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Abstract
UML has become, throughout the years, the most popular modeling language for the conceptual design of software. However,
UML diagrams are frequently flawed with semantic and syntactical errors. One of the main root causes for such issues can
be traced back to software modeling education in software engineering curricula, which is typically given less attention
than core development activities. The objective of this manuscript is to describe the application of gamification (i.e., the
use of game-related mechanics in non-gameful contexts) to increase the motivation and engagement of Master’s students in
learning the core concepts of UML modeling. Our tool prototype includes typical gamification mechanics such as avatars,
achievements, scoring mechanisms, and leaderboards and incorporates a system for automatic validation of the correctness of
the student’s solution. We empirically evaluated the benefits achieved through the tool by performing a controlled experiment
with 280 Master’s students. We found that the use of gamification significantly increased the student commitment to perform
exercises, the completeness of the exercises, and the semantic quality of the produced diagrams. Through standard usability
questionnaires, we also gathered positive responses and attitudes toward the usage of the tool.

Keywords Gamification · UML modeling · Teaching · Information systems

1 Introduction

Class diagrams are one of the instruments provided by
the UML family of visual modeling languages, typically
employed by software engineers, analysts, and developers
during activities pertaining to requirements engineering and
Object-Oriented code development. The diagrams are unan-
imously considered a very useful instrument to provide a
shared understanding of the information and data manipu-
lated by the software, and to create a structure of the software
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that can aid its implementationwith object-oriented program-
ming languages, clearly defining all the required classes and
the relationships among them.

There are, however, diffuse issues with the understand-
ing of class diagram that lead to an under-utilization by
developers and requirements engineering. Among the most
crucial, literature has highlighted the perceived complexity
of the diagrams [1], pressing time constraints in the software
development process [2], a preference for more informal
instruments for documentation [3], and finally a lack of train-
ing and awareness [2]. The latter point suggests the need for
more thorough training in class diagram modeling and an
encouragement for junior developers to engage in this activ-
ity.

Even if class diagram modeling is typically taught as a
part of software engineering programs in Computer Science
curricula, the topic is often seen as secondary with respect
to software design and development. The pedagogy of con-
ceptual modeling education has been extensively studied
in related literature, highlighting a diffuse tendency among
students to repeat some specific categories of errors, and
the necessity of a significant amount of practice to acquire
sufficient proficiency [4]. Several studies in the literature
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have analyzed methodologies and techniques to enhance the
motivation and engagement of students. Tools to automati-
cally generate exercises and variations have been proposed;
however, the generation of new exercises—albeit indeed ben-
eficial for learning—might not be helpful if the activities to
perform are perceived as monotonous and cumbersome. To
intrinsically motivate students in performed activities, Gam-
ification (i.e., the application of game design elements in
non-game contexts [5]) has affirmed and has been deeply
studied in the recent literature as a means capable of having
positive impacts on students’ learning experience and per-
ception of learning activities [6].

The objective of our study is thus to incorporate gamifi-
cation mechanics to the teaching of class diagrams, with the
objective of fostering motivation and enhancing engagement
in software modeling activities. Related software engineer-
ing literature has highlighted that gamification mechanics
may significantly improve the performance in software
development-related activities and the learning outcomes of
computer engineering courses [7, 8].

In this paper, we report the outcomes of the application
of a gamified learning tool in an Information Systems Mas-
ter’s course, within the Management Engineering program
at Politecnico di Torino. The tool, UMLegend, incorporates
state-of-the-art gamificationmechanics that have been exten-
sively validated by literature reviews focused on gamification
in software engineering [9, 10] and includes an evaluation
engine to automatically provide quality feedback to the stu-
dents and ease the instructor’s workload. We evaluate the
advantages of gamification through an empirical experiment,
examining its effects on student productivity and the accu-
racy of the generated diagrams. We also assess—through
questionnaires—the usability of the system and the student’s
perception of the used mechanics. The present paper is the
continuation of our previous work where we conceptualized
the tool [11].

The remainder of the manuscript is structured as follows:
Section 2 provides background information about gamifica-
tion inmodeling languages education, andways of evaluating
UML class diagrams; Section 3 provides a description of the
tool and the gamification mechanics it includes; Section 4
describes the design of the conducted experiments; Section 5
reports the results of the experiment, that are then discussed
in Section 6; finally, Section 7 provides a conclusion and
future research directions in the topic of Gamified software
modeling.

2 Background

In this section, we report background information about
gamification and its application to educational activities in
software engineering. We also discuss possible means of

automatically generating and evaluatingUMLclass diagrams
available in the literature.

2.1 Gamification

Gamification is a field that has witnessed a growing popu-
larity in recent years, not limited to the field of computer
and software engineering. One of the most common defini-
tions of gamification has been provided by Deterding et al.,
as “the use of game design elements in non-game contexts".
The objective of gamification is the use of mechanics that
are typical of game design, to foster specific behaviors and
emotions in people who are performing tasks that are either
work-related or perceived as non-gameful experiences. Gam-
ification therefore seeks to apply the features that engage
people in playing games, to increase the motivation to per-
form activities that are otherwise perceived as uninteresting
or tiresome.

Many frameworks have been described to categorize the
different mechanics that contribute to building gamified
environments. One of the most popular frameworks is the
Octalysis framework by Yu-Kai Chou [12]. The model iden-
tifies eight principal dimensions for gamified mechanics
(namely, the core drives) and discriminates between posi-
tive motivators (i.e., prizes for performing correct actions
or obtaining correct outcomes) and negative motivators (i.e.,
penalties in the opposite situations). Themodel allows devel-
opers to characterize and graphically represent the presence
and relative importance of the core drives in a specific gam-
ified tool or activity.

The eight core drives are defined as follows: i) epic mean-
ing (feeling that one’s activities build to a greater goal); ii)
accomplishment (being motivated by having goals to reach
and progressively discovering new elements); iii) empow-
erment (having the freedom to express oneself and act as
one prefers, receiving feedback after actions); iv) ownership
(possessing and managing goods and items); v) social influ-
ence (interactingwith peers by cooperating and/or competing
with them); vi) scarcity (dealing with rare and desirable
elements that require higher effort and commitment); vii)
unpredictability (encountering different experiences over
time instead of monotonous ones); viii) loss and avoidance
(being careful with one’s actions due to negative conse-
quences and errors).

A second notorious gamification framework is the MDE
framework proposed by Robson et al. [13]: this framework
distinguishes three main components in the form ofMechan-
ics, Dynamics, and Emotions.

Game mechanics are the building blocks that compose
the game experience, are defined by a game designer, and
are fixed for each player for a specific experience (e.g.,
two different players will interact with the same mechanic).
Points, leaderboards, badges, and rewards can be considered
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mechanics. Game dynamics are the desired player behaviors
that are stimulated during play, they depend on how a player
reacts to the game mechanics and are thus variable; emo-
tions are the mental states perceived by a player throughout
the game experience, and are essentially the combination of
how the mechanics are followed and which dynamics have
been generated.

According to the MDE framework, a game designer
should choose and integrate the best mechanics that, depend-
ing on the game context, can stimulate game dynamics that
can trigger the target emotions.

GAME is another framework described by Marczewski
[14] and is based on two phases. The first step is planning
and designing, with a focus on gathering key information
about the target users through surveys, while the second step
consists of designinguser activities andoutcomes.The author
identifies four key constructs to target to increase motivation:
relatedness, autonomy, mastery, and purpose.

Another relevant framework is the MDA framework
(mechanics, dynamics, and aesthetics) [15]: the three con-
structs thatmake up the framework represent the components
of the game, in terms of data and algorithms, the way
mechanics behave depending on player input, and the tar-
get emotional response the game is expected to elicit in the
player, respectively. The process of defining a gamified expe-
rience according to theMDA framework should focusmainly
on the goals that the aesthetics aim to reach and the emo-
tions they should arouse, and only after that should come the
definition of the dynamics that support these goals, and the
mechanics that implement them.

Lastly, the 6D framework described by Werbach and
Hunter [16] is another notorious framework worth mention-
ing. Its name comes from the six steps that compose it:
i) define business goals (listing all objectives, identifying
key ones and their motivation); ii) delineate target behav-
iors (identify the behaviors users of the tool will have and
metrics and win states for each); iii) describe the players
(identifying the users’ skill levels and personality types); iv)
devise activity cycles (defining feedback loops depending on
user actions and progressive challenges); v) do not forget the
fun (making sure that the gamified system is actually enjoy-
able); vi) deploy the appropriate tools (iterative development
to constantly improve the gamified tool).

All the frameworks we described place key importance on
the design phase and on how the mechanics need to reflect
specific goals; among all of them, the Octalysis framework is
the one we deem to be the most balanced, due to its focus on
including negative aspects which are not explicitly consid-
ered by the others. The development of the UMLegend tool
has thus followed the rules identified by such a framework
and aimed at producing a balanced experience, offering both
positive and negative motivators.

2.2 Gamification for software engineering
education

While many corporate applications of gamification mechan-
ics have been described in the literature, a natural application
of gamification is in education and training. Regarding soft-
ware engineering education, gamification has been a natural
choice to increase motivation in activities typically seen
as collateral to actual software development, e.g., software
testing, code quality evaluation, software design, and require-
ments engineering.

Alhammad et al. provided a systematic mapping of the
applications of gamification in software engineering edu-
cation [17]. They underlined that gamification is applied
principally in lab sessions, project works, and lectures of
traditional SE courses. The primary studies found for the
mapping covered different phases of software engineering,
with a focus on software construction, software process
improvement, and software maintenance. Software design
appeared as less fashionable than other software engineering
activities for the application of gamification mechanics.

Gasca-Hurtado et al. [18] describe the pedagogic instru-
ment design (PID), a methodology for creating gamified
teaching environments for software engineering by iden-
tifying the necessary teaching strategies, techniques, and
materials. The PID method is defined as a sequence of five
steps that are intended to produce pedagogic artifacts and are
as follows: i) preparation (the definition of the expected learn-
ing goals and competencies earned); ii) design of the gamified
instrument (rules to achieve the goal, necessary gamemateri-
als, roles for involved players and expected responsibilities,
step-by-step description of how the game should be played);
iii) pilotage (a pilot test run of the game to identify issues);
iv) scheduling (adjusting the gamified tool depending on the
results of the previous step); v) assessment (evaluating the
results obtained with the tool).

Marín [6] describes, through examples of different gam-
ified tools, a set of key lessons derived from applying such
techniques to software engineering education. These lessons
include, for example, the benefits brought by collaboration
on the learning process, the fact that using concrete elements
leads to higher motivation, the need to provide theory sup-
port with lectures before using gamification to teach complex
topics, and the importance of elements such as narration and
story (for enjoyment), in-game rewards (for motivation), and
leaderboards (for self-esteem).

2.2.1 Gamification for UML class diagrams

In more recent years, several studies have been published
discussing the benefits of the application of gamification in
modeling courses. To assess the current state of the litera-
ture and identify the gap that we aim to address with the
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UMLegend tool, we performed a mapping review aimed
at identifying the existing tools and serious games (games
whose intended purpose is not enjoyment but learning [19])
applied to class diagram education.

To build the pool of sources for the mapping, we have per-
formed a quasi-systematic literature research on the Google
Scholar library, by using gamif* class diagram* as the search
string. As exclusion criteria, we have excluded all the papers
that were not explicitly tackling class diagrams, that were not
applying actual gamification aspects or were not related to
serious games, papers in languages other than English, and
grey literature papers (e.g., theses, non-peer reviewed papers
or preprints).

We have enhanced the set of collected papers with con-
venience sampling, e.g., related manuscripts that we already
analyzed or that were present as references inmultiple papers
mentioned in the previous sections. We stopped the research
by adopting an effort-bounded approach, by stopping our
search when a full page of results on the Google Scholar
engine contained 10 papers that had all to be excluded.

