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Abstract

Modeling is an essential and challenging activity in any engineering envi-
ronment, and it requires some hard-to-train skills such as abstraction and
communication. This makes it difficult for educators to teach or train their
students, co-workers, or users. The audience of this paper is both educa-
tors and learners who struggle with modeling. To address this challenge,
we present PapyGame, a gamified version of a robust modeling environment
(Papyrus) that aims to improve the learner’s motivation, make the learning
process an enjoyable experience, and boost learning outcomes. Gamifica-
tion is the exploitation of gaming mechanisms for serious purposes, such
as promoting behavioral changes, soliciting participation and engagement in
activities, and more. The paper presents PapyGame’s functionalities, archi-
tectures, illustrative scenarios, and its potential impact on both educators
and learners.
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Metadata

Nr. | Code metadata description Please fill in this column
C1 | Current code version V1.0
C2 | Permanent link to code/repository | https://git.eclipse.org/
used for this code version c/papyrus/org.eclipse.
papyrus-papygame.git/
C3 | Permanent link to Reproducible
Capsule
C4 | Legal Code License MIT
C5 | Code versioning system used git
C6 | Software code languages, tools, and | HTML, CSS, Javascript, Java
services used
C7 | Compilation requirements, operat- | Thanks to the Rich Client Platform
ing environments and dependencies | (RCP - https://ci.eclipse.
org/papyrus/view/PapyGame/
job/papyrus-papygame-2021-12/
lastBuild/)), PapyGame covers all
OSs and no compiling is required
from the user-side, all is done on
the server.
C8 | If available, link to developer docu- | hitps : //www.papygame.com/
mentation/manual
C9 | Support email for questions bucchiarone@fbk.eu

Table 1: PapyGame Information.
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1. Motivation and significance

In many studies around Model-Based Systems Engineering (MBSE) adop-
tion, the usability of tools is very often stressed as one of the key issues
for the adoption of MBSE paradigms. Several countermeasures have been
tried, like mixing learning styles, partitioning courses into micro-modules,
etc. Their common goal is to implicitly keep students motivated through
small amounts of effort and rapid/visible progression in their study. On
the same line, gamification uses gaming mechanisms for enhancing students’
engagement [11, 2, [3].

Previous research has shown a strong interest in the use of gamification
in modeling, with some promising results [4, [5, 2] [6], [7, 8, 9]. However, these
efforts have mainly been ad-hoc attempts by modelers to create gamification
environments for specific experimental scenarios[10, 11} 12, [13].

There is still a need for a fully-fledged gamification environment to be
integrated into modeling tools. Some initial attempts have been made by
authors in [10, [IT), 12} T3], but these solutions only address specific learning
objectives and are not comprehensive. Our proposed approach aims to ad-
dress this gap by providing a general approach to integrate modeling tools
with a fully-fledged gamification environment that considers various learning
dimensions, including learning abstraction, modeling language, and modeling
tool. However, there are still challenges to be addressed in terms of research
and technical aspects of modeling in order to implement these target gam-
ification scenarios. A more recent survey [14] discusses several game-based
and game development-based learning approaches devoted to software design.
However, it confirms the scarce experimentation of gamification techniques
for software design. All the research introduced until now reinforces the idea
that there is a strong interest in the use of gamification in modeling and
some first promising results. Still, they also show that previous attempts
are mainly the work of modelers trying to manually create some ad hoc
gamification environment for their specific experimental scenarios. Recently,
virtual reality (VR) approaches have also been proposed as more immersive
environments to edit UML models [15] [16]. Since these environment propose
a radically new way of tackling modelling, they are typically able to cap-
ture the attention of students, making them suitable to implement gamified
modelling frameworks for education [17].

