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Abstract

Gamification is increasingly applied in Software Engineering (SE)
education to enhance student motivation and engagement. How-
ever, existing approaches often follow a one-size-fits-all strategy,
which fails to account for the diverse motivational profiles of stu-
dents. This can result in limited effectiveness and disengagement.
In this paper, we present an adaptive gamification concept for
MEITREX, an intelligent tutoring system (ITS) in SE education
that tailors gamification to students’ HEXAD player types, course
progress, and competence level. We conducted a requirements and
user analysis to identify motivational challenges and individual
preferences in SE education, which guided the design of our con-
cept. We developed and implemented the concept in MEITREX,
integrating adaptive gamification elements with student analytics,
and evaluated it with twelve students in a demo course. Results
show that students perceived the system as adaptive to their learn-
ing, with quests and progress indicators improving orientation and
motivation. At the same time, the effects on procrastination were
moderate, indicating a need for additional time management tools.
We present this study as a pilot, and we make the source code and
collected data publicly available to facilitate replication and longer-
term studies. The findings of our first evaluation in a demo course
are relevant for researchers investigating personalized learning, ed-
ucators aiming to improve SE education, and developers of learning
technologies seeking to integrate adaptive gamification.
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1 Introduction

Software Engineering (SE) education plays a critical role in prepar-
ing future software professionals. Maintaining motivation in SE
courses remains a challenge, as students often struggle with com-
plex technologies, heterogeneous prior knowledge, and varying
learning preferences [33, 38, 48]. Learning Management Systems
(LMSs) are often used in SE education to support online or blended
learning modes [51] and offer features for remote access to course
materials, submitting exercises and assignments, or taking exams [10].
Intelligent Tutoring Systems (ITSs) can be considered a form of
LMSs and offer, for example, students in SE education personalized
feedback and hints on programming exercises or task recommenda-
tions [13]. However, studies show that these systems fail to achieve
lasting engagement due to limited personalization options and in-
sufficient motivation and collaboration features [1, 14, 35].

Gamification describes the use of game design elements in non-
game contexts [16] and has been widely adopted to address such
motivational challenges. Prior research demonstrates promising
effects of gamification on engagement and learning outcomes in
higher education [5, 22]. Gamification approaches in the domain
of SE education showed similar results [2, 43]. Most gamification
initiatives take a one-size-fits-all approach, offering the same gami-
fication elements to all students in the belief that everyone will be
motivated. However, as reported in literature, students respond dif-
ferently to the same gamification elements, leading to motivational
gains for some while others remain unaffected or even demoti-
vated [6]. Student motivation is not uniform but shaped by individ-
ual characteristics, learning contexts, and preferences [8, 18, 23].

A promising approach to addressing this gap is adaptive gami-
fication, which tailors gamification elements to students’ individ-
ual characteristics. Studies indicate that adaptive gamification can
enhance engagement and learning efficiency [21, 24, 27], yet its
application in SE education remains underexplored.
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The HEXAD framework [29, 32] is often employed to adapt gamifi-
cation, providing a taxonomy for capturing different motivational
orientations by categorizing students into player types [32]. The
adaptation of gamification for different player types is the most
popular approach, focusing entirely on the motivational profiles
of students. However, since students in SE education have very
heterogeneous prior knowledge and varying learning preferences,
adapting gamification solely to the motivation profile of the stu-
dents may not be sufficient. ITSs are uniquely positioned to extend
the personalization of gamification beyond player types. As they
continuously monitor the learning progress and competencies of
each student, they can adapt the system and its gamification ele-
ments to the individual course progress of students, incorporating
their current competency level to dynamically refine the adapta-
tion. These dimensions enable a more holistic personalization of
gamification, which has not yet been explored in SE education.

In this paper, we present an adaptive gamification concept for
MEITREX [34], an ITS in SE education that integrates player type,
course progress, and competence level into a unified personalization
mechanism. Based on a requirements and user analysis with SE
students, we designed and implemented an adaptive gamification
concept and evaluated its impact on motivation and user experience
in an “Software Architecture” demo course. We therefore address
the following research questions:

RQ1: “How can gamification elements be adapted in an ITS for SE
education to be personalized for students?”

RQ2: “How do students in SE education perceive adaptive gamifica-
tion in an ITS regarding their motivation and learning experience?”

Our contributions are threefold: We (1) provide empirically elicited
requirements for adaptive gamification in SE education, (2) intro-
duce a novel adaptive gamification concept incorporating student
progress and competencies in SE education, and (3) present an
evaluation, indicating an improvement in student motivation, and
express students’ willingness to use the system in other SE courses.

2 Related Work

Gamification in education has been extensively studied in recent
years, yielding promising results for enhancing student motivation,
engagement, and learning outcomes [9, 17, 52]. In higher educa-
tion, gamification has been particularly applied in fields perceived
as difficult, such as programming, where it can provide structure,
incentives, and repeated practice [2, 41]. Huang and Soman [25]
propose a 5-step guideline for utilizing gamification. These include
understanding the student characteristics, defining learning objec-
tives, structuring experience, identifying resources, and applying
gamification elements. Comparably, Kiryakova et al. [26] propose a
4-step guide containing quite similar steps. Compared to Huang and
Soman [25], they additionally highlight criteria for well-designed
learning activities, including the repeatability of achievements,
achievability of achievements, increasing difficulty, and the achiev-
ability of objectives via multiple paths.

In SE education, prior studies confirm a growing interest in gam-
ification, but highlight that most initiatives are limited to specific
activities, such as programming challenges, project collaboration,
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or gamified development processes [2, 28, 33, 41]. While these ap-
proaches show potential for increasing engagement, they are often
developed as proof-of-concept and lack comprehensive integration
into broader learning environments, such as ITSs.