The search for the mapping was performed in November
2024: a total of 80 papers emerged from the initial search; of
these, 17 papers were found to be discussing the implemen-
tation of a gamified tool or a serious game for teaching UML;
we then excluded one paper, which we found to be a preprint
and another that was an older work by us authors, where we
described the UMLegend tool in its basic form. The remain-
ing 15 papers constituted the base pool of sources, and we
integrated this set with 7 additional sources, which did not
come out during the search but were identified separately as
relevant for the purpose of our mapping analysis. The full list
of papers, including the excluded papers and the result of the
mapping, is available online.1

We frame the mapping analysis following the guide-
lines defined by Garousi et al. [20] for conducting literature
reviews: the criteria for exclusion were defined and stated
systematically, the goal of our analysis is to identify gami-
fied tools and serious games in the literature for UML class
diagram education, the stopping criteria we decided to adopt
was an effort-bounded one.

Our mapping intends to provide an overview of the
existing tools, the game mechanics they employ, and the
adherence to Octalysis, our reference framework for the
development of gamified tools, in the form of the core drives
implemented in the tool.

Jurgelaitis et al. analyzed the application of gamification
in teaching UML by using a level-based course structure,
involving points, achievements and badges, and leaderboards
[7]. A trading system is also present, where students can
spend the virtual currency they obtain by completing exer-
cises in exchange for example/tutorial diagrams.

1 https://doi.org/10.6084/m9.figshare.25968082.v2

Junior and Farias have presented ModelGame, a quality
model to support software modeling learning in a gamified
way. The model serves as a reference framework so that
instructors can obtain a parameterized way to evaluate UML
models created by learners [21], presents missions and sce-
narios to overcome, and uses progress, points, and feedback
to motivate students.

Bucchiarone et al. presented PapyGame, a gamified mod-
eling environment for Papyrus, and conducted several user
evaluations that highlighted positive results [22, 23]. The
game implements modeling assignments paired with the
Hangman game and offers sequential tasks. Successfully
completing tasks yields points and allows progression in
the game, while failing displays a feedback screen with
highlighted errors. Both works share a consensus about the
positive impacts of gamification on productivity and learning
outcomes for software modeling teaching.

Livovský and Porubän [24] discuss the implementation
of a 2-dimensional adventure game where players navigate
levels, solve challenges, and face enemies to learn object-
oriented topics. An Object Access Tool ties the game and its
elements to a UML class diagram, with two possible ways of
interactions: players can create new classes in the diagram to
generate objects in the game, and can also interact with game
objects to see the corresponding class and execute methods.

Classutopia [25, 26] is a role-playing gamewhere students
act as a futuristic robot battling against an evil wizard. Stu-
dents can customize the robot’s statistics by creating class
diagrams that describe the robot’s features and unlock new
abilities. Players challenge the villain by fixing defective
class diagrams, with correct fixes and errors damaging the
enemy and player, respectively, and color-coded feedback
being shown directly on the diagrams.

Denden et al. [27] describe an online course on Object
Oriented Design Methodology using Moodle. Experience
points are obtained by completing learning activities, bonus
skill points are awarded for finishing optional teacher assign-
ments, completing a quiz on a specific course topic is
rewarded with a badge, and students are ranked in a leader-
board according to their experience points.

GaMoVR [28–31] is a virtual reality environment where
students can solve UMLmodeling exercises by directly rear-
ranging and connecting classes. A Hangman game is offered
as the challenge,with differentmodes: a textual set of require-
ments must be modeled, with errors adding pieces to the
gallows shown next to the model, a time challenge, and a
mode where a diagramwith errors is shown and players must
shoot at the errors. Completing challenges gives experience
points for leveling up, with new levels unlocking new tools
and bonuses for the exercises.

Boughzala et al. describe the use of innov8 [32], a seri-
ous game where players act as business consultants for a
fictional company, collecting information in order to create
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a target class diagram by interacting with the different game
characters. Students create their collective solution, which is
compared to a teacher-defined reference, and receive feed-
back for their resulting diagram.

LearnER [33] is a modeling platform where a textual
description is provided and students build a data model by
picking elements (e.g., class names, multiplicities) related to
the description out of a predefined set. Points can be earned
for each exercise, asking for hints reduces the reward, the
evaluation produces hints and a progress score, leaderboards
for each exercise and the total number of points are also
present.

Krugel andHubwieser [34] present LOOP, an online inter-
active course on object-oriented programming topics with
quizzes, interactive tasks, and programming exercises. A
block-based editor can be used to create class diagrams, and
direct feedback is offered to help students better understand
the theory concepts.

ModelDefenders [35, 36] is an educational tool for teach-
ingmodel-driven engineering that employs amutation testing
strategy: given a class diagram under test, students are
divided into attackers and defenders. Defenders define test
cases (sequences of actions for the model and their expected
output), and attackers make changes to the model to intro-
duce bugs. Mutants are killed if at least one test case has
a different output on the mutated diagram compared to the
original model.

Dupuy-Chessa et al. [37] discuss a serious game with a
Pictionary-like approach: students are divided into two teams
and have to advance on a gameboard by taking turns in select-
ing cards. The cards contain specifications for themodels that
players have to represent, with drawing challenges having
limited time and the possibility receiving limited feedback
and corrections from the teachers.

PolyGloT-UML[38] is described as a combination ofmul-
tiple educational tools (Papyrus web editor, 2-dimensional
virtual environment) where students can take learning paths
and interact with each other in a virtual hub, perform differ-
ent activities defined by the lecturers (e.g., quizzes, modeling
exercises), and complete assignments to earn badges.

Sanjaya and Titan [39] theorize the development of a
mobile application for the gamification of SE topics, includ-
ing class diagrams. Teachers can create interactive quizzes
and case studies about system design and requirements, with
the possibility to define badges, achievements, and rankings,
as well as the conditions to earn them.

We summarize the results of our mapping in Table 1: for
each tool, we state whether the tool is either a gamified tool
or a serious, game, the game mechanics it offers, and which
Core Drives are satisfied.

The results of our mapping show that although there are
different solutions in the literature for teaching UML class
diagrams with gamification strategies or serious games, none

of the existing solutions seem to support the creation of
student-defined solutions: the focus is on static exercises
with pre-defined answers and modeling options. The UMLe-
gend tool we propose is expected to be the first gamified tool
to allow free diagram creation for students, together with
automated evaluation in comparison with a teacher-defined
solution.

2.3 Evaluation of UML class diagrams

Unifiedmodeling language (UML) class diagrams are funda-
mental in software engineering and system design, influenc-
ing how easily systems can be implemented, maintained, and
scaled. Evaluating the quality of these diagrams goes beyond
mere syntax checking; it involves determining their effective-
ness in representing the system, communicating information,
and adhering todesignbest practices. Severalworks in related
literature have proposed means of evaluating the outcome of
class diagrams by comparing them with reference solutions
and/or assessing their inherent syntactic and semantic quali-
ties.

In one of the first works in the literature about conceptual
modeling evaluation, Lindland et al. introduced a framework
for identifying and achieving quality improvement goals in
conceptual models [40]. The framework encompasses syn-
tax, semantics, and pragmatics, focusing on language rules,
model adherence to domain characteristics, and stakeholder
comprehension. While this article provides valuable insights
into model quality, its broad focus on conceptual modeling
rather than UML-specific criteria makes it less suitable for
this study’s specific needs.

Anas et al. introduced a semi-automatic approach for com-
paring student-generated diagrams with teacher-provided
ones using graph-matching techniques [41]. The method
involves preprocessing diagrams into graphs, matching ele-
ments to calculate similarities, and performing formative and
summative evaluations. It employs syntactic, structural, and
semantic similarity measures to assess lexical similarities,
property similarities, and relational similarities among graph
elements. This method has been effective in measuring simi-
larities and detecting differences between various UML class
diagrams.

Sun et al. presented criteria and guidelines for effective
diagram layout to enhance readability [42]. Key criteria
include minimizing edge crossings and bends, grouping
related elements close together, and avoiding overlapping
nodes and edges. The study evaluates how these criteria
improve the readability of diagrams created using tools like
Borland Together and Rational Rose. The focus here is on
the visual layout and its impact on program comprehension,
rather than the content or correctness of the diagrams them-
selves.
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Bolloju et al. aimed at aiding inexperienced analysts to
create high-quality UML artifacts [43]. By analyzing UML
class diagrams produced by undergraduate students, the
study identifies common errors and suggests training pro-
grams to address these issues. The methodology focuses on
syntactic, semantic, and pragmatic quality aspects, providing
a comprehensive framework for evaluating UML diagrams.
This approach ensures that diagrams are not only structurally
correct but also relevant to the domain and understandable
to all stakeholders. The authors define the following quality
aspects for UML class diagrams:

• Syntactic Quality: assess if the class diagrams follow the
syntactic structure of UML class diagrams. The rules ver-
ified for syntactic quality are:

– Missing cardinality details;
– Inappropriate naming of classes and associations;
– Incorrect use of UML symbols.

• Semantic Quality: evaluate the accuracy and complete-
ness of the diagrams in representing the intended domain.
It is measured in terms of: (i) Validity: all elements and
relationships in the diagrams should accurately repre-
sent the domain; (ii) Completeness: the diagrams should
include all necessary elements and relationships. The
rules verified for semantic quality are:

– Incorrect Cardinality;
– Aggregation in place of association;
– Wrong location of attributes or operations;
– Operations cannot be realizedusing existing attributes
and relationships.

• Pragmatic Quality: focus on the understandability of the
diagrams from the perspective of stakeholders. The rules
verified for pragmatic quality are:

– Redundant attributes and associations;
– Specialization with no distinction among subclasses;
– Inconsistency in styling and conventions.

Nikiforova et al. analyzed existing comparison meth-
ods and combined metrics such as Shallow Lexical Name
Similarity and Attribute Similarity [44]. The method pairs
elements from two diagrams based on their semantic mean-
ing, calculates distances between them, and aggregates these
distances into a model difference vector. This vector quan-
tifies the differences between diagrams, allowing for a
systematic comparison of classes, attributes, methods, and
relationships. The approach effectively differentiates dia-
grams based on both naming conventions and structural
differences. The semantical distance defined by the authors
is based on four distinct distance vectors, analyzing the dif-
ferences between the diagram under analysis and a reference

(solution) diagram based on four main aspects: classes and
interfaces, class attributes, methods, and relations between
elements. The higher the resulting distance, the more dis-
tant the proposed solution is from the reference solution; a
distance equal to 0 indicates a diagram that is equal to the
reference solution.

In addition to the aforementioned evaluation rules and
criteria, the literature offers several examples of automated
evaluators for UML class diagrams: one example is UML-
Grade [45], a 6-step approach where teachers define a target
UML class diagram for a set of software requirements and
the evaluation criteria for the student-produced solutions: an
automated comparison between the student and teachermod-
els produces feedback (e.g., scores for each criterion) for both
student and teacher.

Modi et al. [46] proposed a tool that implements theUML-
Grade approach in the Java language: the tool is able to parse
multiple student-generated solutions with a teacher-defined
reference and, by comparing the different source XMI files,
produce text files with the list of correct elements and miss-
ing ones. To the best of our knowledge, the tool has yet to
be employed in a study with real student-produced class dia-
grams.

Another approach was defined by Bian et al. [47], who
described an algorithm for evaluating student-made diagrams
by identifying matches between their elements and those
present in a reference solution. The algorithm uses syntac-
tic, semantic, and structural comparisons to identify matches
between the classes and exploits semantic similarity between
class names to facilitate the process. The algorithm was
implemented in a tool and used to grade a modeling assign-
ment with 20 students: the tool was able to assign grades
within less than a 14% difference compared to the lecturer
of the course.

