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Abstract. Our first-semester HCI course for CS bachelor students at TU Wien
discusses different perspectives on understanding and solving problems in CS.
Many students do not see the relevance of these topics in regard to their studies
in contrast to the perceived “hard skill” courses such as programming or
mathematics. Designing game-based learning methods, we aspire to spawn
interest and motivation in our students to engage with these topics that are
central to technology design and ideally informed by HCI paradigms. Tapping
into our master-level course on gameful design, we tasked students to create
games for the first-year HCI course. We conclude that our approach was
successful, with the first-year students appreciating the games. In this paper, we
describe this design/learning pipeline and our results, concentrating on
opportunities to enhance this process, theorise on how to shift more focus on
the learning in our game-based learning approach, and reflect on what worked
well and possible obstacles in this type of design research.
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1 Introduction

As educators, we are continuously looking for new avenues and ways to enhance our
teaching portfolio and create better and more applicable teaching methods to offer our
students the best possible learning experiences. With the recent rise of generative Al,
we are facing yet another challenge, as many previously well-established teaching
methods became easily circumventable by students to the point of being useless as
learning and teaching tools.

Throughout our long-term research into HCI (Human Computer Interaction)[1, 2],
STEAM (science, technology, engineering, the arts, and mathematics) [3] and game
design [4] education, our main goal was to create teaching and learning settings that
motivated students to engage with the content of our lectures in a self-directed and
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self-controlled manner. With our self-designed as well as adapted teaching tools [5],
we generally focus more on creating prolonged interest for the topics of our lectures
in our students than to find ways to test their current knowledge in the course subjects.
We deem this prolonged interest as especially important, since the subject is often not
recognised as core skill by our first year students. However, it impacts their
understanding, critical reflection and decision making when using, analysing, or
creating technology.

The efficacy of learning using a game-based approach has long been established [6,
7, 8]. Such approaches are not only fruitful for conveying content and supporting
learners, but also for creating a motivating setting to engage and interact with various
learning contents. Additionally, such game-based learning methods in combination
with asking students to critically reflect on their experiences while playing, seem to be
rather robust against the misuse of generative Al tools in educational contexts.
Wanting to use these game-based approaches in the context of an introductory HCI
course, however, made us face the major challenge to identify games that dealt with
the particular topics of the course in a focussed and intended manner. After a lengthy
investigation into existing commercial games as well as games for learning, we saw
the necessity of designing our own games to better fit our needs.

From a design perspective, our initial response was to ask “How can we design
and set-up an effective process to create games that enhance the students’ acceptance
of and motivation for the course topics and additionally facilitate learning?”. To
guide us in answering this question, we formulated the following research questions..

Research Question 1: “How to structure and organise a course where students
create games to impact learning of their academically younger peers?”

Research Question 2: “How do we bridge the time and experience gap between
Master and Bachelor students?”

Research Question 3: “How can resulting games represent and abstract the
lecture’s content while highlighting gameful learning experiences with graspable
take-aways?”

Research Question 4: “How are the games perceived as contributing to the
students’ learning?”

Research Question 5: “How do students perceive the game-based learning exercise
as part of a university lecture?”

To address this challenge, we created what we called a pipeline from game creation
to game play between two courses. The pipeline started at reorganising a serious
game design course with the goal to create learning games. In this course, students
were tasked with creating analogue (learning) games for first-year HCI students
around the topics of our particular HCI course. Then these games were professionally
produced and used within the context of said HCI course.

Both courses as well as the overall setup of said pipeline are described in Section
2. After a brief overview over the state of the art in Section 3, we will illustrate the
methodology for data collection and analysis to evaluate this approach in Section 4.

262



Interaction Design and Architecture(s) Journal - IxXD&A, N.68, 2026, pp. 261 - 298
DOI: 10.55612/s-5002-068-009

Section 5 discusses our results: first the methodological teaching results, followed by
the practical results and outcomes from the game design course, and an exhaustive
qualitative and quantitative evaluation of using the created games with students in
Ways of Thinking in Informatics. We close with a discussion of our results in Section
6, and conclusions in Section 7.

2  Context

This section describes what we call the pipeline between two university courses,
where the necessities of Ways of Thinking in Informatics serve as the assignment for
Gameful Design, while the output of Gameful Design enriches the learning experience
of Ways of Thinking in Informatics.

2.1 Ways of Thinking in Informatics

The Computer Science (CS) bachelor program at TU Wien includes a first-semester
mandatory HCI course called Ways of Thinking in Informatics [9]. The course is best
described as a tour guide through the various ways researchers and practitioners in CS
find and solve problems. It was designed following the examples discussed in “The
first five computer science principles pilots: summary and comparisons” [10]. Each of
the five CS introductory courses presented in this paper is based on an interpretation
of the Seven Big Ideas of Computer Science put forward by Snyder et al. in 2010 in an
open letter to the CS community (http://csprinciples.cs.washington.edu/thecase.html).
The Ways of Thinking in Informatics course is based on the same concepts and ideas,
designed on the basis of the interdisciplinary view on CS that we have been
harbouring at TU Wien since the late 1980s.

Ways of Thinking in Informatics is set up in a format where each chapter of the
course discusses one way of thinking about CS, eg. scientific thinking, computational
thinking, design thinking, responsible thinking or creative thinking. This creates an
opportunity to expound on the interdisciplinary nature of CS in a constructive way,
making it a truly STEAM-driven course.

Considering the gap between the expectations of a student population largely
driven by classical engineering curiosity and our more philosophical approach to
engineering topics, we are continuously experimenting with new forms of teaching
and learning in order to make the course more attractive for our students.
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2.2 Gameful Design

Gameful Design is a course on serious game design. The course is a an elective
subject for the Media and Human-Centred Computing at TU Wien. The intent of the
course is to get students to reflect and understand game design methods and game
elements to solve real-world problems.

After gaining a theoretical background, students move on to use their newly gained
theoretical knowledge in practice. In previous iterations of the course, we worked
with real-life applications outside of university as well as with running scientific
projects [11]. In this iteration we switched the focus to games for education, which
required stepping away from established course designs to better integrate this new
challenge. We tried to establishing an interdisciplinary educational studies
background along with better understanding concepts like motivation, retention and
critical reflection, as well as didactic concepts like Bloom’s taxonomy [12]. The
course was organised as a mixture of expert inputs and game design workshops.

2.3 The Pipeline

In the search for a symbiosis between our goals for these two courses, we created a
pipeline that students in both courses could profit from. The main element of this
pipeline is an exercise format in Ways of Thinking in Informatics we created that
asked students (in the following referred to as HCI students) to play at least two
games in a two-hour play session for one selected chapter from the course.

We organised four game events where interested students could meet and play the
analogue games (board & card games) together. For each of these events we reserved
multiple adjacent rooms. At each events up to four people from the teaching team
were present. We handed out games to randomly assembled groups of students who
had resolved to play games on the same topic. These could then find a table in one of
the reserved rooms and use their two hour slot to play games. If there were problems
with a game’s instructions, the students could directly approach us for help. Other
than these interactions, we tried to leave them on their own to experience the games
[13].

After playing, students were instructed to fill out a survey for each game they
played, as well as a survey on their overall experience. They also had to write a short
reflection on their learnings from the activity.

Before such games geared at our exact content could be played in Ways of Thinking
in Informatics, they had to be designed and produced. For this, students from Gameful
Design (in the following referred to as GD students) were tasked with the creation of
games that further or foster the understanding of individual chapters from the Ways of
Thinking in Informatics. We required that the games should be analogue games, ie.
board games or card games, mainly for longevity reasons, as digital applications and
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browser games need constant maintenance and updates. Five of these games were
deemed as good enough to be included for the second phase of the pipeline. These
games then became part of the pool of games offered to the HCI students.

Finally, the HCI students could choose from a list of 12 analogue and 51 digital
games, see appendix. The analogue games included the five games designed in
Gameful Design the previous semester, two games created by the lecture team and/or
colleagues, two games from other research groups and three games created by
independent developers. Of the digital games, five had previously been created as part
of the research and development project elnformatics@Austria, funded by the
,Digitale und soziale Transformation in der Hochschulbildung* development scheme
of BMBWF, with the goal to help students train computational thinking skills. The
rest of the games were selected opportunistically based on the following criteria:
content fitting one or more of the topics discussed in Ways of Thinking in Informatics,
currently available and playable; if possible, browser game and free to play. Only
students who ended up playing games created by GD students are the focus of the
research we are presenting here.

3 State of the art

The method of game-based learning (GBL) has found application in various
educational contexts [6, 14, 15]. Advantageous characteristics commonly ascribed to
games used in education are: games provide motivation for learning, games engage
players through different features and situated contexts, games can adapt learning
content to learners, and games allows for “graceful failure” in an otherwise more
stressful learning setting [15, 16]. As identified in Vlachopoulos and Makri’s
systematic literature review of games and simulations in higher education [6], games
used in educational contexts can lead to three main areas of learning outcomes:
Cognitive area (e.g., knowledge acquisition, perceptual skills), behavioural area (e.g.,
social skills), and affective area (e.g., motivation and engagement).