A consistent critique across the literature is the prevalence of
one-size-fits-all gamification, as it overrelies on a narrow set of
mechanics, most commonly points, badges, leaderboards, quests,
and achievements [17, 28, 37]. These elements are easily trans-
ferable from games to education, but do not equally motivate all
students. Prior work emphasizes that different students require
distinct gamification strategies, as individual preferences and mo-
tivational orientations vary significantly [22, 44]. To address this,
adaptive and personalized gamification has emerged as a research
direction. Early work by Monterrat et al. [36] proposed algorithmic
approaches for adapting elements to personality traits, while Bockle
et al. [7] developed a design framework outlining criteria such as
adaptivity purpose, criteria, and interventions. Studies using the
HEXAD player type taxonomy [32] show that tailoring gamifica-
tion to motivational profiles can increase engagement, but results
remain inconsistent and often context-dependent [42, 46]. Impor-
tantly, most adaptive approaches still focus primarily on player
types, neglecting other dimensions such as individual learning
progress or preferences.

Recent research highlights the potential of extending adaptivity
to student progress. ITSs, by design, track students’ competencies
and provide opportunities for fine-grained adaptation [47, 49]. In-
tegrating data about student activities into gamification allows
systems to recommend challenges aligned with students’ current
abilities, reducing both frustration and boredom [24]. Similarly,
studies suggest that behavior-based adaptation, using indicators
like activity patterns or collaborative engagement, can refine per-
sonalization and sustain motivation over time [3, 4, 18]. While these
approaches have been studied in adaptive learning systems, they
have rarely been systematically combined with gamification, and
even less so in the specific context of SE education.

Related work has laid the groundwork by demonstrating the
potential of gamification in SE education and by exploring per-
sonalization primarily through player types. However, existing
approaches remain limited, as they focus narrowly on motivational
profiles while neglecting cognitive and progress-related factors,
and lack empirical grounding in student needs and preferences. In
contrast, our work introduces an adaptive gamification approach
that combines player type, course progress, and competence level
into a unified personalization mechanism. This multi-dimensional
adaptivity, grounded in a requirements and user analysis with SE
students, represents a novel step toward designing gamified ITSs.

3 Requirements and User Analysis

To design an adaptive gamification concept, we conducted a Re-
quirements Engineering (RE) process combined with a user analysis
of SE students. The goal was to identify motivational challenges,
gather preferences for gamification elements, and derive require-
ments for adaptivity. Section 3.1 describes the applied RE process,
while Section 3.2 presents the results and the requirements that
were considered in the concept design.
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Figure 1: Motivation factors of students in SE education.

3.1 Requirements Engineering Process

The RE process was designed to capture student-centered require-
ments for an adaptive gamified ITS. Building on established defini-
tions from Pohl and Rupp [40], we structured the process into elici-
tation, analysis, specification, and prioritization. The primary focus
was on students in SE education, as their motivational challenges
and learning preferences shape the effectiveness of gamification.
To elicit requirements, we conducted an online questionnaire
targeting university students in Germany and the United States.
The questionnaire consisted of five sections: (1) demographics, such
as age, gender, and study background, (2) motivation, including
self-assessment of learning struggles and preferences, (3) experi-
ences with existing gamified apps (frequency, perceived benefits,
frustrations) (4) application design, including opinions on gamifica-
tion and interaction styles, and (5) HEXAD questionnaire using the
12-item short version by Krath et al. [29] to classify player types.
The questionnaire was distributed online to SE students in Ger-
many and the United States via institutional mailing lists and stu-
dent social media channels. A prerequisite for participation was
that students were enrolled in a computer science or related pro-
gram and had completed at least one SE course. The data provided
both quantitative measures (using Likert scales and rankings) and
qualitative insights (from open-ended questions). This combination
enabled us to identify recurring motivational struggles, common
expectations, and potential pitfalls associated with gamification
in educational systems. Based on the findings, requirements were
specified and prioritized using the MoSCoW method [11].

3.2 Results and Gathered Requirements

A total of 45 students participated in the questionnaire, of which 36
provided complete responses that were included in the analysis. The
students were mainly enrolled in SE and related study programs in
Germany (32 students) and in the United States (4 students). The
average age was 23 (min. 19, max. 32). Further demographic details,
such as gender or semester of study, were collected but are not
relevant to the following analysis. All questionnaire questions and
collected data can be accessed on Zenodo!.

1https://doi.org/l0.5281/zenodo.17230020
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Figure 2: User analysis using the HEXAD player types [29].

The results reveal that many students face recurring motiva-
tional challenges. Figure 1 illustrates these challenges. The respec-
tive Likert-scale questions are: (Q1) I sometimes struggle to stay
motivated when studying, (Q2) I often feel lost, not knowing which
topics/exercises I need to focus on, (Q3) When I fall behind in a
lecture, I find it difficult to catch back up, (Q4) I sometimes find
course tasks too challenging, which affects my motivation, (Q5) I
feel confident in my time management skills/having a consistent
learning schedule, (Q6) Clear and structured learning goals help
me learn more effectively, (Q7) I prefer deciding for myself what to
work on next, (Q8) I prefer learning at my own pace rather than
following a fixed schedule, (Q9) If I'm unsure what to do next, I
will just procrastinate, and (Q10) I need pressure from a deadline
to be able to work effectively. In particular, 86% of the respondents
agreed (for this section, we combine agree and strongly agree) that
they sometimes struggle to stay motivated when studying, while
only 7% explicitly disagreed. A proportion of 64% of the students
stated that they tend to procrastinate when unsure about what to
do next, highlighting the importance of clear guidance in learning
environments. Similarly, 36% reported difficulties catching up once
they had fallen behind, and 17% agreed that tasks sometimes felt
too challenging, which negatively impacted their motivation.