Wodel-EDU [48] is an educational tool relying on Wodel
[49], a domain-specific language for the creation of mutants
(variants of an existing model generated by performing
different operations such as creating/editing/deleting an ele-
ment). By using Wodel, teachers can define the constraints a
diagram must have for an exercise, and then use the DSL to
automatically perform an evaluation of a student-produced
model according to the constraints.

Fauzan et al. [50, 51] proposed an algorithm for comput-
ing the similarity between two diagrams by taking a semantic
and structural approach: the semantic similarity is computed
by identifying pairs of classes that are most similar to one
another (e.g., similar enough names, most similar attributes
and methods with corresponding types), while the structural
similarity is computed by observing the relationships (asso-
ciations, generalizations, dependencies) between the classes
in the two diagrams and creating graphs that represent them,
who are then compared to obtain the similarity score.
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Fig. 1 Base modeler of the UMLegend tool.

2.4 Automated generation of modeling exercises

Related literature has explored the possibility of auto-
matically generating diagram-based exercises for different
platforms. A prominent example is the research result by
Gomez-Abajo et al. and the aforementioned Wodel-EDU to
automatically generate exercises for diagrammatic languages
[52]. A strong point of the approach is its generalizability,
i.e., the tool is not tailored only for the generation of class
diagram exercises but can be used to generate exercises for
any task involving diagrams, e.g., electric circuits. To obtain
this result, the authors rely on providing a meta-model and
its graphical representation to the tool, and also on providing
possiblemodifications, namelymutants that can be applied to
generate variations of a base exercise. The approach provided
by the authors, however, cannot be directly applied to gener-
ate alternative exercises when the final objective is drawing
a new diagram. It can, in fact, be applied for non-generative
exercises like multiple diagram choice, alternative response,
andmissing word choice. The application of mutations to the
solutions of a diagram can be, however, considered in future
works for the generation of working alternatives of the same
solution, that can be added to the reference solution in order
to capture multiple alternative valid solutions for the same
exercise.

Foss et al. propose a question generation and evaluation
system for UML database design diagrams, called AutoER
[53]. The generated exercises are centered on designing
database schemas capturing the requirements described in
textual problem statements. The tool automatically gener-
ates question variants by randomizing parameters in the
instructor-created questions, such as the number and names

of entities, the textual descriptions of relationships, and the
question text order. The tool also randomizes the question
generation for the exams, allowing for unique problem sets
for each student.

Other approaches have been proposed in the literature for
the automated generation of exercises in several different
disciplines: examples are the works by Sadigh et al., who
analyzed the application of a mutation-based approach to
generate exercises for an embedded systems course [54], or
by Papasalouros, who used a model-based approach for the
automated creation of exercises in Euclidean geometry [55].

3 Tool description

We describe in this section the main concepts that compose
our tool and the adopted gamified mechanics. The tool has
been developed as a React-based web application that imple-
ments the mechanics inside a UML modeling canvas.

This modeling canvas, displayed in Fig. 1, lets students
easily create diagrams through a drag-and-drop functional-
ity: the available UML constructs on the right can be placed
directly on the available space and connected by linking the
blue dots on each element.

The modeler also allows students to download a JSON
representation of their diagram compatible with the original
Apollon editor used as base2, as well as in a PDF or SVG
format.

UMLegend also employs a dedicated admin interface
where teachers can define new exercises by specifying

2 https://apollon.ase.in.tum.de/, last accessed on 04/06/2024
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Fig. 2 Component diagram representing the UMLegend tool.

parameters such as textual description, difficulty level, expe-
rience reward, and reference solution. The reference solution
is determined through a form where teachers can specify all
classes, attributes, and associations that identify the expected
class diagram representation for an exercise.

The admin dashboard can also be used to view the full list
of all students and the saved data for the exercises: the scores
obtained by the students, as well as their current diagrams
and the results of the evaluations performed on them, can be
downloaded to analyze the students’ performance.

A visual representation of how the tool is structured can
be seen in Fig. 2, the web server is a single entity, while
the two clients can be accessed from any device, meaning
that students can resume their work thanks to their account
storing the entire history of their exercises.

3.1 Gamifiedmechanics

The gamified mechanics we have implemented in UMLe-
gend can be divided into mechanics that define the general
user progression and are intended for long-term usage, and
mechanics that affect the context of each specific exercise in
response to a student’s actions.

3.1.1 Long-termmechanics

The long-term mechanics are those mechanics that build up
on the student’s progression as they keep solving exercises on
the tool. They aremeant to give a sense of growth and provide
a representation of a student’s improvement in modeling; an
increasing challenge with higher rewards is used to motivate
students.

Thefirst example of a long-termmechanic is inLevels and
Experience Points: levels represent the natural progression
of a student, increasing as they complete exercises.

Experience is earned when a student completes an exer-
cise by reaching a specific completeness threshold inside an

exercise, with additional bonuses for good performance (e.g.,
completing with a completeness score much higher than the
threshold, or completing in a few checks).

A second mechanic, intended to offer a way for users to
personalize their experience with the tool, comes in the form
of Avatar Customization: when students open the tool for
the first time they have a randomized starting appearance
with variable props such as hair, clothing, facial hair, hair
color, and accessories.

Additional props and props types can be unlocked after
leveling up, providing a reward for completing exercises that
goes beyond just leveling up.

Thefinal long-termmechanic is used to implement student
competition in the form of Leaderboards: students can view
their rankings in comparison with their peers and can also
show off their customized avatar, displaying the rare props
they unlocked by solving exercises.

There are two possible leaderboard types in which users
appear: one ranks them by level first and by experience points
second, while a different leaderboard type, specific for each
exercise, uses the correctness score as a metric.

3.1.2 Exercise-specific mechanics

The exercise-specific mechanics of UMLegend are those
mechanics that depend on the diagrams produced by a stu-
dent when performing an exercise, as they depend on the
evaluation of a proposed diagram solution.

A student can launch an evaluation of their diagram at any
time through a button and see the changes applied to the tool
interface as a consequence of the evaluation.

An impactful mechanic that comes after an evaluation is
Avatar Feedback: a student’s avatar appears on the exer-
cise page and is used to represent the student’s reactions to
the evaluation. The avatar will change expression the more
mistakes are made and the experience reward is reduced,
becoming progressively sadder.

This progressive change in avatar expression is used as a
negative motivator, to deter students from making careless
mistakes and encourage them to be more careful when work-
ing. A crying avatar can be seen in Fig. 3(1).

Indicators are a mechanic that can be used for tracking
the general status of an exercise: they come in the form of
two distinct progress bars, shown in Fig. 3(2).

The first progress bar displays the current completeness
percentage, computed after every check as the number of ele-
ments in the diagram that match an element in the reference
solution over the total elements in the reference solution.
This indicator can be used to gauge the distance toward the
successful completion of an exercise.

The second bar, instead, shows the experience points that
can be obtained once the exercise is completed: the bar starts
at the maximum experience reward for the exercise and is
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reduced in case there are errors found after a check, with
the experience reduction depending on the severity of the
mistakes.

As a way to make solving exercises not excessively frus-
trating, the experience reward has a predefined minimum
threshold which is always granted after completion, no mat-
ter the number of errors; moreover, it is possible to earn back
some of the experience lost when fixing an error found in a
previous evaluation.

The results of an evaluation aremade available for viewing
through the Error Listsmechanic: after performing a check,
these lists will be filled with detailed explanations of the
errors found by the evaluator. Errors are divided into syntax
and semantic errors, and pragmatic warnings, following the
distinction identified by Bolloju et al. Each error type has
a specific color assigned to it, as can be seen in Fig. 3(3),
and the error explanation also contains a reference to the
corresponding element, in case an error depends on a specific
class or attribute.

The color coding of different error types also applies to
the Diagram Feedback mechanic: each element in a dia-
gram that has an error is colored depending on the error type
(orange for syntax errors, red for semantic ones, and blue for
pragmatic warnings); the diagram shown in Fig. 3(4) con-
tains an example of this feedback, with a wrong association
and two wrong attributes.

This mechanic, combined with the error lists, can be used
for identifying with ease which elements in the diagram need
to be fixed and the reason behind the errors. In case all errors
related to an element are fixed that element is restored to the
default coloring.

Lastly, the leaderboard ranking students on the exer-
cise completeness is also accessible directly in the exercise
through the button in Fig. 3(5), which opens a menu contain-
ing the exercise description and the leaderboard.

Students can check their standing in real-time, with their
position being updated directly after every check, allowing
for instant gratification in case they manage to get a high
position.

3.2 Evaluation engine

UMLegend was conceived as a tool that can be used by stu-
dents who are performingmodeling exercises to get feedback
on the correctness of their proposed solution; for this purpose,
a built-in evaluation engine that can parse a UML class dia-
gram for errors and violations in comparisonwith a reference
solution is necessary.

The evaluation process is divided into three steps:

1. The diagram is parsed to ensure that there are no violations
of the syntax rules defined by theUMLclass diagram con-
ventions.Missing values (e.g., a class name or an attribute

type) are replaced with placeholder values for the second
step.

2. The diagram is analyzed again from the semantic point of
view, looking for elements that match those in the refer-
ence solution.

3. The diagram is inspected again, looking for any situation
that is not severe enough to be considered a semantic error
but that can also be classified as a pragmatic warning.

3.2.1 Syntax evaluation

The syntax evaluation is performed by analyzing each ele-
ment of each type (class, attribute, association) and ensuring
that all the necessary constraints are respected. An element
that does not respect one constraint produces an error of a
specific type (depending on the constraint) with which it is
associated, producing a list of errors at the end of the parsing
process. It is possible for an element to have multiple asso-
ciated errors, in case it violates more than one constraint.

Algorithm 1 contains the algorithm of the syntax eval-
uation process, while the full list of syntax rules defining
all the possible violations elements can have is presented in
Appendix A.1.

Input : Diagram elements
Output: List of syntax errors

Define an empty array of syntax errors synErrs;

if there are no classes in the diagram then
Add an error to synErrs for the empty diagram;

return synErrs;
else

Iterate through each type of element in the diagram;

foreach class in the diagram do
Add an error to synErrs for each syntax rule not
respected by the class;

end

foreach attribute in the diagram do
Add an error to synErrs for each syntax rule not
respected by the attribute;

end

foreach association in the diagram do
Add an error to synErrs for each syntax rule not
respected by the association;

end

foreach intermediate class in the diagram do
Add an error to synErrs for each syntax rule not
respected by the intermediate class;

end

return synErrs;
end

Algorithm 1: Syntax Evaluation Algorithm

In case elements aremissing relevant values such as names
or association multiplicities, placeholder values are inserted
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Fig. 3 Exercise page of the tool showing: 1) Student Avatar, 2) Indicators, 3) Error Lists, 4) Diagram Feedback, 5) Exercise Menu.

before performing the semantic evaluation; the elements that
have placeholder values are not considered during the seman-
tic evaluation, meaning that they do not cause an error for not
matching an expected element.

3.2.2 Semantic evaluation

The semantic evaluation has a much higher complexity
compared to the syntax process, mainly because semantic
violations are exercise-specific and require the definition of
a solution structure for each exercise.

This structure defines the elements that are expected to
have an existing match in a student’s diagram and expects
the following:

• A list of class objects. Each class object must have an
identifying name, a list of synonyms for its name, a
weight that indicates whether the class is mandatory
or optional, a list of names that cannot be used for its
attributes, and a list of attribute objects.

• Each attribute object must have an identifying name, a
list of synonyms for the name, a list of allowed types,
and a value that specifies whether the attribute can also
be modeled as a separate class.

• A list of association objects. Each association must have
a name, a list of synonyms for the name, the names of the
source and destination classes, and a list of allowed mul-
tiplicities for both the source and the destination class.

• A list of intermediate class objects. Each intermediate
class object must have the name of the class that acts as
intermediate, and the names of the twoclasses it connects.

• A list of generalization objects, with each object speci-
fying the parent class and the list of classes that act as
children.