However, simply using games in an educational context does not guarantee success
[17]. Westera [18] disputed popular positive claims about GBL, cautioning against
relying on the belief that using games would automatically increase students’
motivation, highlighting that educational games should offer the right amount of
challenge instead of focusing purely on being engaging. Additionally, Games used in
GBL often focus on reviewing and reinforcing learning content, and at the same time
are found to be lacking a grounding in instructional theory and game design theory
[14, 19, 20]. Furthermore, Nadolny et al. [20] emphasised that researching games for
GBL calls for reporting not only on the games themselves, but also on their design.

In order to go beyond merely incorporating gamification elements to teaching,
Plass et al. [16] emphasised the significance of integrating different perspectives -
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cognitive, motivational, affective and sociocultural - into game design, advocating for
playful learning principles in game design. This proposal aligns with Robertson’s idea
of underlining the distinction between pointsification and gamification: while
pointsification is adding elements related to games, such as a point system, to existing
systems, gamification should be “the conversion of existing systems into functioning
games” [21]. A meta-analytic review by Gui et al. [22] further supports this notion of
using appropriate game elements in the process of game-based learning, in order to
enhance learning effects.

3.1 Game-based Learning in STEAM education

Games, gamification and game-based learning are found in emerging technologies in
STEAM education across different age groups, as analysed in the systematic review
by Leavy et al. [23]. Kim and Bastani [24] tasked middle school students with
designing games on topics from their own studies, arguing for game design practices
as facilitators for a transdisciplinary approach to STEAM education; Karageorgiou et
al. [25] utilised the design process of an escape room game to combine various
subjects in STEAM into an exciting learning environment; Wichaidit and Wichaidit
[26] combined game-based learning with explicit analogy comparison in teaching
bioaccumulation and biomagnification.

Subhash and Cudney [15] found in their review of “gamified learning” in higher
education that a majority of GBL in higher education studies were conducted in the
field of computing. Battistella and Wangenheim [19] conducted a systematic review
of games in this field, revealing a wide use of both digital and analogue games for
teaching various aspects of computing, from software engineering to network
concepts. Johnson et al. [27] analysed digital games created for CS education with a
focus on game development and the games’ impact on various educational outcomes,
including cognitive development, motivational effects, transversal competences and
behaviour change. Neither Battistella and Wangenheim [19] nor Johnson et al. [27]
include many games in the sphere of HCI specifically. In Videnovik et al.’s review of
articles published between 2017 and 2021 on the topic of game-based learning in CS
[28], HCI is not mentioned as a category of CS topics. This demonstrates the apparent
focus on technical and algorithmic aspects of games in CS education.

3.2 Game-based Learning in other educational contexts

Beyond CS education, games have been used to engage students in learning about
different perspectives and topics. Projects like Melcer et al.’s interactive story,
teaching responsible conduct of research [29], and lakovidis et al.’s AR game to
empower responsible data practices and data ethics [30], highlight the role of games
in developing skills in understanding responsible actions. Castronova and Knowles
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[31] demonstrated how to modify existing board games into serious games with their
example being on educating about climate policy, and made a compelling argument
for using board games to teach complex systems. Relevant to fostering critical
thinking skills are specific projects like Gressick and Langston’s card game aimed at
improving critical thinking in classrooms [32], and Pomichal and Trnka’s initiative
using a card game to develop critical thinking to recognise fake news [33].

In addition to utilising games in teaching by incorporating existing games or
creating new games for the specific purposes, educators have integrated game design
itself into their curricula as well. Svabensky et al. [34] used the design process of
serious games as a method to teach CS students cybersecurity, specifically by utilising
adversarial thinking, and saw positive results and feedback from students.

Furthermore, the activity of designing games is used in educational contexts. Kuo
et al. [8] present a tri-phase model of game-based learning, where high school
students first received training in both civic competencies and board game design,
then applied their previously earned knowledge while designing board games, and
finally played other students’ games to strengthen the knowledge. Bulut et al. [35]
examined the impact of engaging in game design activities had on 5th and 6th grade
students’ creativity. In Videnovik et al.’s review of game-based learning projects in
CS [28], the overwhelming majority of games were already existing or designed by
the authors of the respective papers. However, among projects in which students
learned by designing and creating games, only knowledge about and skills in
programming were described as learning outcomes.

3.3 Analogue Games in Game-based Learning

Compared to digital games, analogue games are underutilised in GBL, despite their
historical presence in education [20, 36]. In Sousa et al.'s systematic literature review
of analogue GBL approaches [37], 45 studies from 2012 to 2022 were assessed. 23 of
the games were about social sciences, 8 were Informatics-related. 24 of the reviewed
studies were in a higher education context. Characteristics specific to analogue games
that were positively mentioned include the social, flexible and inexpensive nature of
the games and their settings, as well as the comparably lower barriers students had in
engaging with the games. The authors pointed out the positive impact in analogue
games to promote communication and collaboration skills. In [38], the relation
between psychological processes and learning through analogue games is discussed,
suggesting that analogue games , with their tangible attributes, possess inherent
motivational mechanisms for educational purposes.

In Maratou et al.’s [36] review of studies on analogue games used in higher
education GBL, the authors identified areas in which the reviewed studies were
lacking: quantitative analysis of post-game assessment; mapping of learning outcome;
and inclusivity measures within the game. Additionally, the authors conducted expert
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interviews, which highlighted the strength of analogue games in teaching social skills
and developing creativity.

In summary, game-based learning in higher education, STEAM education, and
specifically in CS education is not an entirely new field, and efforts to utilise games as
teaching tools for various perspectives and skills have been made. However, there
remains a notable gap in the use of analogue games for teaching different perspectives
on CS beyond the technical or algorithmical aspects. Our approach aims to tie these
different perspectives on CS together, equipping university students with a tool box of
diverse thinking skills in order to confidently approach the field. This proposed
pipeline is unique in the field of game-based learning approaches as well as in CS
education. Additionally, we incorporate evaluation methods that can provide
meaningful insight into the impact of our approach of game-based learning on
students, investigating the potential of analogue games as effective educational tools
in HCI education.

4 Methodology

This work presents a mixture of qualitative and quantitative data collected in the
summer semester and winter semester 2023 as parts of work that two different cohorts
of students needed to complete in two courses.

4.1 Data Collection

The data was collected during the making and playing of games created by 14 master
level students and 8 bachelor level students in the summer semester of 2023. They
worked together in mixed teams to create seven games, five of which were selected
for the HCI course and subsequently analysed.

Data about the HCI students’ experiences with the games was collected in the
winter semester 2023 in Ways of Thinking in Informatics. Each of the 514 HCI
students had to play at least two games in a two-hour time slot. To get graded, each
HCT student had to fill out one basic survey with personal data, one survey per game
played and one in-depth textual reflection of their take-aways. Of the 514 HCI
students who handed in the game exercise, 289 chose to participate in a games event
where we had the GD students’ games on offer, and 193 played at least one of the
games designed by the GD students.
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4.2 Analysis

While HCI students had to hand in their exercises in an identifiable manner, the
identifying information was removed prior to the analysis. Additionally, the analysis
was conducted by researchers who were not directly involved in grading, so the
identities of the authors could not be recalled from memory.

Quantitative data was collected from two separate surveys. An overview survey
asked questions regarding the format of the exercise and some demographic data, the
second survey asked about the experience and rating of individual games that were
played. In order to be able to correlate between these two surveys, identifying
personal information was used to calculate a hash value that allowed to collate data
across different surveys, but not to identify the participants. The quantitative
evaluation results were created from these surveys.

For some aspects of the quantitative evaluation, the hierarchical framework
developed by Bloom [12] was used. Based on the six cognitive domains
remembering, understanding, applying, analysing, evaluating and creating, the
taxonomy provides a structured approach in the design of learning objects and the
assessment of learning success.

Qualitative data was compiled by analysing the HCI students’ in-depth textual
reflections. This analysis was done in a two-level process: We explored the data by
reading each reflection and reducing it by identifying relevant quotes only about the
GD students’ games, which we could learn from. This pre-selection of data was
needed for two reasons. Firstly, as mentioned above, HCI students could choose to
play other games, thus not all feedback in their reflections was relevant for this
analysis as it pertained to these other games. Secondly, since filling out the survey
was a mandatory exercise for a large number of HCI students, not all of these
exercises were done with sufficient quality to provide relevant information.
Consequently, we excluded monosyllable and simplistic answers such as “Yes”, “No”
or “I liked the games.”, since these did not add much learning for our games. While
this pre-selection of data potentially introduces a bias - HCI students with a negative
experience might also be less likely to put effort into finishing the exercise - it was
also necessary to effectively learn something from the qualitative data. Additionally,
as these particular quotes were not used to quantifiably analyse the survey data, it is
not a bias that would lead to different outcomes in the perception of the game. Rather,
we might be missing out on helpful but more critical feedback to advance the process
and games’ design, that was just not elaborated on due to unknown reasons.