Structured and transparent learning support is strongly valued.
80% of the students agreed that clear and structured learning goals
help them learn more effectively, and 40% expressed confidence in
their time management skills, although 35% also disagreed. The
majority of students emphasized autonomy, with 70% preferring
to decide for themselves what to work on next and 64% favoring
learning at their own pace rather than following a fixed schedule.

When asked about their experience with gamification in non-
educational contexts, most students were familiar with gamified
applications such as fitness trackers or language learning platforms
(e.g., Duolingo?). They associated gamification with enjoyment, in-
creased engagement, and better progress tracking. However, they
also expressed concerns about superficial implementations, irrel-
evant rewards, and overly competitive features. These findings
underline that gamification in education must be meaningful, adap-
tive, and closely aligned with learning goals to avoid distraction.

2https://en.duolingo.com/
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The HEXAD analysis shows that the most common player types
among the participants are the Philanthropist and the Achiever.
The user analysis in the RE process is illustrated in Figure 2. Free
Spirits, Socializers, and Player appear slightly less frequently. The
least common type is the Disruptor. This distribution suggests that
altruistic, mastery-driven, and autonomy-oriented elements are
particularly important for SE students, whereas purely competitive
mechanics resonate less strongly. Nevertheless, the existence of all
six types suggests that gamification elements that are considered
not beneficial for a player type could potentially be viewed as
demotivating in a one-size-fits-all gamification strategy.

Based on these findings, several requirements for adaptive gami-
fication were derived and prioritized. (Req1) First, the system must
include clear progression indicators and structured learning goals,
since lack of orientation is a key driver of procrastination and de-
motivation. (Req2) Second, gamification must adapt to different
motivational profiles to account for the diversity of student moti-
vation, ensuring that altruistic, mastery-focused, and autonomy-
driven students are supported without alienating minority groups.
(Req3) Third, the system must balance autonomy and guidance. Stu-
dents should have freedom to choose tasks and pace, but deadlines
and milestone-based feedback are needed to maintain consistent
engagement. (Req4) Finally, gamification elements must remain
meaningful and aligned with learning objectives, avoiding superfi-
cial rewards or purely competitive mechanics that risk discouraging
parts of the student population.

4 Adaptive Gamification Concept

Based on the requirements, three adaptation factors emerged, which
serve as the basis to adapt gamification elements: (1) Player Type,
which accounts for motivational diversity, (2) Course Progress, which
aligns gamification with the student’s advancement through the
curriculum, and (3) Competence Level, which ensures that challenges
and rewards match individual skills. To overcome the limitations
of static, one-size-fits-all gamification, we introduce gamification
adaptation in MEITREX [34] that accounts for the diversity of
SE students. The reason for using MEITREX is that it already en-
ables us to analyze the individual competency levels according to
the CS2023® computer science competency standard, and to track
students’ individual course progress. In the ITS, this CS2023 compe-
tency standard was implemented using the competencies in JSON
format by Anzinger et al.. However, the adaptive gamification
concept in this paper is applicable to any learning platform and
should serve as proof of concept in MEITREX.

To operationalize the gathered requirements, the concept is struc-
tured around several components. First, Section 4.1 provides an
illustrative running example that demonstrates how adaptive gami-
fication unfolds for different personas. Second, the choice of gami-
fication elements is explained in Section 4.2. Finally, the adaptation
mechanism dynamically aligns the elements with the student’s
profile and current state, as explained in Section 4.3. The imple-
mentation of the adaptive gamification concept in MEITREX is
open-source and publicly available on GitHub?.

3https://csed.acm.org/
“https://doi.org/10.5281/zenodo.14045625
Shtps://github.com/MEITREX/gamification_service
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4.1 Illustrative Student Scenario

To illustrate how the adaptive gamification concept unfolds in prac-
tice, we present two personas: Anna, an Achiever, and Peter, a
Philanthropist. Both are enrolled in the same SE course but differ in
their motivational profiles, course progress, and competence levels.
Anna — The Achiever: Anna is in her third semester of a Bach-
elor’s program. She has strong prior knowledge in programming
and typically performs above average in assignments. According
to the HEXAD assessment, she is an Achiever who is motivated by
mastering challenges and demonstrating competence. At the begin-
ning of the course, Anna is presented with quests that align with
her competence level. Tasks that are too easy are de-emphasized,
while more advanced optional quests are highlighted to maintain
her engagement. Her experience points (XP) and level system show
rapid progression, with milestone achievements unlocked for com-
pleting complex tasks ahead of schedule. Achievements emphasize
mastery, such as “Completed advanced coding challenge without
hints.” Since autonomy is less central to her profile, customization
options are available but not emphasized in her dashboard. The
adaptivity ensures that Anna remains consistently challenged and
motivated, thereby avoiding disengagement from trivial tasks.
Peter — The Philanthropist: Peter is in his first semester of a
Master’s program and has limited prior knowledge in designing
software architectures. He scored highest on the Philanthropist pro-
file, indicating that he is strongly motivated by helping others and
contributing to his community. His course dashboard emphasizes
social features. Cooperative quests are recommended, such as peer-
reviewing assignments or mentoring less experienced classmates.
His XP progression is framed around personal accomplishments
and community contributions, with achievements like “Supported
three peers with feedback.” Because his competence level in soft-
ware architecture is limited so far, the system assigns him quests
of moderate difficulty, ensuring that he does not feel overwhelmed.
Achievements celebrate his collaborative spirit rather than individ-
ual performance, while customization features are highlighted to
provide autonomy in shaping his learning experience.
Comparison: Although both Anna and Peter interact with the
same pool of gamification elements, the system emphasizes and
adapts them differently based on the students. Anna receives more
challenging quests and mastery-oriented achievements, whereas
Peter is encouraged to participate in collaborative activities and
rewarded for community engagement. Course progress also plays
a role as both advance through the course, the nature of available
quests and achievements evolves, ensuring that the system remains
meaningful and aligned with their respective competence levels.