In this respect, our vision abstracts those attempts by proposing a gen-
eral approach for integrating modeling tools with a fully-fledged gamifica-
tion environment to facilitate the specification and deployment of all kinds
of modeling games. Within this paper, we present our initiative started two



years ago and known as PapyGameﬂ7 a gamified modeling tool that provides
an innovative and engaging way for users to learn about modeling. By in-
corporating game-like elements into the learning process, the tool can make
the experience more enjoyable and memorable. Learners can interact with
the tool in a way that feels less like traditional learning and more like play,
which can make the learning process feel less daunting and more approach-
able. Additionally, the tool can provide instant feedback and rewards, which
can help learners stay motivated and engaged throughout the learning pro-
cess. Overall, the objective of this gamified modeling tool is to provide an
effective and engaging way for users to learn and practice modeling skills,
while also making the experience fun and enjoyable. Moreover, PapyGame
can be a valuable asset for teachers to enhance the learning experience of their
students and promote better learning outcomes. We have experimented the
gamification of software modeling in a real and robust modeling environment
(Papyrusﬂ) to reduce its use complexity.

This article focuses on presenting the functionalities, architecture, and
an illustrative scenario of PapyGame, as well as its potential impacts on
modeling education. The paper aims to introduce the tool to the academic
community, highlighting its features, and showcasing how it can be used
to create engaging and interactive exercises that can help students learn
modeling concepts effectively. The article also discusses the potential impacts
of PapyGame on modeling education, such as improving student engagement
and enhancing learning outcomes.

2. Software description and functionalities

PapyGame is a pluginf] for the modeling tool Papyrufd In the follow-
ing, we present its overall architecture and the main software functionalities
provided.

2.1. Software architecture

The objective of PapyGame is to gamify the learning of modeling by
integrating a game view within the Papyrus UML editor. Figure|l|shows the
general architecture of PapyGame.

The Gamification Engine allows to implement each key concept of the
game associated to a specific learning path using the Gamification Design
Framework (GDF) [18] through user interfaces accessible from a web browser.

"https://www.papygame . com
Znttps://www.eclipse.org/papyrus/
3https://ci.eclipse.org/papyrus/view/PapyGame/

4


https://www.papygame.com
https://www.eclipse.org/papyrus/
https://ci.eclipse.org/papyrus/view/PapyGame/

O

Eclipse . Remote Server
X ~ .
rapyrus 4 Gamification Engine
. N
PapyGame Plugin -
Player Profile Manager —-"‘...=.n"’.,

Game Area — Api Service .E[ |
Series Manager
— Game Model Quallty Assessor

==

Hangman

Game Master

Remote Resources

Model Editor - Series definition é

Scripts and images

Figure 1: PapyGame Technical Architecture.

For PapyGame, the Gamification Engine plays three main roles: Learner
Profile Manager, Series Manager, and Model Quality Assessor. To implement
gamification mechanisms related to progression, experience, rewards, and,
more generally, to a player’s profile, the Gamification Engine provides a set of
administration interfaces and endpoint APIs to manage the player database.
The Gamification Engine natively manages the notion of a player profile by
integrating the nickname, the current level of the player, and the storage of
the current level of the rewards obtained by the player. User profiles can
be created, read, updated, or deleted from REST API endpoints exposed
automatically by the Gamification Engine. These endpoints are called by
(i) the PapyGame client when logging in or displaying the dashboard, or
(ii) the Model Quality Assessor component of the Gamification Engine when
receiving a completed game request from the client.

The definition of a Series is done in two distinct steps. First, the Model-
ing Teaching expert has to design the different levels that will compose the
game series by writing their instructions, choosing the associated games, by
defining an identifier for them, and eventually associating a UML starting
model if a comparison or an automatic generation of the exercise is planned.
The series and the levels that compose it are completely defined in JSON
and available on the resource server. Each level connects to the Gamification
Engine rules thanks to a specific id held by the series, references a game, a
source diagram from a source model, and features textual instructions.

In a second step, the Gamification Expert has to define the conditions of



success or failure, as well as the mechanism of reward or experience attribu-
tion. These rules are defined in the Open Source DROOLS rule engine [19] in
the Gamification Engine, which provides the action mechanism. Each action
created can be called through an endpoint API in GET or POST, which is
called by the Model Quality Assessor component.