After the selection process, 303 relevant quotes were analysed using Thematic
Analysis as outlined by Braun and Clarke [39]. The result of this analysis is presented
in Section 5.5.
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Fig. 1. Structure of the GD course. To the left is the overall concept, adapted from Paul Laseau’s
model of design. To the right is a more detailed description of different phases of the course, along
with the solo and group exercises students had to hand in.
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5 Results

This section outlines the results of our work. It is divided into (1) methodological
teaching results which can be used for STEAM and HCI teaching in university
courses, (2) practical results and outcomes from the game design course and (3)
evaluations of using said games with students in the HCI course. Each subsection is
organised to deal with one of the previously stated research questions.
Methodological teaching results are in part the practical syllabus and structure of
the design course, which can be re-used in other design based courses. Additionally,
we outlined a mixed level approach of teaching in Section 5.2 about the teaching
tools. This is not directly geared at design courses exclusively, but discusses the
advantages of different perspectives of students in different stages of their studies,
when it comes to working with them on study relevant topics within a formal course
setting. Practical results are the games that were designed within the serious game
design course. Finally, we present quantitative and qualitative evaluations based on
experiences of the HCI students who played the games as part of their course work.

5.1 Syllabus and structure

Gameful Design is a course that has been in the curriculum for many years
comprising 150h of work within one semester. A previous version of the course has
been disseminated in [11]. As these previous iterations did not fully fulfil our
expressed goals to create game-based learning opportunities within another course,
we had to redesign syllabus as well as the structure of the course. This was
undertaken, keeping in mind our goals stated in RQ1, namely providing a framework
in which students could create games for academically younger peers.

To do so, we followed a long-established structure that can be characterised as
inspiration > tinkering > prototyping & testing > finishing. It is based on an
understanding of the design process following Paul Laseau’s model of design as
elaboration and reduction [40]. Figure 1 illustrates this sequence in more deta

Inspiration. In the inspiration phase, we aim to build a shared understanding of
topics such as “What is a game?”, or “How can games be used for teaching?”. After
creating a shared theoretical basis for game design, we invited a group of game design
experts to hold short lightening talks, explaining the context of the lecture to them,
but leaving the content of these talks mostly up to the experts. These talks were meant
to give students a glimpse into the game designer’s work life, understanding the
issues they were dealing with and getting inspired by topics they were working on.
We also curated a list of additional theoretical and practical resources and games the
students could engage in, between the lectures.
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Tinkering. The next phase opened up and elaborated on the design space. Students
had to interact with the games’ intended content - the ways of thinking - and put their
acquired knowledge about game design into practice. Towards this goal, we selected a
number of shorter solo and team exercises. For example, in a solo exercise, students
had to develop three game ideas within a very short time period of 10 minutes and
present them within one minute, inspired by the talk “21 Games” by Holly Gramazio
[41]. In another team exercise, students were handed out verb cards from the “Grow a
game” card deck [42] designed by Mary Flanagan, Zara Downs, Jay Bachhuber and
had to develop a game based on their preferred way of thinking in connection to said
verb.

We placed a high value on the group finding process. On the one hand, we wanted
to ensure that the groups were comprised as a mixture of Bachelor and Master
students to give each team the advantage of this mixed-level approach. Distributing
Bachelor students to different teams also ensured that we could more easily find
distinct topics for them to write their theses on. On the other hand, knowing that these
teams would need to spend a considerate amount of time working together on their
projects, we wanted to provide the best possible starting position for the teams,
arguing that the results might be of higher quality coming from students who work
together well. The team exercise described in the previous paragraph was, for
example, not only used as game design training, but also as a team finding exercise to
gauge the potential team dynamics.

Prototyping & Testing. Coming from the tinkering phase, in which the main point
was to widen and elaborate on the possible idea space, we moved to the prototyping
and testing phase, thus reducing the possibilities to one well-designed game system.
Teams of students were led through three iterations of playable game prototypes. To
test these prototypes, we had play-testing sessions: each prototype would be played
by a subset of students in the middle of the lecture room. The other students and
instructors would stand in a circle around the players, observing and taking notes.
After a short play session, we conducted a feedback session. First the students who
had just played would convey their hands-on experiences, then the other students who
had observed the play sessions from the outside shared their insights and observations
and finally the instructors gave some inputs. For the session on play-testing the
second prototype that focussed on learning objectives, we also invited an expert with
a serious game design background to give additional input. In each play-testing
session, each game only got a total of 20 minutes due to overall time constraints. In
addition to extended exercises described in the next paragraph, students were asked to
also improve their prototypes based on the feedback they received in these play-
testing sessions.

For the first round, GD students had the very general task to create a playable game
prototype that dealt with their chosen way of thinking in a gameful fashion. In the
second prototype, they had to concentrate on better fleshing out the learning outcome.
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Towards this goal, we asked them to first analyse their first prototype based on the
“Serious Game Design Assessment Framework” proposed by Mitgutsch and Alvarado
[43] and then build upon their learnings to redesign the prototype to better meet their
games’ purpose. For the last prototype, students were instructed to concentrate on
playability and balancing of their games. They had to test their games with real life
audiences, observe and take notes to better understand how the games were received,
what worked well and what they still had to work on.

Finishing. Having developed their games over these three prototypes, the last step
was to create a finished version of the games. This included a comprehensive
description and rule set of their game; a collection of all material necessary to recreate
the games, including, if applicable, game boards, card designs, 3d-printable objects,
laser cutter files, as well as cover art; and a design documentation, outlining their
design journey, their design decisions, why they chose to include or ignore which
feedback and why they decided to take their game one way or another.

The inclusion of bachelor-level students as well as master-level students in one
course imposed additional organisational challenges regarding the finishing phase as
the requirements for these two groups of GD students were quite different. While for
master students, the final hand-in was a documentation and reflection on their work,
for bachelor students this had to be written in the form of their bachelor thesis, setting
much higher requirements for the more junior students. Also, we had to make sure
that bachelor students found individually distinct topics for their theses to write about.

To conclude and celebrate the work that was put into the creation of these games,
we finished the semester with a semi-public gaming event, held in a larger seminar
room at the university. Each team first presented their game and explained its
intentions. All students of the GD course participated and were asked to bring friends
and family to play and enjoy the created games in their full length. We also invited the
experts that had participated in the inspiration phase of the course. The final event
was also documented and published as a short film [44].

5.2 Teaching tools

Some but not all of our Master students have previously completed the Ways of
Thinking in Informatics. However, since Ways of Thinking in Informatics takes place
in the first semester of their studies, most have been long removed from the content as
well as the overall experience of being a first semester student. As stated in RQ2, we
searched for ways to bridge this time gap as well as experience gap, by establishing
an inter-generational teaching tool.

We established a mode for the Gameful Design course where bachelor students and
master students collaborated on developing game prototypes, and found that this
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mode yielded intensely fruitful outcomes. This mode enabled GD students from the
two distinct group to leverage their individual strength in the team.

The bachelor students had a better recollection of the lecture content, which gave
them a keen understanding of the needs and challenges faced by first-semester HCI
students. This proximity enabled them to empathise with novice students who visited
the Ways of Thinking in Informatics course in their first year at university. This helped
to ensure that the game prototypes addressed their particular educational needs.

The master students from Media and Human-Centred Computing brought a
broader and more nuanced perspective to the table. The Media and Human-Centred
Computing has an emphasis in human-centred computing. As such, students from this
program have greater confidence in and understanding of HCI topics than students
from other master programs. Their expertise in the area was invaluable to creating
engaging as well as thematically accurate games. While all of these students chose the
same Master program, we still avoided a very biased few on the curriculum of TU
Wien and CS as a whole, since the students’ Bachelor backgrounds encompassed a
wider range of topics and study programs.

Thus, these Master students could rely on an higher-level academic comprehension
and were able to reframe the lecture contents from their advanced understanding of
the discipline, especially how it intersected and resonated with other courses within
their respective curriculum. Armed with such a holistic viewpoint, they were able to
discern which elements of the Ways of Thinking in Informatics curriculum were most
pertinent and valuable for integration into the game prototypes.

In teams, the bachelor student’s closer familiarity with the lecture content, and the
master student’s comprehensive view of curricular interconnections, combined in a
way that enriched the learning experience of all participants. Moreover, this approach
yielded tangible educational assets that resonated well with the immediate needs of
first semester HCI students as well as with higher-level concerns of interconnectivity
and integration.

5.3 Games

The Gameful Design course resulted in 7 game prototypes created by GD students.
Each of these games dealt with one chapter, or perspective, from the Ways of Thinking
in Informatics course. Since GD students were free to choose which topic to engage
in, not every chapter was represented in a prototype. Students designed two games for
both Responsible Thinking and Criminal Thinking, and one each for Policy, Critical
and Creative Thinking.