4.2 Gamification Elements

Previous research shows that the motivational effects of gamifica-
tion depend heavily on the selected elements and their alignment
with student needs [17, 22]. Therefore, our design avoids an arbi-
trary collection of features and instead focuses on a targeted set of
elements that address the motivational challenges reported by SE
students and also align with the gathered requirements. While the
gamification elements can be mapped directly to HEXAD player
types, research has shown that an indirect mapping through gami-
fication element categories is more effective.
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Table 1: Choice of adaptive gamification elements based on
the gameful design by Tondello et al. [45]

Category Gamification Elements

Socialization Q&A Forum; Leaderboards

Assistance Q&A Forum; Al Tutor Character; Motiva-
tional Quests for weaker areas

Immersion Al Tutor Character

Risk/Reward Item Lottery

Customization Profile Decorations; Points Shop; Items

Progression XP System & Levels; Achievements;
Progress Bars & Performance Statistics

Altruism Answer questions in Q&A Forum

Incentive Achievements; Quests; Collectible Items

Tondello et al. [45] identified eight gamification element categories
through principal component analysis: Socialization, Assistance,
Immersion, Risk/Reward, Customization, Progression, Altruism, and
Incentive. Each category groups similar elements that appeal to
overlapping motivational preferences. By classifying our elements
into these categories, the system can recommend elements based
on student behavior, even beyond the player’s primary type. This
indirection enhances flexibility, as it allows the adaptation engine
to suggest new gamification elements that share a conceptual basis
with those already enjoyed by the student. Table 1 summarizes
these categories along with our designed gamification elements.
The table illustrates the distribution of diverse elements across cate-
gories, providing a basis for adaptive recommendations that extend
beyond a direct mapping of player types to individual elements.
Additionally, Figure 3 provides an overview of the gamification
elements according to adaptation mechanisms, highlighting the
dimensions of adapting gamification widgets and gamification con-
tent to individual students.

Although many of the proposed gamification elements them-
selves are not new and have been applied in other learning en-
vironments, the integration and interaction within an ITS for SE
education and their adaptation to individual students are novel.

4.2.1 Experience Points and Levels. An experience points (XP) sys-
tem with levels forms the foundation of our progression design. XP
systems are a well-established mechanic in games, where students
collect XP through actions and advance to higher levels once thresh-
olds are reached. In our concept, the XP system provides a global
measure of effort invested in studying across different courses and
semesters, thereby creating a single, intuitive indicator of overall
progress (Reql). However, since we consider XP to be a global in-
dicator, this does not reflect how much a student has learned. XP
is awarded for a broad range of learning activities, reflecting both
individual study and community participation. For example, watch-
ing a lecture video grants XP proportional to its duration, reading a
lecture document is rewarded based on page count, and completing
a quiz set yields XP according to the number of items solved. Larger
milestones, such as completing a programming assignment, grant
substantial XP bonuses. Contributions to the learning community,
such as posting in the forum or having an answer accepted, are
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Figure 3: Overview of the gamification design.

also rewarded. This mapping of actions to XP ensures that all types
of engagement are recognized and rewarded.

When a student gathers enough XP, their level increases. A crit-
ical design consideration was determining the XP thresholds for
leveling. We adopted a logarithmic progression model for leveling,
ensuring fast XP gains at lower and slower gains at higher levels.

4.2.2  Progress Bars and Performance Statistics. Progress indicators
are among the most established gamification elements in educa-
tional systems, as they provide both motivational incentives and
essential feedback about learning progress. Beyond satisfying stu-
dents driven by progression, they serve all students by visualizing
advancement within the course curriculum and clarifying the dis-
tance to upcoming goals. This aligns directly with the requirement
to counteract procrastination and disorientation (Req1). As we in-
tegrate the gamification concept into an existing ITS that analyzes
individual competency levels according to the CS2023,4> compe-
tency standard in CS education, we can directly retrieve and display
the data as progress bars. Thus, performance statistics do not merely
show how much course material has been completed, but also how
well students have mastered specific desired competencies.

4.2.3 Leaderboards. Leaderboards allow students to compare their
performance with that of their peers, and recent research has shown
that they can influence learning outcomes in a manner similar to
explicit goal-setting [30]. Prior research also highlights challenges
in their design. A static, one-size-fits-all leaderboard tends to dis-
proportionately favor students who have participated the longest,
making it difficult for newcomers to catch up [39]. To mitigate these
issues, different strategies have been proposed. Park and Kim [39]
distinguish between macro-leaderboards, which track overall scores,
and micro-leaderboards, which focus on specific activities. This en-
ables high performers to be recognized globally, while others can
excel in narrower domains. Given the context of SE courses with rel-
atively small participant numbers, we adopt a seasonal leaderboard
design, allowing students to compare in an All-Time Leaderboard,
Monthly Leaderboard, and Weekly Leaderboard, using comparable
points earned by completing course material. Figure 4a illustrates
the seasonal leaderboard with profile customizations.
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4.24 Q&A Forum. Asynchronous and synchronous communica-
tion tools play a central role in supporting collaboration and knowl-
edge exchange in online learning environments. To this end, our
concept integrates a Q&A forum which addresses the need for
socialization and assistance while also fostering altruistic contri-
butions (Req2). Threads can be created either as information posts
or as questions, with the latter designed to solicit peer support. To
enhance contextual relevance, threads can be linked to specific
timestamps in lecture videos or to particular pages in documents,
making them visible to other students directly at the point of need.
Other students can reply, and responses are subject to up- and
down-voting, thereby highlighting helpful contributions. Each stu-
dent’s cumulative “vote points” are displayed, signaling expertise to
peers and simultaneously incentivizing knowledge sharing. Beyond
serving as a support mechanism for struggling students, this feature
also enables “learning by teaching”, where answering questions re-
inforces the student’s own understanding [12, 19]. Figure 4b shows
a thread in the Q&A forum, with up- and down-voted answers and
an approved answer by the author of the thread.