• A list of names that cannot be used to name classes (e.g.,
concepts that should not be included such as an applica-
tion or the device on which the software is deployed).

• A list of names that cannot be used to name associations
(e.g., infinite verbs).

• A list of class pairs that cannot be connected through an
association (e.g., concepts that should not interact).

The semantic evaluation identifies matching diagram ele-
ments that match the expected ones by means of string
comparison with the Levenshtein distance: when looking for
a solution class, for example, the name of every class is com-
pared with the reference class name using the distance to
identify the most similar one.

The distance calculation for all types of names also takes
synonyms into account and is normalized to account for the
different lengths of the two compared strings; an element is
considered a match if its name has a distance value to the
expected name (or one of its synonyms) equal or lower than
25%.

The semantic evaluation algorithm, shown in Algorithm
2, follows a similar logic to the syntax evaluation process,
in that it also operates iteratively through both the diagram
elements and the reference solution elements.

3.2.3 Pragmatic evaluation

The pragmatic evaluation is performed at the end of the
semantic one, following the logic defined in Algorithm 3.
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Input : Diagram elements
Output: List of semantic errors

Define an empty array of semantic errors, semErrs;

foreach class in the reference solution do
if there is no matching class in the diagram and the class
weight is STRONG then

Add an error to semErrs;
end

end
foreach class in the diagram that matches a reference class do

foreach attribute in the corresponding reference class do
if the attribute is not present in the diagram class then

Add an error to semErrs;
end
if the attribute is present but its type is not among the
allowed ones then

Add an error to semErrs;
end
if there is a class matching it but the attribute cannot be
modeled as a class then

Add an error to semErrs;
end

end
foreach attribute in the diagram class do

if the attribute name is not allowed then
Add an error to semErrs;

end
end

end
foreach intermediate class in the reference solution do

if either of the two classes it connects do not have a matching
diagram class then

Add an error to semErrs;
end
if there is no matching intermediate class in the diagram then

Add an error to semErrs;
end

end
foreach reference association do

if both source and destination classes have matching
diagram classes then

if there is no association between the source and
destination diagram classes then

Add an error to semErrs;
end
if at least one cardinality value is not among the allowed
values then

Add an error to semErrs;
end

end
end
foreach diagram association do

if there is no matching solution association then
if the association name is not allowed then

Add an error to semErrs;
end
if the association connects two classes that cannot have
an association then

Add an error to semErrs;
end

end
end
return semErrs;

Algorithm 2: Semantic Evaluation

This evaluation is less severe, as it is used to identify small
inconsistencies in a diagram rather than serious errors.

These inconsistencies usually consist of minor and eas-
ily fixable errors such as the diagram missing a class that
is not considered mandatory, having a class that could also
be represented as an attribute of another class, or two refer-
ence classes that should be connected being both present but
without an association.

3.2.4 Limitations

The current implementation of the evaluation engine presents
two limitations: the first, and most relevant, is the fact that it
supports only one solution structure, with its set of classes,
attributes, and associations; an alternative representation of
the same problemwith different classes would be considered
wrong by an automated evaluation but be judged correct by
a human evaluator able to understand the similarities.

The second limitation comes from needing to know and
define all possible synonyms and alternative ways to express
the same concept for all components of a diagram: not con-
sidering a synonym for a class name, for example,may lead to
multiple students using the synonym and erroneously receiv-
ing negative feedback.

3.3 Solution creation

Asmentioned at the beginningof this Section, theUMLegend
tool allows teachers to create reference solutions for the exer-
cises they supply to the students. This procedure is aided by a
dedicated formon the teacherweb pagewhere it is possible to
define the information for the elements expected to be in the
students’ diagrams such as classes (name, synonyms, rele-
vance), attributes (name, allowed type(s), synonyms, class),
associations (name, connected classes, multiplicities), for-
bidden associations, inheritance relationships, and forbidden
names for attributes and classes.

Theprocedure for designing a solution is also supportedby
an editor, identical to the one used for solving the exercises,
where teachers can draw the original solution and define the
basic concepts, which can then be further refined by using the
form. Figure 4 shows how themodeling canvas appears when
creating the reference solution for a new exercise and the
form for editing the solution created in that way, displaying
the classes present in the diagram and their synonyms added
by using the form.

The decision to include a modeling canvas for defining a
reference solution in addition to a textual form was made to
facilitate the process of defining a new exercise, which can be
a long and time-consuming process. We expect the process
of defining a solution with UMLegend to be done according
to the following steps:
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Fig. 4 Modeling canvas for the creation of a reference solution and form for editing the elements of a created solution.

1. Identify a real-world application that can serve as the base
for the exercise. Write a natural language description of
the application, the actors involved, the main concepts
that compose the application, and their characteristics.

2. All professors involved in the definition of the exercise,
who are supposed to be knowledgeable inUMLmodeling,
draft their base solution according to the natural language
description.

3. The solutions are assessed and compared by all professors
together, who converge on a final solution to be used as the
reference. Synonyms for the different elements (classes,
attributes, associations) are defined in this phase.

4. One professor uses the form and modeling canvas to save
the reference solution on the tool, including all synonyms.

The time required for completing this procedure depends
on the expected difficulty of the exercise: we assume that a
fairly skilled professor should take around 1 hour to create
the reference solution of an average-level exercise, and 2-3
hours for harder exercises. The time needed to converge on
the final solution, instead, depends on the number of profes-
sors involved and on the variability between their solutions: if
the proposed solutions are highly different from one another
it may take more time to reach a consensus; we assume a
time window of around 2 hours to define a complete solu-
tion in case of multiple professors. The final step, entering
the solution in the tool, is something that can be done in at
most 30 minutes for highly complex exercises with several
elements in the reference solution.
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Input : Diagram elements
Output: List of pragmatic warnings

Define an empty array of pragmatic warnings, pragWarns;
foreach class in the reference solution do

if there is no matching class in the diagram and the class
weight is WEAK then

Add a warning to pragWarns;
end

end
foreach class in the diagram that matches a reference class do

foreach attribute in the corresponding reference class do
if there is a class matching it and the attribute can also be
modeled as a class then

Add a warning to pragWarns;
end

end
end
foreach intermediate class in the reference solution do

if a diagram class matches the intermediate class that is
connected to the expected source and destination classes is
not defined as an intermediate class then

Add a warning to pragWarns;
end

end
foreach diagram class that does not match a solution class do

if the class name is close enough to the name of a missing
reference class then

Add a warning to pragWarns
end

end
foreach diagram class that is considered unnecessary do

Add a warning to pragWarns
end
foreach reference association do

if source and destination reference classes both have
matching diagram classes then

if there is no association between the two diagram classes
and one of the two reference classes has a WEAK weight
then

Add a warning to pragWarns
end

end
end
foreach diagram association that does not match a reference
association do

if the association is unnecessary then
Add a warning to pragWarns

end
end
foreach reference generalization object do

foreach diagram class that matches a reference child class do
if the diagram class does not have an inheritance
association with a diagram class that matches the
reference parent class then

Add a warning to pragWarns
end

end
end
return pragWarns

Algorithm 3: Pragmatic Evaluation

In terms of skill needed by a professor to be able to define
a reference solution, we assume that the basic skill level
required is that of novice software engineering lecturers, as
we believe being able to teach about conceptual modeling to
be the only necessary prerequisite to create a solution.

Currently, there is no way for teachers to compare their
solutions directly in the UMLegend tool, it is only possible
to produce them through the generic modeler, export them,
and compare them; in the future, we envision the possibility
for teachers to add their proposed solutions directly to an
exercise and the ability to add annotations and suggestions
to the diagrams made by others.

4 Experiment design

We conducted an experiment to investigate the impact of
gamification on student productivity and correctness when
performing UML modeling exercises.

The experiment also aimed at gathering the students’ opin-
ions on the gamified tool’s usability and appreciation, as well
as feedback for improvement.

Table 2 reports our research objectives, which we have
defined following the Goal-Question-Metric template [56].

4.1 Research questions

We define the following research questions to frame the
experiment design:

• RQ1: Does gamification improve the students’ Produc-
tivity in modeling UML diagrams compared to non-
gamified UML modeling? We expect gamification to
provide a more engaging environment which leads stu-
dents to make more changes in their diagrams and have
them evaluated more frequently. We refine the question
further into:

– RQ1.1: Does the application of gamification impact
the Size of the diagrams made by the students?

– RQ1.2: Does the application of gamification impact
the Attempts made by students?

• RQ2: Does gamification improve the Correctness of
the diagrams modeled by the students compared to
non-gamified UML modeling? We expect gamification
to improve student performance by increasing diagram
completeness and reducing the errors made by the stu-
dents.We refine the question further into:

– RQ2.1: Does the application of gamification impact
the Completeness of the diagrams produced by the
students?
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Table 2 GQM template for the
experiment Object of study Learning of UML modeling

Purpose Compare the traditional and gamified approach

Focus Productivity, correctness, student reception

Context Modeling tools

Perspective Teachers

– RQ2.2: Does the application of gamification impact
the Errors found in the diagrams produced by the
students?

• RQ3: What is the students’ Perception of gamified
UML modeling? We assume gamification is positively
perceived by the studentswithmore involvement andwill-
ingness to adopt it.We refine the question further into:

– RQ3.1: What is the perceived usability of the gami-
fied UML modeling tool?

– RQ3.2: What is the appreciation of the gamified
characteristics and mechanics in the gamified UML
modeling tool?

– RQ3.3: What are the issues and improvement areas
for the gamified UML modeling tool?

4.2 Design

We organized the study as a within-subjects 2x2 full facto-
rial (crossover) experiment during which we administered
the treatment (application of gamification) with two distinct
versions: a Vanilla version, with no gamification features,
and a Gamified version with the complete implementation.

We implemented the Vanilla version as a modification
of the Gamified platform without the detailed feedback and
the impact of the evaluation on the various mechanics (e.g.,
experience points, completeness bar, avatar reactions). The
leaderboards also took into account only the scores obtained
when using the Gamified version.

The Vanilla version included the underlying evaluation
engine aswell, but its feedbackwas less precise (e.g., it would
state that at least one elementwasmissingwithout explaining
which one).

Feedback is considered a game mechanic in the different
frameworkswehave considered, particularly according to the
Octalysis classification, which is what we mostly followed
in the design of the game mechanics. However, we deemed it
necessary to include at least a minimum amount of feedback
even in the vanilla version of the tool, since our previous
expertise within a similar study led to very low scores for
the students if feedback was not provided at all [57]. We
therefore consider basic feedback a necessary aspect of a
tool, even if not prominently developed with gamification
purposes, and we compare it against more detailed feedback

Table 3 Experiment design

Task 1 Task 2
Exercise Tool Exercise Tool

Group 1 Exercise A Vanilla Exercise B Gamified

Group 2 Exercise A Gamified Exercise B Vanilla

Group 3 Exercise B Vanilla Exercise A Gamified

Group 4 Exercise B Gamified Exercise A Vanilla

in the fully Gamified solution, to evaluate how such details
might be guiding students toward a more correct solution.

We could have decided to implement the full feedback
for both versions of the tool, but that would have meant not
including the feedback as a gamemechanic, and themechanic
has been found to be effective in the literature.

All the participants received both treatments and per-
formed the two exercises that made up the experiment in
two consecutive tasks, with a task being a combination of
exercise and treatment.

Exercise and treatment were both offered in two possible
orders, leading to a total of four possible combinations,which
we summarize in Table 3.

Each combination of treatment and exercise identified a
group, and we randomly assigned the participants to these
four groups, ensuring that all groups had the same number
of participants.

The two exercises selected for the experiment consisted
of two descriptions of real-life situations that were based on
the use of an Information System and required students to
model a UML class diagram that could adequately represent
the necessary software concepts.

We selected the two exercises among the ones offered in
past exams of the course: the two exercises were judged to
have an average difficulty level and solvable by students at
the end of the course in an adequate way.

