworks
and strategies has a dual function: first, it functions as a perpetual literature review,
and second, it allows users to select a design framework appropriate to their needs. We
are working on a systematic literature review to gather data for the list, which will be
implemented in GamiDOC.

In conclusion, GamiDOC aspires to establish itself as a prominent reference in the
field of gamification design. Through the provision of a diverse array of features and a
standardized framework, GamiDOC holds the potential to cultivate a more cohesive and
knowledgeable community, providing shared reference points for gamification design.
To reach this aim, each feature needs to be assessed in real applications, and more
gameful systems and serious games should be developed using GamiDOC in the design

phase, and then properly evaluated.
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