4.2.5 Collectible Items, Points Shop & Profile Customization. Col-
lectible items provide students with a layer of personal expression
and extrinsic reward. However, as highlighted in the requirements
analysis, such items must be meaningful to sustain engagement.
Therefore, collectible items in our concept are tied to profile cus-
tomization, allowing students to personalize their learning environ-
ment and express individuality. Figure 4c presents the item shop,
featuring collectible items of varying rarities, as described below.
Collectible Items: Students can obtain items through various
means, such as completing quests, achievements, or assessments.
Examples include unique profile pictures, decorative frames, back-
ground colors or patterns, and alternative tutor mascots. Items are
classified by rarity (Common, Uncommon, Rare, Ultra-Rare), with
higher rarity indicating greater difficulty of acquisition.
Currency and Item Shop: To regulate acquisition, students earn
a virtual currency (coins) from daily quests, achievements, and
course activities. Coins can be spent in the points shop to purchase
items directly. Prices scale with item rarity, ensuring that rare items
require consistent effort over time.

Item Lottery: For students motivated by Risk/Reward mechanics,
the system also offers a lottery option. Here, coins can be wagered
for a chance to obtain rare items otherwise unavailable in the shop.
Lottery odds are carefully balanced (e.g., 65% common, 20% un-
common, 12% rare, 3% ultra-rare) to maintain fairness and prevent
devaluation of rare items.

Customization: Collected items can be equipped via the student’s
inventory, which provides slots for each item type (e.g., profile
picture, frame, background). These customizations are visible in
public areas such as the Q&A forum and leaderboards, allowing
students to showcase their achievements and identity. This not
only strengthens individual ownership but also fosters recognition
among peers, linking cosmetic personalization with social visibility.

4.2.6 Al Tutor Character. While traditional gamification focuses
on structural mechanics, the Al tutor character provides a narrative
and immersive dimension that combines support, personalization,
and motivation.

Niklas Meifner et al.

The tutor is powered by a Large Language Model (LLM) extended
with a Retrieval-Augmented Generation (RAG) pipeline [31], which
enables it to access lecture materials uploaded to the system. The
technical realization of the Al tutor character is not relevant for
the rest of this paper. Being aware of the course content allows
the tutor to answer questions precisely and to link responses to
relevant content. Students can interact with the tutor in a chatbot
format, ask follow-up questions, or request clarification, enabling
an interactive learning experience. Such conversational agents have
already been shown to positively impact study performance and
perception [50]. The tutor also delivers motivational messages to
continue learning when entering MEITREX. This personification
leverages the emotional response in people [15], which, in our
context, can be used in order to motivate students to complete
tasks. During exercises, it can provide hints or direct support when
a student struggles with a task. Within the dashboard (see Figure 5),
itappears as a companion that responds to student questions. The Al
tutor provides structured assistance and orientation (Req1), adapts
to motivational diversity through personalized interactions (Req2),
and balances autonomy and guidance by leaving initiative to the
student while offering help when needed (Req3).

4.2.7 Achievements. Achievements are among the most widely
used gamification elements, serving as symbolic recognition of
milestones reached by students. In our concept, achievements go
beyond static, predefined goals by combining shared milestones that
are identical for all students with adaptive milestones generated
dynamically for individual students to sustain motivation. A key
design consideration is the balance between meaningfulness and
motivation (Req4). While achievements should encourage repeated
engagement, research also indicates that more difficult achieve-
ments improve student performance and has partially indicated
that a lower quantity of achievements leads to improved motivation
compared to higher quantities of achievements [20]. To address this,
we distinguish between non-countable achievements, which reflect
substantial mastery (e.g., completing all assignments of a module),
and countable achievements, which allow incremental extension.
By limiting adaptive generation to countable achievements, the sys-
tem ensures that non-trivial, long-term goals remain stable markers
of progress. Figure 5 displays an achievement widget, indicating
the student’s status for reaching an individual achievement.

4.2.8 Quests. Quests are a core mechanic in our gamification con-
cept, designed to structure learning activities as goal-oriented tasks
that provide both orientation and motivation (Reql, Req4). In our
system, every learning task, such as watching a video, solving a
quiz, or completing a programming assignment, can be embedded
into a quest. Some quests represent short-term tasks (e.g., com-
pleting a single quiz), while others involve long-term challenges
(e.g., submitting an assignment or participating in group work).
Therefore, we ensure daily and weekly quests. Figure 5 shows an
example of individual daily quests. In summary, quests serve as
the narrative and structural backbone of our adaptive gamification.
They transform abstract course tasks into tangible learning goals,
provide regular incentives for engagement. Together with XP and
achievements, quests complete the progression loop by linking
immediate actions, intermediate goals, and long-term milestones.
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Figure 4: Gamification Element Design.