4.3 Operationalization of variables

We present in this section the variables we have considered
in our experiment to answer our research questions.

For both RQ1 and RQ2, we considered the Treatment as
the independent variable of interest: we compared the results
obtained by students when using the Vanilla version with
those obtained with the Gamified version.
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Two additional co-factors we have considered as possible
confounding factors for our analysis are the Exercise and the
Group to which we have randomly assigned the students:
we have performed our statistical analysis by comparing the
various metrics according to the possible values of the two
factors.

We have considered two dependent variables to answer
RQ1: the Size of the diagram, computed as the sumof classes,
attributes, and associations found in a diagram, and the num-
ber of Attempts made by a student when performing the
exercise: each separate evaluation, triggered by a student
using the Check button of the exercise modeler, is counted
as an attempt. The number of attempts is counted separately
for both the Vanilla and Gamified versions, starting from 0
when a student first accesses an exercise and increasing for
each check, with no limit to the number of attempts that
can be made. At any attempt if a previously spotted error is
corrected, the experience points are returned to the player.
Otherwise, if the error is still present in the current attempt
and has not been fixed, the penalty in experience points is
doubled. This behavior is applied in the Vanilla version as
well: the changes in experience points are not shown to the
students but are still tracked internally by the tool, to provide
information about a student’s performance in both versions.

We expect both size and number of attempts to increase
with the use of gamification. We imagine in fact that the
presence of several gamified elements can be a powerful
motivator for users to increase the number of modeled enti-
ties and to check the correctness of their solutionswith higher
frequency.

To answer RQ2.1, we have considered the Completeness
of an exercise as the dependent variable, while we consid-
ered three separate metrics for answering RQ2.2: these three
metrics relate to the Syntactic and Semantic Errors, and the
Pragmatic Warnings found in the students’ diagrams.

We expect an increase in completeness in the Gamified
version against the Vanilla version, as well as a reduction in
the three error metrics.

To answer RQ3.1 and to assess how students perceived
the gamified experience we made use of the TAM [58] and
GAMEX [59] questionnaires.

The technology acceptance model (TAM) is composed
of questions that evaluate four high-level constructs related
to users’ perception of a system: perceived usefulness (PU),
howmuch an individual believes that using the systemwould
improve their performance; perceived ease of use (PE), how
much an individual believes that using the system would
require little mental and physical effort; behavioral intention
to use (BI), the measure of how much an individual would
be inclined to behave in a specific way; attitude toward usage
(ATU), the measure of how much a user would desire using
the system.

The GAMEX questionnaire is used to evaluate six differ-
ent aspects of a gamified experience: enjoyment, absorption,
creative thinking, activation, possible negative effects, and
dominance.

To answer RQ3.2 we defined a questionnaire that asked,
for each gamifiedmechanic, a set of five questions that aimed
at assessing the students’ opinions on the mechanic’s per-
ceived usefulness, influence, satisfaction, motivation to use,
and provided distraction.

The questionnaires used forRQ3.1 andRQ3.2 all accepted
answers in the form of a Likert scale ranging from 1 (strongly
disagree) to 5 (strongly agree); we performed a qualitative
assessment of the distribution of the answers to each ques-
tionnaire to identify the general student opinions on the tool
usability, on the gamified experience, and on the mechanics.

Lastly, we included one open question to answer RQ3.3:
students could use this question to report any issue they had
encountered, aswell as suggestions on howUMLegend could
be improved.

Appendix B lists the full questionnaire in the same order
as it was provided to the students.

4.4 Participants

The study involved 280 participants, recruited through con-
venience sampling among the students enrolled in aMaster’s
level Information Systems course taught at Politecnico di
Torino in the 2023-2024 academic year.

Participation in the experiment was optional, and to
encourage students to take part in the study we awarded them
two additional points to their final exam grade. Out of the 280
participants, we had 163 male and 117 female students.

4.5 Instrumentation

For the experiment, we implemented a modified version of
UMLegend with two exercises and two modes of execution
(Vanilla and Gamified). We provide an online Docker image
that contains the tool used for the experimentation for repli-
cation purposes3.

The experiment was conducted during lecture hours at
Politecnico di Torino in January 2024: the tool was deployed
on a website to make it easily accessible for the students.

The tool was also set up to automatically collect the exer-
cisemetrics and diagrams after every check performed by the
students; this data was then retrieved after the experiment for
our analysis. The data are available as an online resource4.

3 https://hub.docker.com/r/giacomogaraccione/umlegend_replication
4 https://doi.org/10.6084/m9.figshare.25968082.v2
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4.6 Hypotheses

To answer the research questions derived fromRQ1, we have
formulated the following null hypotheses:

• Hs0 : The application of gamification has no statistically
significant impact on the size of the diagrams produced
by the students

• Has0 : The application of gamification has no statistically
significant impact on the number of attempts (diagram
evaluations) made by the students

The null hypotheses we have formulated for answering
RQ2 and its sub-questions are:

• Hpr0 : The application of gamification has no statistically
significant impact on the completeness of the diagrams
produced by the students

• Hsyn0 : The application of gamification has no statistically
significant impact on the number of syntax errors made
by students

• Hsem0 : The application of gamification has no statisti-
cally significant impact on the number of semantic errors
made by students

• Hprag0 : The application of gamification has no statis-
tically significant impact on the number of pragmatic
warnings raised by students

We chose a nonparametric approach to test our hypothe-
ses, anticipating that most variables would not follow a
normal distribution. All statistical analyses were conducted
using the R statistical tool [60].

The analysis approach we adopted follows the guide-
lines defined by Vegas et al. [61] for analyzing full factorial
crossover experiments: we used a repeated measures linear
mixed model (ANOVA) test which compared the metrics
depending on the treatment (Vanilla or Gamified version of
the tool). Exercise and group assignments have been consid-
ered as possible confounding factors that may threaten the
validity of our experiment.

We also adjusted the significance level through Bonfer-
roni correction to account for the multiple comparisons we
performed in our analysis and to counteract the risk of mul-
tiple (n = 6) statistical tests increasing the chance of false
positives (Type I errors); the p-value threshold we consider
as statistically significant is αC = α/n = 0.0083.

Regarding RQ3, which was evaluated using a question-
naire with answers that are not easily analyzable using
statistical hypothesis testing, we opted instead for descrip-
tive statistics, reporting the results using stacked diverging
bar charts [62] for the Likert-scale questions related to RQ3.1
and RQ3.2.

Lastly, to answer RQ3.3, we analyzed the answers to the
final open question according to the Straussian Grounded
Theory approach [63], more specifically, the open coding
approach.

With our analysis, we aimed to identify the topics in the
students’ answers, and then group the answers depending on
their topics. We describe the process and the distribution of
roles below, following the guidelines by Stol et al. [64] for
applying grounded theory to software engineering.

Our open coding process consisted of analyzing each
answer singularly, searching among the already identified
topics for one that was compatible with the answer; if there
was a compatible one then it would be assigned to the answer,
while if there was no compatible topic wewould define a new
topic and assign it to the answer. This led to the creation of
an incrementally growing set of topics.

The second step of our analysis, performed after assigning
a topic to each answer and finalizing the set of topics, con-
sisted of a second review of the answers where we assessed
whether the assigned topic was still appropriate or if there
was a more suitable one.

Lastly, after confirming the most suitable topic for each
answer, we reviewed the entire pool of answers for a third
time to identify answers that could have more than one suit-
able topic, leading to some answers having more than one
assigned topic.

The open coding process described above was performed
by one of the authors: the set of topics, and the assignment of
topics to each question were then reviewed by all the authors
to reach a final consensus.

4.7 Threats to validity

Wediscuss the potential threats to the study’s validity accord-
ing to the four categories defined by Wohlin et al. [65].

Threats to Internal Validity concern internal factors that
may affect a dependent variable that our study did not con-
sider.

The crossover design can introduce fatigue and learning
effects due to consecutive task execution. Carryover effects
are possible as the second task might be influenced by the
first. Using tools with a common base may result in learning
effects that impact the second task. Different exercise diffi-
culties could yield different results, and one exercise might
be easier. The students’ motivation due to extra course points
is not considered a threat.

As a prominent internal validity threat, we must also
consider the limited amount of correct alternatives to the
reference solution employed in the automated assessment.
These limited alternatives may introduce a (negative) bias
in the evaluation of the analyzed responses to the modeling
tasks. The threat has been mitigated, as of now, by manu-
ally defining valid synonyms for each considered solution,
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and by allowing basic syntax and grammar differences in the
submitted exercises.

Additionally, the choice to consider the feedback a game
mechanic and distinguish between generic and specific indi-
cations for the two versions of the tool may have impacted
the results, reducing the effect in scores between the vanilla
and gamified versions.

Threats to External Validity concern whether the study
results can be generalized rather than be applicable only to
the specific sample of participants involved.

The results might not generalize beyond the specific sam-
ple of participants, as students with different UMLmodeling
skill levels could produce different outcomes. The benefits
observed in the university course context may not apply to
real-world modeling situations.

Threats to Construct Validity concern the extent to
which the measures selected for the study represent the
observed construct.

The selected metrics for answering research questions
may not be the most effective. For productivity, we could
have measured the time spent on each exercise, but it does
not necessarily correlate with correctness. For correctness,
the rules selected might not be the most effective, and differ-
ent methods of measuring semantic correctness could yield
different results.

Threats to Conclusion Validity concern the ability to
conclude from the study results.

We used nonparametric statistical tests with minimal pre-
requisites, and all measures were collected automatically to
avoid human errors. Random allocation of participants to dif-
ferent groupsmight have introduced confounding factors, but
the distribution of skill levels makes this threat improbable,
though it cannot be entirely ignored.

5 Results

5.1 RQ1-Productivity

InTable 4,we report theminimum,maximum,mean,median,
and standard deviation for the metrics selected to answer
RQ1, e.g., the size of the final diagram submitted by stu-
dents for each exercise and the number of attempts made by
the students. Metrics have been computed for both possible
treatments (Vanilla tool vs Gamified tool).

Figure 5 shows combined box plots and violin plots for
the distribution of values of the two metrics depending on
the treatment.

By observing the two plots, we see that the average num-
ber of submissions is higher for the Gamified version of the
tool, meaning that students are more encouraged to evaluate
their diagrams when there are gamification mechanisms con-
nected to such an action; regarding the average size, however,
the mean value is higher for the Vanilla version, meaning that
students produce smaller diagrams when adopting gamifica-
tion.

We performed an ANOVA test on the mean values of the
two Productivity metrics to assess whether there is a statisti-
cally significant impact of the treatment. The results of each
test, with the corresponding null hypothesis, are presented in
Table 5.

We observe that the p-value for hypothesis Hs0 is not sta-
tistically significant, meaning that we cannot reject the null

Table 4 Maximum, minimum, average, and median scores for produc-
tivity metrics

Min Max Mean (SD) Median

Size (V) 9 64 34.61 (9.09) 33

Size (G) 3 69 34.18 (9.40) 32

Attempts (V) 0 35 5.68 (5.00) 3

Attempts (G) 1 43 6.66 (7.16) 4

Fig. 5 Box and violin plots for productivity metrics.
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Table 5 Null hypotheses for RQ1 and p-values of the applied ANOVA
univariate tests (α = 0.0083)

Hypothesis p-value Decision

Hs0 0.577 accept

Has0 2.45e-03 reject

hypothesis: applying gamification to UML modeling does
not affect the size of the diagrams produced by the students.

The p-value related to the number of attempts, however, is
statistically significant: the higher mean number for the met-
ric associated with the Gamified version of the tool means
that adopting gamification encourages students to evaluate
their solutionsmore frequently; we can thus reject hypothesis
Has0 and assert that gamification has a statistically signifi-
cant positive impact on the number of attempts made by the
students, leading to an increased commitment.