In the following section we give more detailed information about each of the seven
games as exemplary answers to RQ3. For each game, we first describe its connection
with the chosen way of thinking in CS; then we touch on how the game is played; and
finally discuss how the learning goal is included in the game mechanics according to
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the game designers. The actual takeaways as experienced by the HCI students will
become more apparent in Sections 5.4. and 5.5, showing that some goals have been
met and exceeded, while others did not become that apparent to the players. The
asterisk (*) behind the game’s name indicates that the game had been chosen to be
played by HCI students. Please note that some of the descriptions are paraphrased
from the final documentation handed in by the GD students.

The Policy maker*. The game deals with the topic of Policy Thinking by creating a
setting in which players are dealing with the dynamics between policy makers and
investors. The policy maker has their unique goals and ambitions and investors pursue
their own interests while working within the political frame that is shaped by the
policy maker.

The game reflects real life aspects of market economy and regulation by creating
an interplay of individual interests and the public good. Each investor’s goal is to
form a monopoly while the others and the policy maker try to keep them from it. The
policy maker also pursues their own secret goal. The game shows that, while the
policy maker is more powerful and their decisions impact all investors, they make
moves at a slower pace. The investors on the other hand try to reach their goals and
are directly affected by policies that give them a disadvantage or an advantage.

To make the game feel coherent and addressing the topic of Policy Thinking, the
students also framed the game mechanics in a way that relates to what exists in the
real world, such as “public initiative”, “market manipulation” and “wealth tax”, and
the policy action of “holiday break™ that disables the policy maker from making
moves even if it might be highly necessary at the moment. Players are meant to learn
cause and effect by experiencing these through gameplay.

This game was created by Shuyin Zheng and Victoria Fischer and won the first
price in the student category of the International Educational Games Competition
2024 [45]. It was also analysed in the publication [46].

TaleCrafters®. The game introduces Creative Thinking as a tool to think outside the
box to create new and unique stories. The students argued for this gameful approach
by pointing out that creative thinking cultivates adaptability and resilience, promotes
personal growth and self-expression, fuels innovation and improves communication
and collaboration skills.

The game aims at creating a collaborative story. For each round, one player is the
narrator and chooses constraints from two of five different card decks, offering
characters, settings, plot-twists, objects or moods that have to be incorporated into the
next story beat. All other players provide short story beats which they have to write
within a limited time-span. The narrator then reads them out loud and chooses their
favourite one to continue the story arc. The author of said story beat is the narrator in
the next round.
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The interplay of the very structured, round-based and timed game framework with
predefined constraints on the one hand and the creative, open-ended, collaborative
story telling activity on the other, lets players experience the creative process.
Creativity, especially in technology related studies, is often seen as an aloof activity
only practiced by “creative” people. This hands-on, game-based approach on
interacting with Creative Thinking is a promising way to focus on the craft necessary
for creativity rather than over-thinking or underestimating one’s own capabilities in
this area.

This game was created by Maximilian Kemmer, Li Felix Kerry and Mareike
Richter.

Morality lab*. The game deals with the topic of Responsible Thinking by
encouraging the players to think critically and question various use cases of different
(future) technologies and their impact on society. The game designers took particular
care to refrain from dictating certain ways of thinking but to create a safe space to
discover what is ethical or immoral in the players own eyes.

Morality Lab is a cooperative game. Each round consists of all players except the
“judge” drawing a number card from 1 to 10. The judge reads a scenario card out
loud. Each scenario includes a scale for possible answers, indicated by “from...to...".
The other players then have to come up with an answer that matches their drawn
card’s number and present it to the judge. Finally, the judge tries to guess the order of
the answers provided, starting with the smallest and ending with the highest number.
For example, if the scale goes “from ethical to unethical”, the smallest number would
be the most ethical answer, the highest number the most unethical answer. If the judge
guesses the order correctly, the round is won, otherwise the team loses the round. In
order to win the game, the players need to create a collective understanding of what is
ethical, responsible and so on, since the only way to successfully finish the game is to
do so together.

The game supports players in questioning their own stances regarding (scientific)
ethics and morality. Facilitated by the game mechanics, players can take on different
points of views that might not align with their personal values and gain experiences
on how to express themselves in a way that makes their perspective apparent to
others. Additionally, the game can start conversations about what is considered good/
bad, ethical/unethical, useful, responsible/irresponsible and so on, as players might
not agree on these topics.

This game was created by Julia Hahnl, Geeske Kemper, Alina Maliha Pranzl and
Theresa Reiterer.

Lose the fallacies*. The card game approaches the topic of Critical Thinking by
making players reflect on logical fallacies they might encounter in discussions and
exchanges. Players learn what logical fallacies are, how to identify them and, ideally,
how to avoid them. Each logical fallacy is provided as a card, including the name of
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the fallacy along with a description of what the fallacy is and an example of how it
could be used in a discussion.

All players get an equivalent deck of 7-9 logical fallacy cards chosen from the
existing card pool of 25 fallacies. A “provocateur” receives a random topic and
formulates an argument agreeing or disagreeing with said topic. A “defender” secretly
chooses one of the fallacies from their deck and formulates a counter-argument,
including the fallacy in their argument. All other players can try to guess which
logical fallacy was used, by choosing the relevant card from their deck and placing it
face down on the table. If they were correct, they can get rid of their card, otherwise
they have to take it back up. The player to first get rid of all their logical fallacy cards
wins.

While playing the game, players are introduced to a large number of logical
fallacies in theory, as described on the cards, and in practice, while trying to use or
expose the use of a logical fallacy in an argument. While first time players can easily
be overwhelmed by the wealth of possible fallacies they encounter, seasoned players
will develop a skill to unearth such fallacies also when facing them in real-life
situations.

This game was created by Konstantin Lackner, Hannah May and Shimong Park.

CyberCrime*. The game broaches the topic of Criminal Thinking from the
perspective of a group of cyber criminals. Their goal is to hack in and steal data from
a well-defended server. Similar to “Hackers’ gambit”, the game designers’ goal was
for players to familiarise themselves with established cyber attacks and possible
defensive strategies.

In the game, the group of cyber criminals sets off together to break into a server
and steal a large amount of data. In the turn-based game, they encounter defensive
agents, such as firewalls or antivirus programs. If they get caught, they have to return
to the start and try again. If and when they manage to steal the data, they turn on each
other and every player has to fend for themselves in order to escape and sell the data
at a profit.

The learning elements in the gameplay are mostly tokenised - defensive agents are
in place and can attack the players, but what exactly they do to be a valid defensive
security strategy is a black box.

In the originally designed version, this was the only learning opportunity, however,
in the first play session with HCI students, it became apparent that this tokenised
learning content was insufficient for students to really engage with the course content.
Thus, CyberCrime was the only game that underwent a redesign during the testing
phase: we merged content from Hackers’ gambit, which we did not end up using as a
whole game, into CyberCrime. Each time a player is threatened to be wiped off the
game board, they now have the opportunity to save themselves by answering a quiz
question. These questions were originally created for Hackers’ gambit and are closely
related to topics around cyber security and thus, add most of the learning value while
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playing the game. This change was made as soon as it became apparent that the first
version did not achieve the desired learning effects, so, after only a few HCI students
had played the game. Therefore, we do not have sufficient data to make a comparison
between the two versions.

This game was created by Berdan Akar, Alex Boskovic, Chiara Kanya and Tobias
Ungerbock.

Hackers’ gambit. The game engages with the topics of Criminal Thinking and
cybersecurity. The authors explained the relevance by pointing out that, while some
hackers are solely mischievous, others pose a significant threat to society. By playing
the game, players have the opportunity to gain valuable knowledge about potential
risks and how to defend against them. Whether playing as a villainous hacker or a
virtuous cybersecurity specialist, participants can step into the shoes of these
characters, understand their mindset and goals, and learn how to be prepared and
avoid pitfalls.

The game is a round-based tower defence game. Each player secretly receives a
role in the beginning of the game and is either a hacker or cybersecurity specialist.
Hackers try to break into the town’s main servers while the cybersecurity specialists
have to defend them. Only during the game do the players learn of the other players’
roles. Each player gets attack and defence cards and has to try to reach the servers
before the other team can get in their way.

The game employs indirect means of teaching, by confronting players with
possibly initially foreign vocabulary of digital attack and defence moves. The game
provides explanations of what this vocabulary means and how it is related to
cybersecurity only in the context of the quiz questions.

This game was created by Caroline Altrichter, Hariton Bucka and Rafal Gérniak.

CO2. The game takes on the topic of Responsible thinking by illustrating the
importance of responsible development of technology. It deals with topics of electric
energy and waste production, and shows that collaboration is necessary to keep the
planet from falling apart. Furthermore, it also demonstrates that every person’s
decision has an impact on the global scale.

The game is a round-based factory builder and resource management game, where
players draw and place cards in the middle of the table, each one creating their own
industry empire. Each round ends with a points overview: the players’ goal is to
maximise their points while keeping in mind the environmental impact of their
factory’s production. This environmental impact affects all players equally, creating
the need to restrain the players’ own goals while trying to outplay their rivals.