4.3 Adaptation Mechanism

We build on Bockle et al’s [7] framework to determine where adap-
tation should occur and on Knutas et al’s [27] idea of personalized
task generation to determine what to adapt in day-to-day learning
activities. Concretely, our mechanism combines: (i) an initial player-
type—based recommendation score over gamification element cate-
gories (after Tondello et al. [45]) with (ii) continuous, data-driven
refinement from in-system behavior like course progress, student
competencies, and user feedback. This two-stage engine powers
two layers of adaptivity: (a) adaptive widgets (which elements are
surfaced on the dashboard) and (b) adaptive content (what each el-
ement contains for each individual student). The underlying design
decisions, score computation, refinement algorithm, and widget/-
content adaptations are described in this section.

4.3.1 Static Gamification Elements. In our design, the XP system
and levels, as well as progress bars and performance statistics,
are deliberately kept static. They are always present, identical in
function for every student, and never down- or up-weighted by
the adaptation engine. We made this choice for two reasons. First,
these elements provide the primary orientation of the system as XP
establishes a stable, global measure of study effort and milestones,
while progress bars expose curriculum coverage and competence
development. Hiding or reshuffling these signals would undermine
transparency and make it more difficult for students to assess their
progress and determine next steps. Second, fixing these elements
reduces cognitive load and preserves trust. The indicators look
and behave the same across sessions, which helps students form
accurate mental models of how the ITS tracks effort and progress.

4.3.2  Adapting Gamification Widgets. At the widget layer, the sys-
tem decides which elements to surface prominently on the dash-
board for a given student. Concretely, the widget selector can pro-
mote, de-emphasize, or rotate five widget families. (1) Leaderboards,
(2) Q&A Forum, (3) Collectible Items / Points Shop / Profile Cus-
tomization, (4) Al Tutor Character, and (5) Achievements. The goal
is to match “what you see first” to stable preferences and current

needs, while keeping navigation to all features consistently avail-
able. To decide which widgets to surface, the system first forms an
initial preference profile and then refines it over time from light-
weight signals. The dashboard (see Figure 5) exposes two fixed
widget slots that the widget selector fills and refreshes by default
every twelve hours (students may opt for six hours or 24 hours)
to rotate highlighted widgets. Access to all features (e.g., the Q&A
forum) via the standard navigation menus remains unchanged.
Preference Seeding: For an initial estimate of the student’s HEXAD
player type upon their first login to the system, we use a HEXAD
questionnaire by Altmeyer et al. [3] which consists of either-or
questions. The questionnaire then calculates the individual weight
for each player type (students can have more than one strong player
type). Students can skip the steps, but if they do, we start with a
neutral baseline (equal weights across all six player types).
Initial Estimation of Recommendation Score: Starting from
the HEXAD questionnaire, we compute a category-level recommen-
dation score that expresses, for each of the eight element categories
(see Table 1), how often it should appear on the course page relative
to the others. Rather than mapping player types directly to con-
crete gamification elements, we first map the normalized HEXAD
vector (the player type questionnaire results for all player types
as a vector) to category preferences using the correlation struc-
ture reported by Tondello et al. [45]. The idea is that affinity to a
category predicts affinity to all elements inside it (e.g., students
who enjoy Achievements often also enjoy Collectibles in the same
category). Concretely, we multiply the six-dimensional, min-max
normalized HEXAD vector by a 6 X 8 correlation matrix to obtain
raw category scores. A linear transformation then shifts these raw
values into [0, 1], followed by a normalization step that turns them
into a distribution summing to 1. This distribution is interpreted as
a relative frequency signal for the widget selector (i.e., it does not
change the total number of widgets displayed, only their mix). In
practice, a purely linear mapping compresses many students close
together into the mid-range because, as the correlation coefficients
determined in [45] are at most slightly negative.
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To distinguish between recommendations, we apply a simple “poly-
nomial mapping”. This spreads mid-range values (making genuine
preferences more visible), while not entirely removing the impact
of negative correlations. Finally, these category weights are used
as inputs to the widget selector. Concrete widgets inherit their
category via a binary mapping (an element either belongs to a cate-
gory or not), providing a transparent bridge from player-type input
to category preference and, ultimately, to the actual gamification
widgets that appear in the dashboard.

Refining the Recommendation Score: After seeding the cate-
gory preferences, the system periodically refines the recommenda-
tion score by default every twelve hours using user-facing feedback
and rotation rules. When a gamification widget is shown, a ban-
ner may ask for feedback with three options: (1) Show more often,
(2) Just right, or (3) Show less often. Each response applies a small,
fixed adjustment rate of (+0.05) to the corresponding category
weight, after which the vector is re-normalized. If a student selects
Show more often or Show less often, we temporarily increase the
feedback-request frequency by 1.5X (i.e., we ask more frequently).
Selecting Just right reduces the frequency by the same factor (i.e.,
we ask less frequently). The frequency is bounded between one
request every eight days (upper frequency limit) and one request ev-
ery 30 days (lower frequency limit), ensuring periodic re-evaluation
without spamming. When using the refined scores to generate the
next recommendation, the widget selector first applies a minimum
threshold so that each category retains a probability of at least 5%.
The remaining (uncapped) categories retain their relative propor-
tions after normalization. This ensures that the system can continue
to recommend categories of gamification elements that the student
has not previously shown interest in. The reason for this is to give
students the opportunity to change their minds.

4.3.3 Adapting Gamification Content. Beyond deciding which gam-
ification elements are featured on the dashboard, the system adapts
what those elements contain. Content adaptation is built on a goals
framework. Goals are a generalization of the tasks or conditions that
a student must fulfill to achieve an accomplishment or complete
a mission, such as quests and achievements, which both require
specific goals. The goal system is designed to enable the dynamic,
rule-based generation of tasks and the generation of composite
tasks that comprise multiple smaller tasks. The goal system also
provides functions for tracking students’ progress toward these
goals. Both achievements and quests are instantiated through this
framework, enabling on-demand, data-driven generation that re-
sponds to learner state and preferences.