The only statistically significant result that comes from
analyzing the confounding factors is the Exercise affecting
the diagram size (p-value = < 2e-16), with Exercise B hav-
ing a much lower average size compared to the other (30.23
against 38.57); we calculated the sizes of the two reference
solutions and found a disparity between the two sizes, with
Exercise A having a total of 43 elements and Exercise B a
total of 32.

The difference in the average sizes obtained by the stu-
dents is in line with the difference between the sizes of the
two reference solutions; however, the fact that one exercise
requires a significantly higher number of elements in compar-
ison with the other may imply that the two exercises, whose
difficulty we expected to be similar, may have different diffi-
culty levels, with Exercise B being easier by requiring fewer
elements.

Summary (RQ1): The statistical analysis found that gam-
ification has no statistically significant impact on the size
of the diagrams made by the students. There is, however,
a statistically significant increase in the number of attempts
made by the students with the gamified version, meaning that
they tend to evaluate their solutions more frequently. It can
be assumed that gamification increases student commitment.
The statistically significant impact of the Exercise variable
on diagram size may imply that one exercise was easier than
the other, and this may affect the validity of our conclusions.

5.2 RQ2–Correctness

InTable 6,we report theminimum,maximum,mean,median,
and standard deviation for the metrics selected to answer
RQ2, that is, the Completeness obtained by the students
when performing the two exercises and the errors made by
the students, divided into three separate categories (syntax,

Table 6 Maximum, minimum, average, and median scores for correct-
ness metrics

Min Max Mean (SD) Median

Completeness (V) 0 98 42.54 (13.09) 44

Completeness (G) 9 95 47.21 (13.18) 46

Syntax errors (V) 0 31 5.4 (6.48) 3

Syntax errors (G) 0 32 3.79 (5.51) 1

Semantic errors (V) 2 18 9.64 (2.91) 9

Semantic errors (G) 2 18 8.71 (2.69) 8

Pragmatic warnings (V) 0 8 2.05 (1.54) 2

Pragmatic warnings (G) 0 10 2.20 (1.61) 2

semantic, and pragmatic). Similarly to how it was done for
RQ1, metrics are computed depending on the different treat-
ments.

Figure 6 shows combined box plots and violin plots for
the distribution of values of the two metrics depending on
the treatment.

At first glance, the distribution of metrics displays better
results for what concerns the Gamified version of the tool:
the average completeness is around 5% higher compared to
the Vanilla version, indicating a better student performance,
on average.

The distribution of errors shows similar results: the aver-
age number of both syntax and semantic errors is higher
for the Vanilla version, meaning that the use of gamification
helped students make fewer errors; the same cannot be said
for pragmatic warnings, which show a higher mean number
for the Gamified version.

We performed an ANOVA test on the mean values of the
four Correctness metrics to assess whether there is a statisti-
cally significant impact of the treatment. The results of each
test, with the corresponding null hypothesis, are presented in
Table 7.

We observe a statistically significant effect of gamifica-
tion on the average completeness obtained by the students:
this result, combined with the higher mean score obtained
with the Gamified version of UMLegend, implies that gam-
ification has a positive statistically significant effect on the
exercise completeness, meaning that we can reject the null
hypothesis Hpr0 .

The ANOVA test on syntax errors yielded a significant
p-value, meaning that gamification has a statistically signif-
icant impact on the metric; the lower mean value for the
Gamified version implies that this effect is positive and that
gamification can reduce the number of syntax errors made
by students. We can thus reject Hsyn0 .

A statistically significant p-value can also be observed
when comparing semantic errors between the two versions:
the fact that semantic errors made with the Gamified version
are, on average, fewer than the ones made with the Vanilla

123



258 G. Garaccione et al.

Fig. 6 Box and violin plots for the four Correctness metrics.

version means that gamification has a positive statistically
significant impact, and hypothesis Hsem0 can be rejected.

No significant effect was found on the pragmatic warnings
obtained by the students, meaning that it is not possible to
reject Hprag0 .

For what concerns confounding factors, we observe that
the resulting p-values are statistically significant for all
dependent variables when considering the Exercise as inde-
pendent variable, with p-values being < 2e-16, 2.76e-06,<
2e-16, and 6.82e-10 for Completeness, Syntax Errors,
Semantic Errors and Pragmatic Warnings, respectively.

The average completeness is around 10% higher for Exer-
cise B compared to Exercise A, while syntax, semantic, and
pragmatic errors are, on average, lower for Exercise B. This
reinforces the idea that Exercise Bmight be easier than Exer-
cise A, leading to a possible influence on the results of our
experiment.

None of themetrics have obtained a significant p-value for
what concerns the Group, so we can assert that the treatment
combination had no impact on the student performance and
that any learning effect had no significant effect.

Summary (RQ2): The statistical analysis identified an
increase in exercise completeness with the Gamified ver-
sion of the tool, compared to non-gamified UML modeling.
The usage of gamification also reduced the number of syntax
and semantic errors made by students, implying an overall
positive effect of gamification on the correctness of student
diagrams. The Exercise had a statistically significant impact
on all four dependent variables, with Exercise B obtaining
better performance, on average. This further reinforces the
hypothesis that the two exercises had different difficulties,
possibly impacting the validity of our findings.

5.3 RQ3-Student perception of the gamified
experience

5.3.1 RQ3.1-Perceived usability

We evaluated the perceived usability of the UMLegend tool
with the TAM questionnaire and the general perception of
the gamified experience with the GAMEX questionnaire.

The analysis of the answers given by the students was
done by computing the mean value of the answers that made
up each questionnaire construct for each student; this mean
value was then considered as the general opinion of the stu-
dent for the construct.
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Table 7 Null hypotheses for RQ2 and p-values of the applied ANOVA
univariate tests (α = 0.0083)

Hypothesis p-value Decision

Hpr0 2.96e-05 reject

Hsyn0 1.62e-03 reject

Hsem0 9.80e-05 reject

Hprag0 2.59e-01 accept

Fig. 7 Distribution of the answers to the TAM questionnaire.

We present the distribution of answers to the TAM
questionnaire in Fig. 7: the distribution of opinions is encour-
aging, with at least half of the participants answering at least
Agree to all four constructs.

Moreover, negative opinions seem to be uncommon: the
Perceived Usefulness is the one with the highest negative
percentage, and the remaining three constructs have negative
answers in the range 1–7%.

The high amount of positive answers, and the low distri-
bution of negative ones, let us affirm that the UMLegend tool
has been perceived successfully from the usability point of
view.

The answers to the GAMEX questionnaire, which we
report in Fig. 8, are more neutral: four out of the six con-
structs have answers with positive answers ranging from 14
to 24%, with negative answers being more common.

The only construct with a high amount of positive answers
is Enjoyment with a 49% positive distribution: this can be
interpreted as UMLegend being perceived as a fun and inter-
esting tool to use for modeling; additionally, the high amount
of negative answers forPossible Negative Effects is a positive
result, as it means that a small percentage of students (6%)
perceived the tool as frustrating or detrimental.

The remaining four constructs highlight the perceived lim-
itations of the gamified experience: freedom of action and
creative thinking are not completely supported, and students
do not tend to feel completely immersed in the activity.

Fig. 8 Distribution of the answers to the GAMEX questionnaire.

Summary (RQ3.1): The answers given to the TAM ques-
tionnaire show an overall positive appreciation of UMLe-
gend: all four constructs have obtained positive answers by
at least half of the participants, and negative answers are quite
rare, with 13% being the highest number; the Perceived Ease
of Use is particularly encouraging, with only 1% of the par-
ticipants finding the tool hard to use. The answers given to the
GAMEX questionnaire, instead, are more toward the neutral
side, showing that the gamification side of the UMLegend
tool still needs improvements. The high number of positive
answers to Enjoyment, and of negative answers to Possible
Negative Effects, however, imply that the experience, while
not complete, is perceived as fun, not frustrating, and enjoy-
able.

5.3.2 RQ3.2-Appreciation of gamifiedmechanics

To assess the appreciation of gamified mechanics, we
have defined a specific questionnaire that focuses, for each
mechanic, on five separate aspects: perceived usefulness,
influence, satisfaction, motivation to use, and provided dis-
tractions.

We computed, for each mechanic, the mean value of the
answers given by each student to obtain the distribution of
answers and assess the general feeling toward themechanics;
however, we considered the opposite of the score assigned to
the provided distraction question when computing the aver-
age score (e.g., in case of a Strongly Disagree answer, we
considered a Strongly Agree value instead, to offset the neg-
ative connotation of the question).

The distribution of answers for the gamified mechanics is
reported in Fig. 9: we observe that the three most appreciated
mechanics, all with at least 50% positive answers and less
than 10% negative answers, are those that are most helpful
when performing the exercise (Error Lists, Indicators, and
Diagram Feedback).

The remainingmechanics also showpositive distributions,
with the least appreciated one being the Exercise Leader-
board with 34% positive answers: we can deduce that such a
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Fig. 9 Distribution of answers related to the different game mechanics.

feature was not considered too relevant by the students, and
that offering a live view of their standing does not provide
additional benefits.

Lastly, Avatar Customization, the second least appreci-
ated mechanic, is also the one with the highest percentage of
negative answers (27%): this result may be connected with
the fact that the experiment was conducted in a single ses-
sion, and also the fact that some avatar props need to be
unlocked by leveling up, which not all students managed to
do. We have imagined avatar customization as more of a
long-term feature, so it makes sense that it was not appre-
ciated in the context of a single session. In future work, we
might as well investigate the possibility that the presence
of cartoon avatars—even if widespread in related works in
the literature—mightmake the students consider the learning
activity trivial or even childish.

Summary (RQ3.2): The distribution of answers related to
the game mechanics shows that students appreciate the most
the mechanics that guide them toward successful exercise
completion by providing clear and direct feedback on what
they need to improve. The mechanics conceived to be used
longitudinally have shown to be less appreciated in a single
session.

5.3.3 RQ3.3—Issues and improvement areas

We present in Fig. 10 the results of the open coding we
performed on the answers given to the open-ended ques-
tion asking for the students’ opinions. Out of the 280 total
answers, we identified 142 answers that did not contain any
meaningful issue or suggestion; these answers were thus not
considered during the analysis, leading to a total of 138 con-
sidered answers.

The most common topic found in the open question (38
answers) pertains to the need for an improvedUMLmodeler:
the modeler was implemented with the open-source Apollon
library, which is constantly being updated5; the implementa-

5 https://github.com/ls1intum/Apollon_standalone, last accessed on
31/05/2024
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Fig. 10 Topics found in the open-ended question after performing open
coding on the answers.

tion lacked relevant features that students were used to such
as a detailed class editor with which they could easily spec-
ify attributes and methods, and association management was
also thought of as complex and unfriendly.

Other common topics include improving the feedback
mechanism to explain errors more in detail and a general
rework of the user interface to have the exercise text visible
together with the modeler, or having the possibility to select
text from the exercise and create classes directly from the
selection.

Less common topics that areworthmentioning include the
need to rework the experience assignment, either by reducing
the penalty for errors or by having errors reduce experience
only the first time they are made, and a change in the eval-
uation engine so that there is more variance in the allowed
solutions.

Summary (RQ3.3): The open coding analysis showed
that UMLegend, while appreciated in its general usability,
needs improvements in its user interface and, most impor-
tantly, in the way the modeler is implemented, as the current
implementation is perceived as unfriendly and hard to man-
age. Other relevant topics that emerge are the need for an
improved evaluation system that offers more correct alterna-
tives, the need for more detailed and precise feedback, and a
rework of the experience system so that it is more forgiving
and less frustrating.

6 Discussion

For this study, we assessed whether using gamification can
bring benefits in terms of student commitment in UML
modeling, and measured several key takeaways regarding
the size of the generated diagrams, the number of attempts
performed by the students, the correctness—in terms of syn-
tactic, semantic and pragmatic errors.
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6.1 Key takeaways of the study

Regarding diagram size, we found that gamification had no
statistically significant impact, meaning that there was no
benefit brought by the game mechanics on that front: the
detailed feedback and the presence of rewarding elements
for correctly modeled elements were not enough to bring
significant changes in terms of elements added or removed.