The game aims to make players reflect on responsible handling of resources on a
global scale. It puts a spotlight on the need of collaboration and collective action to
save the planet. It also shows that making agreements with other factions is an
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important part of politics, however, does not enforce the need for these agreements to
be honoured.

This game was created by Andreas Macsek, Patrick Trollmann and David-Michael
Vyhnalik.

5.4 Quantitative Evaluation

To answer RQ4, how the games were perceived as contributing to the students’
learning, we conducted a quantitative evaluation of participant’s answers to a survey
as outlined in Section 4.1 and 4.2

Ways of Thinking in Informatics was visited by 514 students. The median age of
these students was 20 years, with outliers between 17 years and 51 years.

Most students attended this course in their first semester, with 66 HCI students
coming from higher semesters, eg. due to failing the course the first time they
attended, or because they transferred from another university and had to complete this
mandatory course.

79% of the HCI students identified as male, 19% as female, 1 person as diverse.
Please note that the person identifying as diverse did not play any of the games that
are evaluated in the further course of this paper; gender-specific results thus only
show male and female responses.

In order to establish a background, we asked HCI students how often they play
different types of games, depicted in Figure 2. As Ways of Thinking in Informatics is
part of a CS program, it is not surprising that students showed a higher affinity to
digital games than analogue games.

How often do you play ... board & card games -----

M never

rarely

[ sometimes

M often multi player games (digital) -I..-

[l very often
[l daily 100% 0 100%

Fig. 2. HCI Students’ game playing preferences

We also asked students about their opinions regarding game-based learning generally.
Figure 3 shows that the answers were predominantly positive. Students generally
advance the view that game-based learning makes sense, with only few responses
(3.9%) rejecting the concept. 75% of HCI students state that playing the games has
increased their interest about the content of the way of thinking the game was about.
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Table 1. Some results of the game-specific survey. The overall values are marked using a
heat map that emphasises values over 4,0, 5,0 and 6,0. The values for male and female HCI
students’ answers show a colour gradient towards the larger value if the difference is larger
than 1,0. The gender-specific values were left out for Morality Lab due to the small number

of female players.

Cybercrime | Morality Lab Policy Maker Talecrafters

Lose Fallacies

Overall answers 30 23 78 36 26
male | female 23 7 20 3 67 1 27 9 20 6
1/This game has deepened my understanding of the way 45 5,0 5,0 5,0 5,0
of thinking.
50 30 - - 50 6,0 5,0 6.0 50 65
2| gained new knowledge in terms of the way of thinking 5,0 5,0 5,0 4,0 55
through this game.
50 4,0 - - 50 6,0 40 40 50 60
3 Through this game | have gotten to know or better 5,0 4,0 4,0 3,0 6,0
understand concepts that belong to this way of thinking.
50 3,0 - - 4,0 4,0 30 20 60 65
4 The game helped connect different concepts of this way 5,0 5,0 5,0 4,0 5,0
of thinking.
50 4,0 - - 5,0 5,0 4,0 4,0 4,0 60
5 This game hgs gxpanded my understanding of what this 5,0 6,0 5,0 5,0 5,0
way of thinking is all about.
50 30 - - 5,0 6,0 5,0 50 50 6.0
6 | now better understand why this way of thinking is 5,0 6,0 5,0 4,0 5,0
taught as part of the Syllabus. 2 J 2 ’ 2
6.0 50 - - 5,0 3,0 40 50 50 55
7 This game helpeq me undersl.tar)d how to apply 4,0 5,0 5,0 5,0 5,0
concepts from this way of thinking.
4,0 4,0 - - 5,0 5,0 5,0 60 50 60
8 | found the game interesting 6,0 6,0 6,0 6,0 6,0
6.0 6.0 - - 6,0 6,0 6,0 60 60 70
9 | found the game entertaining 6,0 6,0 6,0 6,0
6.0 6.0 - - 7,0 6,0 6,0 6.0 6.0 7,0
10/l would recommend the game 5,0 5,0 6,0 6,0 6,0
6.0 4,0 - - 6,0 6,0 6,0 6.0 50 7.0

Since they filled out this survey after they played the games they chose, this is highly
relevant for us, and can be seen as a confirmation for our approach.

[l don’t agree
[ rather don’t agree
[ partially don’t agree ~ Game-based learning makes sense at a

The game-based learning approach
makes sense

[ neutral university
M partially agree Learning through play increased my
[ rather agree interest in the content
Il agree I would recommend incorporating
game-based learning into other courses
100%

| FT
0

100%

Fig. 3. HCI Students’ views on game based learning

In addition to a general survey, HCI students had to fill out a second survey for each
of the games they played. In this survey, the questions focussed on whether the
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students thought the games contributed to their learning as well as on their thoughts
on the perceived quality of the games they played.

Table 1 shows an overview of the results from the five games designed by GD
students that were included in the Ways of Thinking in Informatics course. For the ten
statements shown in the table, the survey asked HCI students to agree or disagree on a
scale from 1 to 7, where 1 is strongly disagree and 7 is strongly agree; for each game
and each aspect, the medium of all responses is shown (large number) as well as the
medium of the responses of male and female players each (smaller numbers).

In the following, we will refer to the statements 1 through 7 as knowledge
acquisition aspects, and 8 through 10 as game quality aspects.

A couple of interesting observations can be made here. One thing that becomes
apparent is that games created by the GD students held up quite well: game quality
was almost uniformly rated as six or above.

Another observation is that perceived game quality does not correlate with
knowledge acquisition. TaleCrafters was rated equally in game quality to the other
games, but regarded lacking in knowledge acquisition aspects; on the other hand,
Morality Lab fared a bit poorer on game quality, but much better in knowledge
acquisition aspects.

Further, it was interesting to see that the CyberCrime game achieved substantially
better results from male players for three statements regarding knowledge acquisition
and one statement regarding the quality as a game. In contrast, the Lose the Fallacies
game was rated higher by female players in two knowledge acquisition aspects and
one game quality aspect.

The knowledge acquisition aspects in the survey were written to fall into different
categories of Blooms taxonomy [12], see Table 2. Aspects 2 and 3 are derived from
the remember layer; aspect 4, 5 and 6 are derived from the understand layer, and
aspect 7 is derived from the apply layer. Consequently, we were able to evaluate how
the HCI students felt the games contributed to their learning success in these three
categories.

Table 2 Survey data organised by mapping the aspects to categories in Bloom’s taxonomy. For
this evaluation, since more data was available, we used a statistical average instead of median.

Cybercrime Morality Lab Policy Maker Talecrafters Trugschluss

overall answers 30 23 78 36 26
Aspects belonging to the remember category (2) 4,5 4,6 4,4 3,6 53
Aspects belonging to the understand category (3) 4,5 53 4,8 4,3 4,9
Aspects belonging to the apply category (1) 4,0 54 4,9 4,9 5,2

It seems that the games fared quite differently in these aspects: while CyberCrime
peaks in the lower categories of the taxonomy, Morality Lab, Policy Maker and
especially TaleCrafters seem to help more regarding the application of concepts rather
than in learning-by-heart aspects.
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Since about a quarter of the HCI students (23%) stated that they often, very often
or daily play board & card games, we looked at the differences between these two
groups and their responses to the games, compare Table 3.

It becomes apparent that the two different groups quite consistently reported
different levels of knowledge acquisition ratings in each of the games. For
CyberCrime, experienced board/card game players felt that the game helped them less
than the unexperienced players. Morality Lab, TaleCrafters and Lose the Fallacies had
the opposite effect, with experienced players reporting higher takeaway than
unexperienced players. It is worth pointing out the the gradient for all aspects slopes
in the same direction for most games. The exception here is Policy Maker, as
experienced players gave some of their lowest ratings regarding knowledge
acquisition, and at the same time some of the highest ratings regarding game quality.

Table 3 Survey data differentiated between levels of board/card game proficiency. Median of
all replies from HCI students who are experienced (left value) or inexperienced (right value)
board/card game players. The values for people with previous board game exposure or no
previous board game exposure’ answers show a colour gradient towards the larger value if the
difference is larger than 1,0.

Cybercrime  Morality Lab Policy Maker Talecrafters | Lose Fallacies:

overall answers 30 23 78 36 26
board game exposure | no board game exposure 7 23 6 17 22 56 14 22 8 18
1|This game has deepened my understanding of the way
of thinking. 4,0 50 50 5,0 55 5,0 6,0 4,0 6,0 50
2|1 gained new knowledge in terms of the way of thinking
through this game. 4,0 50 55 50 5,0 5,0 5,0 35 6,0 50
3| Through this game | have gotten to know or better
understand concepts that belong to this way of thinking. 4,0 50 5,5 4,0 3,0 4,0 4,0 3,0 6,0 6,0
4|The game helped connect different concepts of this way
of thinking. 50 50 50 50 5,0 5,0 45 4,0 50 45
5| This game has expanded my understanding of what this
way of thinking is all about. 3,0 50 6,0 5,0 5,0 5,0 5,0 4,0 6,0 50
6|1 now better understand why this way of thinking is
taught as part of the Syllabus. 50 50 50 6,0 4,0 5,0 45 4,0 55 50
7|This game helped me understand how to apply
concepts from this way of thinking. 4,0 4,0 5,0 6,0 5,0 5,0 55 5,0 55 5,0
8| found the game interesting 50 50 55 50 60 60 60 60 70 50
9|1 found the game entertaining 50 6.0 55 60 60 70 60 60 65 6.0
10| 1 would recommend the game 50 50 45 50 70 60 60 60 55 60

5.5 Qualitative Evaluation

To get an impression of how students perceived the game-based learning exercise as
part of a university lecture (RQ5), we conducted a comprehensive qualitative analysis
of the plain-text answers in the survey.