Quests: To realize adaptive quests, we defined them as small, time-
bounded tasks intended to be completed in about an hour and are
rewarded with coins (currency). The system generates three daily
quests at midnight, with selection adapted to the student’s recom-
mendation score (from Section 4.3.2) and course progress. Quests
are drawn from four types. Learning (consume specific lecture ma-
terial), Exercise Progress (work on due or suggested assessments),
Competency Level (target topics where competence is low), and
Specialty (align with preferred gamification categories, e.g., answer
a forum question or equip an item). If a chosen type cannot yield a
meaningful task (e.g., all lectures already completed), fewer than
three quests may be issued to avoid contrived tasks.
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Figure 5: Course dashboard with gamification widgets.

To promote regular engagement, the system supports quest streaks
that increase rewards for consecutive days with all quests com-
pleted. The generation logic follows decision trees rule-based selec-
tion tied to prerequisites, suggested dates, and learning intervals.
Achievements: In the concept, achievements are a mixture of
predefined, course-wide milestones (identical for all learners) and
user-specific, dynamically generated milestones that extend engage-
ment over time. A known challenge with dynamically created
achievements is that they can conflict with the usual expectation
that achievements represent milestones and collecting all achieve-
ments is perceived as mastering the game. Continuously adding
new achievements can undermine that sense of closure, especially
when some students have other publicly visible achievements than
others. Therefore, we restrict the dynamic creation to countable
achievements, i.e., goals that depend on repeating the same action
(e.g., “complete 10 quizzes”). When a learner completes one tier, the
system proposes the next step (e.g., “20 quizzes”).
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Although unlimited adaptive achievement tiers can, in principle,
create moving targets, we prefer this over frustrating learners who
see others receive achievements they can never obtain. Achieve-
ments are also based on the previously mentioned goals framework,
which provides the technical backbone. Each achievement is de-
fined by a template (e.g., count target), preconditions (prerequisites,
suggested dates), and success conditions.

AI Tutor Character: The Al tutor operates as a conversational
agent (LLM with retrieval over uploaded course materials) that
provides individually framed, context-aware answers and exercise-
level hints in free-form dialogue. To add a narrative, immersive
layer, the tutor appears as a mascot-like character that can pop up
on the dashboard (see Figure 5) with short personalized motivational
messages tailored to recent activity (e.g., acknowledging a strong
programming performance or encouraging a retry after failure). The
content of the tutor’s messages is based on the learner’s progress
to date and, if necessary, directs them to the next relevant activity,
thereby supplementing quests and achievements.

5 Evaluation

This chapter outlines the evaluation of our adaptive gamification
approach in MEITREX. The following sections describe the eval-
uation design (Section 5.1), present the results (Section 5.2), and
discuss their implications for SE education (Section 5.3).

5.1 Evaluation Process

To evaluate the impact of adaptive gamification in SE education, we
conducted a user study with twelve students enrolled in SE-related
degree programs. Participants were recruited at the University of
Stuttgart, Germany. We created a dedicated demo course, “Software
Architecture”, within MEITREX that included lecture slides, pre-
recorded videos, and assessment tasks to simulate an authentic yet
controlled learning environment used exclusively for the evalua-
tion. Each participant interacted with the system over the course
of one week, participating in three separate sessions of approxi-
mately 60 minutes each. Sessions were conducted remotely using a
think-aloud protocol with screen sharing. After a brief introduction
in the first session, participants worked independently, explored
the course materials, and interacted with both static and adaptive
features (e.g., Al tutor, quests, achievements), followed by short
debriefs at the end of each session.

This multi-day setup was chosen to observe features that adapt
across days (e.g., daily quests, rotating widgets, feedback-driven
adjustments) rather than in a single session. Instrumentation con-
sisted of a pre-exposure questionnaire (demographics, prior expe-
rience with gamified applications, and familiarity with software
architecture) and a post-exposure questionnaire that captured both
quantitative indicators and qualitative reflections. The post-study
questionnaire combined Likert-scale items (e.g., perceived useful-
ness and clarity of guidance, perceived motivational support) with
open-ended questions (e.g., most/least helpful features, sugges-
tions for improvement). All items were aligned with our research
questions. Analysis followed established practices in SE education.
Closed-ended items were summarized using descriptive statistics
to reveal central tendencies, while open responses and notes from
the think-aloud sessions were thematically analyzed to identify
recurring patterns related to usability, guidance, and motivation.
All questionnaires and collected data can be accessed on Zenodo!.

5.2 Results

Twelve SE students completed the user study. Prior exposure to
gamified applications was common (41.7% reported (semi-) regular
use, 33.4% regular use, 25.0% no experience). Figure 6 presents the
results of the Likert-scale closed questions. Overall, 75% agreed (for
this section, we combine agree and strongly agree) that gamification
elements adapted well to their personal needs (25% neutral), and
83% agreed that they adapted well to their progress in the course
(17% neutral). The adaptive quests were especially well received as
targeted guidance. 92% agreed that quests helped them work on
relevant topics, and 83% agreed that quests helped them to stay
motivated by providing clear daily goals. Dynamic widgets that
rotate the course dashboard were also accepted by most participants
(67% agree; 17% neutral; 17% disagree). Overall acceptance and
comparative judgments were high as all students indicated that
they would use such a system regularly if it were part of a real
course setting, and 92% agreed that the system provides more value
than established e-learning platforms.