There was, however, a statistically significant impact on
the number of attempts as students performed, on average,
more checkswhenadoptinggamification:weassume that this
came as a consequence of the two indicators (exercise com-
pleteness and experience rewards) being directly connected
to submitting a correct diagram; the presence of mechanics
that change after new submissions leads to increased student
commitment.

We evaluated correctness by considering four dependent
variables: the exercise completeness, computed as the num-
ber of correct elements in a student’s diagram over the total
number of expected elements, the number of syntax and
semantic errors found in a diagram, and the number of prag-
matic warnings raised.

The results of the ANOVA test applied to exercise com-
pleteness showed a statistically significant increase when
applying gamification: we consider this result a beneficial
effect of the various mechanics on student performance, as
they managed to produce more complete diagrams thanks to
the assistance of detailed feedback, indicators, and visible
effects of their changes such as avatar feedback.

A statistically significant effect was also found for both
syntax and semantic errors: for both, the gamified version led
to fewer errors, suggesting that detailed error explanations
and mechanics tied to making and correcting errors lead to
better performance.

Regarding pragmatic warnings, we found that there was
no statistically significant difference between the vanilla and
gamified approaches: the fact that pragmaticwarnings are not
considered errors, but instead suggestions on how to better
model certain concepts, may have influenced this result, as
students may have felt less compelled to fix their pragmatic
warnings, as there was no benefit in doing so.

We considered, as possible confounding factors for the
analysis, the two exercises solved by the students and the
combination of exercise and treatment, which translated to
the group in which students were randomly assigned.

The analysis based on the exercise as an independent vari-
able showed significant differences in diagram size, exercise
completeness, syntax and semantic errors, and pragmatic
warnings: Exercise B obtained, on average, a smaller dia-
gram size; we assume that an average smaller size may imply
that the two exercises, which we assumed had a similar level
of difficulty, actually had different levels, and this may influ-
ence the conclusions we can draw.

This assumption is further reinforced by the analysismade
on the four Correctness metrics: the mean values showed a
generally better performance obtained on Exercise B, with
average completeness being higher and the three error met-
rics being lower for said exercise; the lower difficulty of
Exercise B appears evident by observing the generally better
results obtained by the students.

The cross-factorial structure of the experiment does coun-
terbalance this disparity in difficulty: as students were
randomly assigned to one out of four combinations, we did
not have a situation where the easier exercise was performed
with just one treatment, balancing the effect of the Exercise.

The analysis focused on the group showed no statistically
significant impact on any of the six metrics we analyzed,
which means that there was no learning bias, as well as no
fatigue effect influencing the results.

We gauged the students’ perception of the gamified expe-
rience by analyzing three constructs: the perceived usability
of UMLegend, the appreciation of the gamified mechanics,
and the issues and improvement areas identified in the stu-
dents’ opinions.

For the perceived usability, we adopted the TAM and
GAMEX questionnaires and analyzed the answers by con-
sidering the mean answers for each questionnaire construct.

The answers to the TAM questionnaire were overall pos-
itive, as at least half of the students agreed on the four
constructs. Perceived ease of use and Attitude toward usage
were the most appreciated constructs, showing that the tool
was well received by the students, with a high perceived
usability.

The answers given to the GAMEX questionnaire, how-
ever, were more toward the neutral side: a high amount of
the participants agreed that using the tool was enjoyable and
free of negative effects, but other constructs did not achieve
similar results. The UMLegend tool was generally perceived
as something that does not offer full freedom of action, is not
immersive, and does not allow enough creative thinking.

To assess the appreciation of the gamified mechanics, we
defined a questionnaire that asked, for each mechanic, the
students’ opinion on its perceived usefulness, influence, sat-
isfaction, motivation to use, and provided distraction. The
most appreciated mechanics were those that offered direct
feedback after the students’ actions and helped guide them
toward improving their execution of the exercises.

The mechanics that were imagined for long-term usage,
as a consequence of the experiment consisting of a single ses-
sion, were not appreciated in the same way; we expect that
future longitudinal use of UMLegendwould see an increased
appreciation of leaderboards, levels, and avatar customiza-
tion.

Lastly, the students’ opinions showed a need to improve
the user interface of the tool and, most importantly, to change
the classmodeler itself tomake it easier to use and in linewith
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standard editors: changes on how classes are represented and
edited, as well as the option to select text from the exercise
and directly create classes were among the most common
requests.

Other topics of interest come from how the evaluation
engine is implemented: currently, only a single reference
solution is allowed, with enough variation in the synonyms,
but different combinations of classes and attributes may be
possible for the same problem, and this issue was raised
by students. Improvements in the feedback, more forgiving
experience management, and changes in the mechanics were
also requested, although not as commonly.

Overall, we deem that the described results suggest that
gamification is beneficial in the context of UML class dia-
grams and motivation. The students’ positive answers to the
GAMEX questionnaire testify to a favorable opinion of the
gamified approach, an increased motivation, and a higher
commitment to completing exercises and diagrams. This
increased motivation is paired with improvements in seman-
tic quality, which suggests a better adherence to modeling
standards forUMLclass diagrams. The educational improve-
ments are paired, in the context of the describedgamified tool,
with an automated evaluation system capable of easing the
workload for instructors, by handling diagram validation and
providing detailed feedback for the learners.

6.2 Current limitations and research directions

In the current version of the tool, the generation of the
exercises (both the textual requirements and the reference
solution) is performed as a completely manual task by the
instructors. This aspect limits a possible large-scale utiliza-
tion of the tool for two reasons: (i) the generation of new
exercises requires themanual definition of requirements; and
(ii) at the present time, only a single reference solution is con-
sidered correct when the students’ responses are analyzed.
The definition of the solutions is a task that has to be carried
out by the instructor as described in Section 3.3 of the present
manuscript. This necessary manual intervention can be seen
as an important limitation for the scalability of the tool, espe-
cially if it is required to generate multiple diverse exercises
to provide variability among different (sets of) students in
the same class.

In future versions of the tool, we intend to explore the pos-
sibility of including an automated mutation-based approach
(like those discussed by Gomez-Abajo et al. [52] or by Foss
et al. [53]) for the generation of variations of the exercises,
and for the generation of additional acceptable solutions. It
is worth underlining, however, that the majority of research
effort in mutating class diagrams is aimed at generating
incorrect variations starting from a correct diagram, and not
equivalent ones (as in [53]). The identification and gener-

ation of diagram equivalents can therefore be considered a
promising research alley in software modeling gamification.

AI-based systems, like large language models, can also
be considered as a valid source for the generation of alterna-
tives to the exercisesmanually defined by the instructors. The
inclusion of an automated generation of variants would con-
stitute a significant improvement because it would increase
the efficiency inmaking new exercises available for students,
and the fairness in evaluating their responses. Both aspects
would make the tool more usable for educators and more
dependable in a context where the students are numerous
and the automated assessment is taken as a component of
the students’ grades (e.g., in the context of a final exam of
a modeling course). Finally, word and sentence-embedding
approaches can be used to provide a more dependable evalu-
ation of the similarity of a provided solution to the reference
one,which is bynow limited to exact text comparisons.LLMs
have shown to be particularly effective at semantical analy-
sis [66], so we imagine that integrating them with the tool
should vastly improve its overall performance.

Apossible contribution that canbeperformedby researchers
in the field is the establishment of an open-source repository
of software engineering exercises—not necessarily related
to class diagram modeling. Such a repository would be
extremely valuable to the community since—to date—it is
considerably difficult to find in textbooks and related litera-
ture sets of exercises covering all the aspects of class diagram
modeling, or multiple variations of exercises with different
semantic requirements but with comparable difficulty.

Finally, researchers in the field of gamification of soft-
ware modeling may build upon the results of the present
study—and similar ones—to explore additional gamifica-
tion mechanics that are less covered in the related literature
(such as social influence, which is typically more covered
in serious games rather in gamified solutions, and scarcity
and avoidance, that are typically neglected in favor of white-
hat gamification mechanics), and/or conduct experiments in
different contexts than a controlled academic setting with
graduate students.

7 Conclusion and future work

In this study, we have investigated whether gamification can
be effectively used as a way to improve student performance
in UML class modeling. For this purpose, we developed
UMLegend, a gamified modeling tool with diagram evalua-
tion capabilities, and performed an experiment with students
of aMasters’ Degree Information Systems course; the exper-
iment aimed to assess whether gamification can lead to
improvements in the quality of the produced diagrams, as
well as to gauge the reception of a gamified modeling tool
for future classroom usage.
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Theexperiment showed that gamification leads to increased
student commitment, as students felt more inclined to use the
evaluation functionality of the tool with the gamified version
of the tool, which tied successful modeling with in-game
rewards and offered direct feedback on the errors.

Moreover, adopting gamification also led to an increase in
the correctness of the produced diagrams, with the gamified
version having, on average, a higher completeness percent-
age (number of correct elements over the total expected ones)
and fewer syntax and semantic errors.

The students’ perception of the experience was, overall,
positive: UMLegend was seen as a highly usable and enjoy-
able tool, while also being judged as not frustrating to use;
the gamified experience, however, was not seen as particu-
larly complete, as students did not feel fully in charge and
able to express their creativity completely.

The gamifiedmechanics were well received, with the ones
directly tied to successful exercise completion and giving
direct feedback being the most appreciated; mechanics con-
ceived for long-term usage were not appreciated, due to the
experiment consisting of a single session.

The students’ opinions showed that UMLegend needs
important changes in its modeling interface, which was con-
sidered unfriendly and detrimental to the overall enjoyable
experience, in its experience management system, consid-
ered at times to be excessively unforgiving, and in its
evaluation engine, limited to a single reference solution.

Future plans regarding UMLegend involve:

• Reworking the evaluation engine so that multiple refer-
ence solutions can be allowed, instead of just a single
one, with an extended degree of variations in classes,
attributes, and alternative modeling choices. Allowing
multiple semantical interpretations will make the experi-
ence less frustrating for students.

• Implementing interactions with large language model
agents for the definition of reference solutions, the evalu-
ation of diagrams through text analysis, and the creation
of expanded diagram-specific feedback.

• Improving the current implementation of the user inter-
face, following the most common comments: a friendlier
modeler, as well as the ability to act directly on the exer-
cise text, should make the modeling less frustrating and
more engaging for the students.

• Applying UMLegend for the entire length of the new edi-
tion of the course, to assess the reception of the long-term
mechanics, as well as to identify whether gamification
applied through an entire course can improve the stu-
dents’ modeling capabilities. The development of similar
tools for the other course topics (process modeling, use
case diagrams, use case narratives, cost estimation) is
something we have also considered, as we imagine that

the gamification of an entire course should yield benefits
to commitment and performance.

Appendix A Evaluation criteria

A. 1 Syntax rules

A. 1.1 Class constraints

• A class must have a non-empty name
• A class must have a unique name, two classes cannot
have a duplicate name

• A class must have at least one valid attribute
• A class must have at least one valid association

A. 1.2 Attribute constraints

• An attribute must have a non-empty name
• An attribute must be expressed in an explicit format
where its name is followed by a colon, and then by its
type (name: type)

• An attribute cannot have a type that is not among the
allowed ones (int, float, number, double, string, boolean,
date, time, datetime, integer, latlong, currency, enum)

• An attribute cannot represent a foreign key of another
class (e.g., the identifier of another class, or the name of
another class in plural form)

A. 1.3 Association constraints

• An association must have a non-empty name
• An associationmust have its multiplicity values specified
on both ends

• An association cannot have as multiplicity values that are
not numbers, or star to indicate multiple and unspecified
values

• A recursive association must have its roles specified on
both ends

A. 1.4 Intermediate class constraints

• An intermediate class must have exactly two associations
• An intermediate class must have 1 as multiplicity values
toward the two classes it connects

• An intermediate class must have its multiplicity values
specified on both ends of both of its associations

• An intermediate class cannot have as multiplicity values
from the two classes it connects values that are not num-
bers, or star to indicate multiple and unspecified values
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A. 2 Semantic rules

A. 2.1 Class constraints

• A reference class whose weight is STRONG must have
a matching class in the diagram

• A diagram class cannot have a name that is not allowed

A. 2.2 Attribute constraints

The following attribute constraints are verified if and only
if there is a diagram class that match the diagram class that
contains the specific attribute.