Of the 303 quotes selected for qualitative analysis, 252 were provided by male HCI
students, 51 by female HCI students. For each quote, we estimated the general
sentiment (positive, negative, neutral), elicited theme(s) (e.g., learned something new,
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amplified interest,...) and tracked what the comment was referring to (e.g., one
particular game, the organisation, the game event ...).

After eliciting 28 different reoccurring themes, we developed six overarching
categories in which we could gain insights from the comments: learning, method,
organisation, social aspects, feedback and interest. A quantitative overview of these
categories can be seen in Table 4.

In the following section, we will first provide a description of each of these
overarching categories, defining which themes were drawn from the comments and in
how they were perceived by HCI students. We also give example quotes from the
comments to help contextualise the type of information gained. In the discussion in
Section 5, we will draw on this information to inform our take-aways.

Table 4. Quantitative overview of comments representing the overarching themes developed in
the Thematic Analysis.

Overarching theme  Tags count Comments  positive  neutral negative

Learning 6 131 98 15 18
Method 9 97 76 10 11
Organisation 6 55 18 20 17
Social Aspect 2 53 53 0 0
Feedback 3 45 14 9 22
Interest 2 11 9 0 2

Learning. The 131 comments categorised as “learning” included mentions of
committing something to memory, insights and so-called AHA-moments, better
understanding basics of the respective way of thinking, gaining new knowledge or
strengthening understanding. However it also includes comments of HCI students
who were dissatisfied with their learning outcomes or who had expected a deeper
exposure to the subject matter. 75% of HCI students referred to moments or activities
where they did in fact experienced learning, 13,5% described a neutral experience and
11,5% were dissatisfied with their learning outcomes.

Many HCI students appreciated the method’s affordance for learning: “I learned
more from this exercise than I would have, preparing for a test.”. One of the biggest
dissatisfactions was seemingly the time spent to knowledge gained ratio: “The
necessary time effort does not reflect the knowledge gain.”. However, even the HCI
students who were dissatisfied with the learning outcome, appreciated the method for
what it is: “In comparison to other learning activities, I did not learn much from this
exercise, but it was by far the most engaging.” or “The method has some limitations,
especially concerning the amount of knowledge it transfers so it should not be used to

283



Interaction Design and Architecture(s) Journal - IxXD&A, N.68, 2026, pp. 261 - 298
DOI: 10.55612/s-5002-068-009

build new knowledge, however, it’s a good method to strengthen understanding and
revision.”

HCT students also commented on the different learning outcomes as influenced by
not only the games played but also the (social) context they are played in: “Your take-
aways are probably very dependent on the game as well as the people with whom you
play.”. Some deeply reflected on their own, personal world views and how they are
situated within the sociocultural context they played in: “The question I asked myself
[during playing] was how to objectively rate other peoples’ opinions as ‘good’ or
‘bad’, if every person and every society [...] has a different concept of ‘good’ or
‘bad’”. Different learning outcomes were also reflected in other comments about
lacking previous engagement with the relevant ways of thinking: “My work would
have profited to already have read the details of the exercise and necessary reflections
in advance. I would have known how to concentrate on my way of thinking and would
have looked for parallels. During the game I was able to see connections, however, [
only experienced Aha-moments in the aftermath.”.

Some games were perceived to train other skills rather than the ones that were
connecting to the respective ways of thinking: “The game did not sustainably change
my understanding of the way of thinking. It did however train my argumentation skills
and made me take on positions I am usually not familiar with. I really like that aspect
of the game.”. Funnily enough, in this case the here-mentioned trained skills do
actually reflect important takeaways of the way of thinking, but were not recognised
as such.

Method. These 97 comments referred to descriptions of the general game-based
approach to learning. HCI students described the advantages of the method as
practical; fun; offering variety and flexibility in the very homogeneous study routine;
promoting self-directed and autonomous learning; and allowing for self-reflection.
The main disadvantages mentioned were around the issue of games only dealing with
the topics of the lecture superficially and thus were not as usable as a method as
compared to other methodological interventions. Finally, some HCI students did not
find the method to be age-appropriate or appropriate for a university setting.

Many HCI students appreciate the method as being different from usual university
work and fun at that: “I learned that it’s best for me to learn from mistakes. Not only
the self-directed approach and involvement with the topics but mostly trial and error
helped me 24. Only when trying to find the sources of my mistakes and fixing them, I
got really involved with the topic.”. This method was experienced to be better at
promoting self-directed and original work than other formats. The practical nature of
the method was not only highlighted: “I especially liked reflecting on the games in the
end. Only then I noticed how many aspects the games really had, which I was actively
engaging in and gaining experiences from.”, but also contrasted to many other
exercises for university that are easily solvable by the use of generative Al: “A clear
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advantage is that it is impossible to let generative Al play the games instead of
oneself, meaning that you really have to engage with the content yourself.”

Organisation. The 5 organisational themes referred to a variety of organisational
topics. These spanned from communication and information about the method,
including realistic time frames, intent and requirements; to access to the games and
the live gaming events; to the selection of games. Entries in the category were very
equally distributed between positive (35%), negative (35%) and neutral or more
informative (30%) comments.

HCT students partly struggled to find relevant information regarding the gaming
event and the renting process of games: “Borrowing games was a bit complicated as
the relevant information was hidden behind a link in the information document.” They
were mostly content with the selection of games and surprised how well they fit their
respective ways of thinking. Some, however, criticised that the games favoured some
ways of thinking where they offered many points of reflection, but did not work that
well for other ways of thinking. Generally, the gaming event was well received: “[The
event] was well organised, clearly laid out, not too loud and sharing this atmosphere
with others was very pleasant.” However, a more detailed analysis of organisational
factors that supported or opposed the seamless implementation of and our learnings
around the Games and Labs exercise can be found in [13].

Social Aspect. Due to the lecture taking place in the first semester of their studies,
many HCI students appreciated a side effect of the method, namely creating a means
of connecting to fellow students. They particularly highlighted moments of laughter,
interaction and socialising with their peers in a secure and largely carefree lecture
setting. In regard to the social aspects of the method, none of the comments can be
construed as negative.

The social aspects of the method tie in well with the overall goal of the lecture,
since HCI students experience diverse points of view on each of the ways of thinking
just through the interaction with their colleagues: “I was able to network with my
colleagues. Playing in small groups allowed to see the perspectives of other people on
the topics.”. Additionally, connecting to other HCI students creates a clear picture of
the advantages drawn from cooperation that students can profit from throughout their
studies: “I find it important to not only deal with new topics alone, but discuss them in
group settings. Only then can we support each other.”.

Feedback. 48 comments contained some kind of feedback ranging from praise, to
“bug reports”, to potential changes for future iterations. While some of these dealt
with the games themselves, regarding rule-sets, introduction to the games, balancing
and selection of the games, also providing ideas for other games to include, others
communicated wishes concerning timing and organisation as well as feedback about
the hand-in procedure.
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HCT students noted delays in being able to play due to first having to understand
the rule set, suggesting more initial help and onboarding: “I would change the
exercise mode to include that someone, who already knows the game, joins for the
first round of playing to make the game rules easier to understand.”. They also
experienced issues putting their take-aways to paper or could not identify connections
to the ways of thinking: “The games themselves were easy to understand, but [
struggled to put my learnings and take-aways from the game event on paper”.

Interest. While there are only 11 comments in this category, it is nevertheless relevant
as it pertains to raising or deepening interest in the topics of the lecture. On the one
hand interacting with the games motivated HCI students to extend further effort to
dive deeper into the topic - general interest already existed but it became more
evident: “I was already familiar with this way of thinking, so it didn’t impact my
understanding of the topic [...] I can however say, that my interest in learning more
about the way of thinking and researching details about it has been raised.”

On the other hand, showing an even more desired outcome, playing the games
sparked interest in the topics of Ways of Thinking in Informatics for students who
were not interested in the topics before this exercise: “I really liked the playful
approach to transport knowledge. My interest was even sparked for a way of thinking
that I was not initially interested in”. While the content of the lecture creates interest
by itself, the game-based approach reinforced the effect: “As usual after working for
an exercise in Ways of Thinking in Informatics, I learn that I should broaden my
horizon. Trying out new learning techniques [like this gameful approach] creates an
additional fresh breeze [...]”.