Qualitative analysis of open comments and think-aloud notes
revealed three recurring themes. First, structure and orientation,
as students praised that quests and progress indicators “make it
obvious what to do next”, reflecting the intent of providing clear
progression and next-step guidance.
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Second, motivational diversity as some participants emphasized
leaderboards and competitive elements, while others preferred
quests, customization/collectibles, or the Q&A forum.
Third, the role of the AI Tutor character. Participants overall valued
quick clarifications but criticized occasional limitations in taking too
long. Notably, the personified, mascot-like presentation was viewed
positively, with requests for richer, more interactive behavior.
Students also provided concrete improvement suggestions. Sev-
eral asked for clearer explanations of gamification mechanics- For
quests, participants recommended a finer control and variety, in-
cluding an option to skip/swap a daily quest, and more explicit links
from quests to the relevant page or activity. Regarding gamification
widgets, students wanted the dashboard to emphasize essentials
first (i.e., display individual progress up front) and requested the
ability to pin widgets or reduce widget rotation when they appre-
ciate them. Social and collaboration features were also requested,
including messaging and a study group finder, complementing the
Q&A forum. Additional requests included a dark mode and more
profile customization options (including custom Al tutor avatars).

5.3 Discussion

The results provide actionable answers to RQ1 by clarifying which
gamification elements in an ITS for SE education can be adapted and
how to do so without hiding essential information from other stu-
dents. A layered strategy emerged: (i) keep static, universally useful
orientation signals (XP/levels, progress and competence indicators)
visible for all students, (ii) adapt the widget layer to personalize
what is surfaced on the individual dashboard and (iii) adapt content
within gamification elements that benefit from learning goals, i.e.,
with short-term quests, long-term achievements, and tutor support.

In relation to RQ2, students overall perceived adaptive gamifi-
cation positively for motivation and learning experience. Large
majorities agreed that elements were adapted to their personal
needs and course progress. Quests and progress indicators were
repeatedly cited as making the next steps clear, and acceptance was
high (students would use the system in a real course setting and
judged it more valuable than established LMSs). At the same time,
views on the AI tutor and on rotating widgets were more mixed,
indicating a need for clearer introductions and explanations of gam-
ification mechanics and controllable surfacing (e.g., pinning, gentler
rotation). Procrastination feedback was less consistent, suggesting
that guidance could be complemented with more time-management
features (e.g., deadline reminders). Overall, the study suggests that
layered personalization enhances orientation and motivation in SE
courses, also highlighting concrete possible future improvements
to broaden its impact and durability.

6 Threats to Validity

Internal validity: A potential threat arises from the artificial na-
ture of the demo course. The students were aware that the course
was created exclusively for evaluation purposes. Their engagement
and interaction with MEITREX may therefore differ from behavior
in a real course with grading and long-term stakes. To mitigate this,
we utilized real course content and distributed participation across
three sessions within a one-week period to simulate repeated usage
and reduce the novelty effect.
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External validity: The study was conducted with a small group of
twelve SE students from one university. This limits the generaliz-
ability of the findings to other institutions, disciplines, or larger and
more diverse cohorts. Moreover, the implementation in MEITREX
is a proof of concept, and results may not directly transfer to estab-
lished LMSs. Still, the conceptual design of adaptive gamification is
independent of the specific software, which facilitates replication
in different educational contexts.

Construct validity: The evaluation relied on self-reported mea-
sures of motivation and learning experience, which can differ from
actual behavior and learning outcomes. Students may state that the
system increased their motivation, while their actual study time
remained unchanged. The presence of novelty effects may also have
influenced responses, since students interacted with an adaptive
system for the first time. To mitigate this, we included both Likert
scales and open-ended questions in the questionnaire to express
their perception of the system.

Conclusion validity: The relatively short evaluation period and
the limited number of participants constrain the strength of the
conclusions that can be drawn. Students engaged with the demo
course for one week, which is sufficient to assess usability and
first impressions, but not to evaluate long-term learning effects or
sustained motivation. Therefore, our findings should be interpreted
as exploratory evidence of feasibility and student perceptions rather
than as definitive proof of effectiveness.

7 Conclusion and Future Work

This paper introduced an adaptive gamification approach for an
intelligent learning environment in SE education. We keep static ori-
entation signals (progress/competence indicators, XP/levels) visible
to all students in the same way, adapt the gamification widget layer
to personalize which gamification elements are presented to the in-
dividual students on the course dashboard (e.g., leaderboards, Q&A
forum, achievements), and adapt gamification content in quests,
achievements, and the Al tutor based on students’ individual player
type, course progress, and competence level. A HEXAD-seeded
preference profile mapped to gamification element categories and
a refinement loop guides the gamification adaptations.

In a one-week study with twelve students from SE-related study
programs, we simulated a “Software Architecture” course. Partici-
pants perceived the system as adaptive to personal needs and course
progress, and consistently valued daily quests and progress indi-
cators for clarifying next steps. Overall acceptance was high as
students indicated they would use the system in other SE courses
and rated it more valuable than established LMSs. Responses to the
Al tutor character were mixed, and the reduction in procrastination
was less pronounced, leaving room for improvement, such as gami-
fication elements for time management and guidance functionality.

Future work will involve larger and more diverse cohorts, as well
as the long-term use of the system in real courses to evaluate learn-
ing outcomes, long-term motivation, and sustained engagement,
based on data about student interactions. We also plan to address
the improvement suggestions from the evaluation in this study and
refine the adaptation mechanisms and rotation to reduce fatigue.
Additionally, we will introduce skip/swap and streak options for
quests, and enhance controls and analytics for lecturers.
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