• An attribute in a reference class that has a matching dia-
gram class must have a matching attribute in the same
class

• An attribute in a diagram class that matches an attribute
in the corresponding reference classmust have a type that
is among the allowed ones

• It is not possible to have a diagram class that matches an
attribute of a reference class that cannot be represented
as a class

• A diagram attribute cannot have a name that is not
allowed

A. 2.3 Association constraints

The following association constraints are verified if and only
if there are diagram classes that match the source and desti-
nation classes of the reference association:

• A reference association must have a matching diagram
association between two diagram classes that both have
a STRONG weight

• A diagram association that matches a reference asso-
ciation must have its multiplicity values be among the
allowed values in the reference association, for both
source and destination

The following association constraints are applied to all
diagramassociations that do notmatch a solution association:

• A diagram association cannot have a name that is not
allowed

• A diagram association cannot connect two classes that
are not allowed to have an association

A. 2.4 Intermediate class constraints

• Both classes connected by a reference intermediate class
must have a matching diagram class

• The diagram classes that match two classes connected by
a reference intermediate class must be connected by an
intermediate class

• Each diagram intermediate classes must match a refer-
ence intermediate class

Appendix B Questionnaire

B. 1 TAM questionnaire

B. 1.1 Perceived usefulness

• UsingUMLegend for conceptual modelingwould enable
me to accomplish tasks more quickly

• UsingUMLegend for conceptualmodelingwould improve
my performance

• UsingUMLegend for conceptualmodelingwould improve
my productivity

• Using UMLegend for conceptual modeling would make
it easier to perform modeling tasks

• UsingUMLegend for conceptualmodelingwould be use-
ful

B. 1.2 Perceived ease of use

• Learning to operate UMLegend was very easy for me
• I found it easy to get UMLegend to do what I wanted it
to do

• My interactions with UMLegend were clear and under-
standable

• I found that the gamified interface elements were clear
and understandable

• Itwould be easy forme to become skillful at usingUMLe-
gend

• I generally found UMLegend easy to use

B. 1.3 Behavioral intention to use

• If I had to perform conceptual modeling in the future, I
would consider using gamified techniques

• If I had to perform conceptual modeling in the future, I
would use gamified techniques if I had access to them

B. 1.4 Attitude toward usage

• I believe it is a good idea to use a gamified tool for con-
ceptual modeling

• I like the idea of using a conceptual tool for process mod-
eling
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B. 2 GAMEX questionnaire

B. 2.1 Enjoyment

• Playing UMLegend was fun
• I liked playing UMLegend
• I enjoyed playing UMLegend very much
• My experience with UMLegend was pleasurable
• I think playing UMLegend is very entertaining
• I would use UMLegend for its own sake, not only when
being asked to

B. 2.2 Absorption

• Playing UMLegend made me forget where I was
• I forgot about my immediate surroundings while I played
UMLegend

• After playing UMLegend, I felt like coming back to the
“real world” after a journey

• Playing UMLegend “got me away from it all.”
• While playing UMLegend I was completely oblivious to
everything around me.

• While playing UMLegend I lost track of time.

B. 2.3 Creative thinking

• Playing UMLegend sparked my imagination
• While playing UMLegend I felt creative
• While playing UMLegend I felt that I could explore
things

• While playing UMLegend I felt adventurous

B. 2.4 Activation

• While playing UMLegend I felt activated
• While playing UMLegend I felt nervous
• While playing UMLegend I felt frenetic
• While playing UMLegend I felt excited

B. 2.5 Possible negative effects

• While playing UMLegend I felt upset
• While playing UMLegend I felt hostile
• While playing UMLegend I felt frustrated

B. 2.6 Dominance

• While playing UMLegend I had the feeling of being in
charge

• While playing UMLegend I felt influential
• While playing UMLegend I felt autonomous
• While playing UMLegend I felt confident

B. 3 Gamemechanics questions

B. 3.1 Levels and experience

• I think that Levels and Experience were useful features
• I think that Levels and Experience were influential fea-
tures in my usage of UMLegend

• I am satisfied with the use I made of the Levels and Expe-
rience features

• Levels andExperiencemotivatedme in usingUMLegend
more

• Levels and Experience distracted me during my usage of
UMLegend

B. 3.2 Avatar customization

• I think that the Avatar Customization was a useful feature
• I think that the Avatar Customization was an influential
feature in my usage of UMLegend

• I am satisfied with the use I made of the Avatar Cus-
tomization feature

• Avatar Customization motivated me in using UMLegend
more

• Avatar Customization distracted me during my usage of
UMLegend

B. 3.3 Final leaderboards

• I think that the Final Leaderboards were a useful feature
• I think that the Final Leaderboards were an influential
feature in my usage of UMLegend

• I am satisfied with the use I made of the Final Leader-
boards feature

• The Final Leaderboards motivated me in using UMLe-
gend more

• The Final Leaderboards distracted me during my usage
of UMLegend

B. 3.4 Exercise leaderboard

• I think that the Exercise Leaderboard was a useful feature
• I think that the Exercise Leaderboard was an influential
feature in my usage of UMLegend

• I am satisfied with the use I made of the Exercise Leader-
board feature

• The Exercise Leaderboardmotivatedme in using UMLe-
gend more

• TheExercise Leaderboard distractedme duringmyusage
of UMLegend
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B. 3.5 Avatar feedback

• I think that Avatar Feedback was a useful feature
• I think that Avatar Feedback was an influential feature in
my usage of UMLegend

• I am satisfied with the use I made of the Avatar Feedback
feature

• Avatar Feedbackmotivatedme in usingUMLegendmore
• Avatar Feedback distracted me during my usage of
UMLegend

B. 3.6 Indicators

• I think thatCompleteness andExperience Indicatorswere
a useful feature

• I think thatCompleteness andExperience Indicatorswere
influential features in my usage of UMLegend

• I am satisfied with the use I made of the Completeness
and Experience Indicators features

• Completeness and Experience Indicators motivated me
in using UMLegend more

• Completeness and Experience Indicators distracted me
during my usage of UMLegend

B. 3.7 Error lists

• I think that Error Lists were a useful feature
• I think that Error Lists were influential features in my
usage of UMLegend

• I am satisfied with the use I made of the Error Lists fea-
tures

• Error Lists motivated me in using UMLegend more
• Error Lists distracted me during my usage of UMLegend

B. 3.8 Diagram feedback

• I think that Diagram Feedback was a useful feature
• I think that Diagram Feedback was an influential feature
in my usage of UMLegend

• I am satisfied with the use I made of the Diagram Feed-
back features

• Diagram Feedback motivated me in using UMLegend
more

• Diagram Feedback distracted me during my usage of
UMLegend

B. 4 Open question

Did you encounter any issue when using UMLegend? Do you
have suggestions on how we could improve the tool?

Appendix C Exercises

C. 1 Exercise A

A convenience store wants to provide a delivery service to
its customers. To do so, it sets up a distributed system based
on mobile applications and web interface. The system can be
used by the customer (to order products, via mobile app), by
the deliveryman (to deliver the goods, via mobile app), and
by the manager (to upload available products and quantities,
via web interface).

It is assumed that each customer has an account and is
logged into the system. In addition to personal data (first
name, last name, tax code), the customer’s address is known
in text form and as latitude and longitude.

Next he will receive a list of products with photograph,
title and price. By clicking on the product he will be able to
view thedetail andplace it in the cart indicating the quantities.
Paymentwill bemade exclusively via cash or credit cardwith
the rider. Once the order is completed it will be possible to
proceed to checkout. At that point the customer’s app will
search for an available delivery driver. Once the deliveryman
has accepted the assignment and left the convenience store,
the user will receive a notification and from that point on the
customer can enter the delivery details (e.g., intercom, phone
number, etc.).

After delivery, the user can rate the service (goods quality,
delivery speed, deliveryman courtesy, commentary). Ratings
can be assigned on a numerical scale from 1 to 5 (inclusive).
At any time the user can view a list of all past orders.

It is assumed that each deliveryman has an account and is
logged into the system. The deliveryman, at any time, sets his
status (available for deliveries, or unavailable). If available it
can be selected by the manager.

When a user completes an order an available deliveryman
will be notified for delivery and can accept the assignment or
decline it. Once accepted, he will scan the delivery barcode
(or, in case of problems, enter it manually) and display the
route to the customer’s address on the map.

Once the customer is reached, it will report that payment
has been made and the delivery has ended. In case of pay-
ment problems or absent customer, the delivery failurewill be
reported and the deliveryman will bring the products back to
the store. At the end of the delivery, the deliveryman can eval-
uate the customer (courtesy, presence at home, comment).

Each deliveryman should be able to view the history of
assignments with their outcome (accepted and delivered,
accepted and delivery failed, assignment refused).

It is assumed that themanager has an account and is logged
into the system. Themanager will be able to upload available
items. A photo, title, description, price can be uploaded. It is
also possible to edit products already available by updating
photos, description, etc.
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C. 2 Exercise B

A long-term car rental company wants to launch contracts in
the market with rates that can be adjusted according to the
miles driven and the type of vehicle use. For this, it needs to
monitor the use of cars to charge for any negligent behavior
in the use of the rented car by customers or to reward the
most attentive customers. This will be done with penalties
to be added to the annual fee or discounts on the annual fee,
respectively.

Each contract is in the name of a company (whose VAT
number, company name, registered office address, iban on
which to charge fees and an e-mail address are known), a
vehicle is associated with it (whose license plate, chassis
number, make, model, power in kW and registration date are
known), and it can last from 1 to 3 years. When the rental
contract is signed, an electronic device (identified by a serial
number and managed by an outside company) is installed on
thevehicle. Each client companycan rent several vehicles, for
each of which it will have to enter into a dedicated contract.
An employee of the company will enter the contract data into
the system.

The company initially defines a set of price bands based
on the category of the rented car. There are five possible price
ranges in which all rented cars must necessarily belong. The
categories of cars and their prices are: citycar (3000 euros
per year), small (3600 euros per year), medium (4200 euros
per year), large (4800 euros per year), and executive (6,000
euros per year).

Each rental rate includes 15,000 km per year regardless of
the category of car rented. Every additional 5,000 km driven
will result in a 5% penalty on the annual fee. (So if you drive
12400 km more on an average car, the fee will become 4830
euros). If less than 10,000 km are driven, the customer will
get a 5% discount on the annual fee.

In addition, through the API made available by the com-
pany that manages the electronic device and for each contract
year, it is possible to retrieve the total kilometers driven, and
for each car a type of use can be associated, which can be
attentive (which allows a 15% discount on the fee), normal
(which leaves the fee unchanged), and negligent (which car-
ries a penalty of 10% of the fee).

At the end of the contractual year, through the data
received from the control unit, the company’s employee
performs the annual contractual assessment by calculating,
through the system, the penalty or discount according to the
rules indicated above.

Once this amount (which can be either positive or nega-
tive) is calculated, it is automatically charged (or credited)
using the customer’s bank data and notified via email. After
two consecutive years of negligent use, the contract will be
automatically terminated and the car must be returned within
one working week of receiving the email notification.

Customers can, at any time, view their situation in their
personal area and view, if available, the discount or penalty
for the contract year just ended.
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