6 Discussion

The results point towards multiple take-aways regarding the use of game-based
learning in the context of HCI teaching. We approached this first iteration of the game
creation pipeline and using them as teaching tools as a test-run to assess if the process
is viable. During this first year, we learned a lot about the method; the organisational
requirements; the work overhead created for the educators; and the types of learning
that could be expected from the game-based approach. We also learned a lot about
these particular games, what was necessary to design them, how they were received
by students, which were better learning tools and which needed re-designs to work
better for their intended purpose.

Learning. As the main purpose of the games was to further or foster the

understanding of individual perspectives of thinking about CS, the learning activity
was in the foreground of all evaluations. As identified in Vlachopoulos and Makri’s
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literature review of games in higher education [6], games used in educational contexts
can lead to various learning outcomes. Thus, it is not surprising that our games were
found to work on different categories of Bloom’s taxonomy [12]. As observed in the
quantitative evaluation, some games worked better to further remembering, while
other games helped students understand how to apply knowledge from the chapter
content.

In some games, such as Morality Lab, students were challenged to face their
preconceived understanding towards certain topics. They were asked to look beyond
their current understanding of the world, empathise with other perspectives and
cultures and broaden their horizons. In other games, such as Lose the Fallacies,
students were introduced to concrete, existing concepts, which they had to practically
apply or recognise when others applied them. Both of these types of learning have the
potential to create a longer lasting effect and change the way students approach
problem solving and argumentation, however, from our data, our knowledge
regarding such effects is inconclusive. Yet other games, such as CyberCrime, revised
bits of information pertaining a certain topic. This learning approach led to taking in
information but was not perceived as the same level of engaging as other game-based
learning activities. It can, however, still be employed for learning important facts in a
more motivating group setting, using the positive social learning setting as amplifier
for otherwise possibly dull learning tasks [16].

Past studies on GBL showed that games used in a learning context often lack
grounding in instructional theory and game design theory [14, 19, 20] . In Gameful
Design, we provided the students with game design theory and inspiration in the first
phase of the course, with the goal of creating games that go beyond simple
gamification or pointsification [21]. In regard of instructional theory, even though we
never explicitly mentioned concepts like Bloom’s taxonomy [12], we did ask GD
students to consider the intended and possible learning outcomes in their design.We
gave them freedom to decide the how for themselves, as it was more important to us
that students create good games that are interesting to play and have a tight
connection to the syllabus, than that the games focussed on a specific paradigm from
Bloom’s taxonomy.

For the future, we will introduce the students to the concepts of Bloom’s taxonomy
and ask them to consider and continually reflect where they would place their learning
goals in the taxonomy. This could also become a more integral part of the second
prototype that dealt with better fleshing out the learning objectives. In the end, if
playing games achieves any form of substantial learning — and our results at least
suggest that they do — it is maybe less relevant on which level of some hierarchical
model of knowledge the learning happens, but rather where and when you deploy the
game.

The required knowledge for the best possible learning outcome was perceived very
differently and might depend on the games as well as the students playing them.
Some students insisted that previous knowledge about the specific topic addressed by
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the game would have been helpful and necessary for an in-depth analysis and
reflection of the games. Others, however, found the games a good introductory
exercise to be done before diving into the theoretical details, since playing the games
created the motivation to want to learn and understand more about the given topics.
Seeing these two contrary opinions, it is hard to make a definite statement about what
preparation or pre-knowledge are necessary for meeting the best possible learning
objectives. However, games where students learn the basic terms and definitions of a
field might be better played before the lecture, while a game where they apply their
knowledge might be better played after a lecture on the content.

Students reported that their learnings from the games were also highly dependent
on the group they played with. While most seemed to have a very positive social
experience with groups that interacted and enjoyed playing together, others
complained that their group either did not play the games necessary for their
particular perspective of thinking, which is in fact an organisational issue, or
mentioned awkward social situations, where they could not act as freely as they
would have with friends. Thus, context mattered, social learning could act as an
amplifier if the group was good and interactive, but could also deter learning and
discourage students from such learning experiences, as is suggested similarly in [6].

Finally, some games were seen by HCI students to train different skills rather than
the intended or desired learning objectives. We do not regard this as problematic for
skills that are learned in addition to the intended learning objectives. However, when
these skills are learned instead of the desired learning outcomes, this needs to be
addressed. These instances of observations point towards future work and will need to
be more closely analysed to lead to possible tightening of the games’ instructions or
re-designs.

Method. Overall, the game-based learning method was well received. Students
appreciated a change from their normal course work and felt motivated and
entertained while diving more deeply into the lecture’s content. However, the
reception was also tightly intertwined with the perceived quality of the game and the
students’ ability to reflect on topics. Another dampening effect was the personal
stance towards gaming in general. Students who did not initially see themselves as
gamers had a different experience playing the games as students who had prior
experience. Our current interpretation of this is that students who are already used to
role playing or practicing the “willing suspension of disbelieve” [47] or “secondary
belief” [48] are more likely to accept the gaming world as real for the time playing
and can thus more easily interact with the game content. As Struyven et al. [49] and
Vlachopoulos and Makri [6] assessed in context of elementary teacher training and
digital game-based learning respectively, students’ attitude towards being open to
different learning experiences will, to an extent, also have an impact on how well the
method will be received. Additionally, as [18] and [17] had pointed out, using games
in an educational context alone does not immediately lead to effective learning.
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Achieving a balance between engaging game elements and effective learning effects
is the core challenge of designing games for GBL.

Organisation. The organisational overhead definitely needs to be taken into account
when using this method in an educational context. Especially when aiming to create
the best possible settings for a fun and enjoyable interaction with the games and with
other students, the organisation has to be tight. Students need to be informed and
receive all necessary information in a timely and orderly fashion, otherwise this
introduces a level of uncertainty that negatively impacts the students’ experience. In
[13], we discuss the organisational requirements to give students access to the games
independently and in the context of gaming events in detail. The paper not only
outlines possible pitfalls and additional time and effort needed when it comes to
organising this game-based learning method, but also lists factors that contribute to
creating a positive and light atmosphere for students to play in, thus adding to a
motivating experience and possibility facilitating students to form ties to peers while

playing.

Social aspect. During the planning and execution phase of this project, we completely
overlooked the positive side effect playing games has on social interactions. Our main
foci were creating the best possible games, to cater to the best possible learning
outcomes. However, seeing that the HCI course takes place in the first semester of
their university studies, many students still lack the feeling of connection to their
colleagues and peers. While we keep advocating for students to form groups around
communities of learning and not to see their studies as something they have to go
through as lone wolves, in this case, we completely overlooked the potential this
game-based learning approach afforded. In future iterations of using the method,
creating games as well as organising event where they can be played, we will put
more emphasis on supporting the social aspects offered by the games. This
encompasses employing strategies such as using smaller, more intimate rooms for the
gaming events; spatially separating the organisation of distributing the games from
the playing areas; and designing better processes of group finding and building, to
avoid awkward moments for students when arriving at the events. Additionally, in the
next iteration of creating games for the lecture, we will put more emphasis on
analysing the social affordances of each game and will try to re-work and tighten the
design also with this goal in mind.

Feedback. While the feedback was very wide-ranging, it pointed towards the
necessity to provide better onboarding opportunities as well as better scaffolding
throughout the method. Onboarding can be facilitate by, again, re-working the games
instructions. Some of these might profit from a simple step-by-step guide through the
first few rounds of the games, while other just need to be more consistent with
explaining the terms they use and using the same terms throughout the whole
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instruction. We can also account for more supporting staff for the gaming events,
inviting tutors or even the GD students to accompany the events and introduce the
games to groups of students so that the tedious working-through-the-rule-set process
in the beginning becomes less taxing.

Towards improving scaffolding, we might be able to provide more comprehensible
additional material to further engage with the games content. We can also facilitate
deeper reflection with more detailed and focused reflection questions for each unique
game, thus leading the first-year students to a better understanding of the possible
learning objectives the games offer, adding to the debriefing process recommended by
previous projects in game-based learning [8, 27, 33]. These strategies might amplify
the students’ learning and support those that struggle with putting together their
arguments and reflections.

Interest. As mentioned in the Introduction, we often observe that first-semester
students take our introductory HCI course purely because it is mandatory, without
seeing the relevance of its topics in regard to their further studies and professional
lives. Our main quest in establishing different learning and teaching methods is to
raise our students’ motivation and interest in the topics of this course. We would even
go so far as to arguing that sparking and raising interest is one of the most important
outcomes as it enables further self-directed and intrinsic learning. Getting students to
care for our topics can have a great impact on the future of technology creation, as it
might lead to more reflective, diverse and critical perspectives on the possible impact
of technology on humans and society as a whole.

Additionally, intrinsic motivation and interest in the topics might make education
and learning more resistant against current issues with generative Al or cheating in an
academic context in general [50], such as students not doing their own course work or
trusting that everything they read from generative Al systems is true and fact-based.
So, even though sparking or raising interest was only a small category in the
qualitative analysis, it showed that using game-based methods has the potential to
motivate first-year students to delve deeper into the topics.

In summary, our unique approach of combining creating games with more
experienced students in a serious GD course and using the games in a first-semester
HCI course serves as an interesting addition to the existing catalogue of game-based
learning projects, which in the past have been mostly about computational and
algorithmic topics [15, 19, 27]. Our teaching methods attempted to address both the
lack of educational games grounded in instructional and game design theory and the
lack of meaningful evaluation of games’ impact on students observed by multiple
reviews of game-based learning projects [14, 19, 20]. This is done by providing GD
students with instructions and guidance on game design theory, and introducing
elaborate evaluation methods in the HCI course to meaningfully learn from students’
responses to the games. Although we cannot confidently determine whether our
games have achieved or can achieve behavioural change in students, as is suggested
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by Johnson et al. [27] - since longitudinal studies would be needed to make such a
statement - we received mostly positive feedback from the HCI students on the
content as well as the methods of the game-based learning approach.

As Plass et al. [16] suggest, going beyond adding gamification elements to
teaching materials by integrating various intertwined perspectives in the games is an
essential aspect of our game-based learning concept. We aimed at conceptualising
interesting and engaging games rather than just game-based interactions with the
content or only using aspects such as pointsification [6] as motivating factors. Both
quantitative and qualitative results reflect HCI students’ positive experience regarding
cognitive, motivational and affective perspectives; while we did not focus too much
on socio-cultural perspectives, apart from the sparse information about differences
across different genders, caused be the sadly skewed gender distribution in our
studies.

7 Conclusion

We investigated the question how we can design and set-up an effective process to
create games that would enhance the students’ acceptance of and motivation for a
first-semester course called Ways of Thinking in Informatics, and even facilitate
learning in this course. Reacting to this challenge, we tasked students from a master-
level course on Gameful Design together with bachelor students to create games for
the content of a first-year course most of them had finished before.

We evaluated this pipeline from game creation to game play, finding that it worked
very well. Apart from one game that did not quite make it to be deployed as a
playable game, the 6 other games turned out to be not only playable but also
entertaining. While we had to exclude yet another game from being used in the HCI
course for being too complex and taking too long to be played alongside a second one
in a two-hour play session, 5 of the 7 games were deeply grounded in the topics and
fulfilled all requirements to be played by first semester students of the HCI course.

This process created additional value for students of both courses along with
receiving a certificate for their work in the end of the semester. The GD students, who
put a lot of work and effort into their games, appreciated their work not being lost and
forgotten in time, as often happens to course work, when there is not further purpose
for it other than yielding them a grade for the students involved. For most of them, the
games they created were not only taken up and used in another lecture to be played by
hundreds of students, but also professionally produced which upgraded their design
work, giving the games a polished look. Sadly, this additional value only impacted
those students whose games actually ended up being used in the lecture, and might
have negatively impacted the students whose games did not make the cut.
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The value created for the HCI students on the other hand was more about creating
and sustaining interest in the course topics. They could interact with the course
content in a light and fun social setting, which impacted their motivation to further
dive into the topics. Additionally, the game-based learning and teaching approach
provided much-appreciated diversity in their rather monotonous study work, and it led
to them creating interpersonal relationships with their peers that might have a long-
term impact on their further studies.

7.1 Limitations

The pipeline presented in this paper is a very good example how learning goals and
students’ work can be symbiotically used across different university courses. While
process and results yielded promising outcomes in our case study, there are definitely
limitations to the process that might lead to the pipeline not being as successful in
different contexts - thus questioning its sustainability for different contexts.

The main limitation of the process was that it was very time consuming. This does
not refer to the students’ course work, which would have happened anyways one way
or another, but planning, executing, selecting and producing the process took up vast
amounts of time. The idea originated in the winter semester of 2022, the game design
course had to be planned accordingly and took place in the summer semester of 2023.
Selection and professional creation of the games happened over the summer break,
where students who had designed the games and created the materials were not
readily available for questions or to clear up ambiguities, as their course had ended.
Thus, as all materials needed to be re-designed to fit the requirements for professional
printing, this had to be done by the instructors. Also, the master-level game design
course was held in English while the first-semester course was held in German, which
created the necessity to translate the entirety of the game materials for use in the HCI
course. Finally, assembling the complete games, creating and printing the games
instructions and packaging each game took yet more work. The games ended up being
fully produced just in time for the winter semester 2023, leaving little time for other
organisational tasks that needed to be done.

Another limitation is that we are in the very unique position of being able to teach
both game design and HCI courses based on our backgrounds. This opportunity
helped us in shaping not only the perfectly adjusted game design course, focusing on
our very particular needs, but also being able to provide context and feedback for the
games, leading to a situation where the creative and content-based decision making
were deeply intertwined. If the responsibility for two such courses lie in different
departments, it might require more effort to achieve the same alignment.

A third limitation pertains to the transferability of the created games to other
learning contexts. Generally speaking, the games designed by our students could be
used in STEAM education settings other than higher education, e.g. as adult
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education or in a K-12 context. However, because at least some of the games are
highly specific to our context, this might turn out to be difficult. Additionally, our
evaluation of the games has only been done with first-year students of CS. As such,
we cannot offer any helpful information outside of this context.

We are working on processing the developed games to be used by other interested
parties. Offering the games as downloads in German language is rather easy, but in
order to be played as card or board games, materials such as boards, pegs, dice, cards,
etc. are necessary to actually reproduce a setting where they can be played. Also, all
materials are in German, which makes using the games in a foreign language even
more difficult. We do not have the resources to prepare the games so that they are re-
usable in other educational contexts as a teaching tool or material. As the games are
designed to address very specific topics, teaching material about these topics as well
as exercises or assignments to reflect on the games’ take-aways would have to be
created in addition to the game materials and instructions.

7.2 Future Plans

Building on the successful design cycle introduced in this paper, we are currently in
the process of starting on the second iteration of the game creation pipeline. We
learned that having games that focus on very specific content e.g. only one particular
way of thinking causes situations where it becomes harder to organise groups of
students to play games together. It creates a situation where the total number of
students who came to play any one game needs to be divisible by the necessary
number of players of said game. We also found that some games would offer the
affordance to be analysed and reflected upon from different perspectives easily, if that
were kept in mind during the design process. Thus, in the next iteration of the game
design course, students will be tasked with ideally including not one but two different
perspectives in their games. Additionally, to place more value on the learning
objectives, we opted for a more interdisciplinary approach for the game design
course. We are collaborating with a department situated in the area of teacher
education at the University of Vienna and are currently running a course that is as
inter-disciplinary as it is inter-university. Here, the knowledge about the content of the
games is introduced by the CS students, while expertise about learning and teaching is
brought by the teacher education students. We hope to be able to successfully report
on this next iteration in the future.

Acknowledgements. The authors of the games are credited with the design of the

game. All authors were, at the time when the games were designed, students of TU
Wien.
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Appendix - List of Games

Analogue games: Key term memory for each way of thinking, Zendo, Form Follows
Function, Peek 1, Peek 2, Morality Lab, Data - Privacy - Identity, Trugschluss,
Doreen, The Policy Maker, Cybercrime, Tale Crafters

Digital games: Block in the Lock — available on Steam (free), Human Benchmark —
free in browser, Kerbal Space Program— available on Steam (paid), Portal — available
on several platforms (paid), Labyrinth Lab, Library Lab, Routefinding Lab, Laundry
Sorting Lab, Supermarket Lab, Computing History Game — free in browser, The Pack
— NYSCI - free on iOS, [7 billion humans] — available on Steam or iOS (paid), Baba
is You — available on Steam or Switch (paid), Can't unsee — free in browser, Human
Benchmark — free in browser, Even Flow — free in browser, User Inyerface — free in
browser, Ters and Conditions — free in browser, Kern me — free in browser, Triangle —
free in browser, Typewar — free in browser, Designers Eye — free in browser, Spent —
free in browser, The Republica Times — free in browser, Harmony Square — free in
browser, fake it to make it — free in browser, Panopticon — free in browser, Quandary
— free in browser & smartphone, Absurd Trolley Problems, Parable of the Polygons —
free in browser, We become what we behold — free in browser, Survival of the best fit
— free in browser, Harmony Square — free in browser, The Republica Times — free in
browser, Crancy Uncle — free mobile game, Molle Industria — Sammlung kritischer
Spiele, free in browser, not all available, Codenames — free in browser for 4-12
Players, 6 Degrees of Sabotage — free in browser, Bad News — free in browser, Papers,
Please — available on Steam (paid), Click click click — free in browser, Green New
Deal Simulator — free on Steam & Browser, Bad News — free in browser, The Fiscal
Ship — free in browser, Neal Password Game — free in browser, Moderator Mayhem —
free in browser, Trust and Safety Tycoon — free in browser, King of the Castle —
available on Steam (paid), skribbl.iio — free in browser, Little Alchemy — free in
browser, The Stanley Parable — available on Steam (paid)
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