The Model Quality Assessor bridges connect the client requests issued
by the PapyGame plugin containing the player diagram data and the rules
of each level defined in the Gamification Engine. When executing the rules,
the Model Quality Assessor evaluates whether the attempt is a failure or a
success, and if so, updates the player profile (progress and history) thanks
to the endpoint exposed by the Player Profile Manager. The PapyGame
client is distributed as an Eclipse plugin written is Java, that is available for
download and installation in its update sitef’]

The Game Area is a view container that allows other components to
display their views. The Api Service is in charge of handling network requests
to the server. It automatically parses the requests in JSON with the use of
Gsonll

When an API connection fault occurs, the Api Service detects the error
and attempts to resolve the issue. This may involve retrying the connection,
notifying the user of the error, or taking other appropriate actions based
on the type and severity of the error. By managing API connection faults,
the Api Service helps ensure that the application can maintain reliable and
consistent communication with the server.

While the Gamification Engine is typically deployed as a Docker image
on a server, it is also possible to install and use it locally within the Papyrus
plugin. This can be done by downloading the necessary files and configuring
the plugin to use the local installation instead of the server. By installing
the Gamification Engine locally, developers can test and develop gamification
features without the need for a dedicated server or internet connection. How-
ever, it’s important to note that the local installation may have limitations
in terms of scalability and performance compared to the server deployment.

In PapyGame, each game contains four views: the Preview View, the
InGame view, the GameSuccess view, and the GameOver view. Technically,
each view is associated with one Java class and one HTML file. The Java
classes of the views contain the internal behaviour of the Game, e.g., how to
react to an input user event and define an entry-point to be executed by the
Game Master component.

Yhttps://ci.eclipse.org/papyrus/view/PapyGame/
Shttps://github.com/google/gson
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The Game Master has the role of coordinating the different components.
It receives the updates from the events in the Model Editor, the click inter-
actions from the Game Area, and is connected to the API Service to query
the server when required. To associate players with their stored profile, Pa-
pyGame asks them to create an account. This is achieved directly from the

login screen (Figure @)
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Figure 2: User Interfaces of PapyGame.

When the Game Master initiates the Dashboard phase, it first ask the
Api Service to query the server to retrieve (i) all series available and (ii) the
fully-loaded player profile. Once received, it displays the series, the progress
history, and the player profile information in the Dashboard View that is
loaded in the Game Area, as presented in Figure @ The GameMaster
stays idle until the player clicks on one available level. This triggers the
launch of the Game phase, which starts with the Game Preview View.

The Game phase starts when the player clicks on an available level from
the Dashboard View. The Game Master is then responsible for switching the
view in the Game Area to the Game Preview View of the game associated



to the selected level (Figure @) Then, the Game autonomously listens
to all user input events on its views. When players are ready to start, they
click the button on the Preview view, and the Game asks the Game Master
to switch view to the InGame view (Figure @), which in turn, behaves
autonomously. The Game Master is idle until the Game requests the end of
the in-game phase. The Game Master then collects information provided by
the Game to query the remote Model Quality Assessor to update the player
profile and to know whether it should display the GameSuccess or GameQuver
view. From these two views, the player can ask to resume the Dashboard.
When this event is triggered, the Game asks the Game Master to switch view
to the Dashboard to initiate a new Dashboard phase.

3. Illustrative examples

The role of PapyGame is to help master degree students in Computer
Science in learning specific modeling aspects using Papyrus for UML. Each
assignment comprises a set of levels that each student should deal with. Each
level is assigned a corresponding exercise, and passing a level unlocks the next
exercise corresponding to the next level. Once logged-in, PapyGame displays
a Dashboard (see Figure @) representing the levels for the player. All
the completed levels are displayed in green with the corresponding number
of gold coins (GC) and the experience points (XP) rewarded. Instead, the
remaining levels are colored in gray with a lock except for the first one, which
is the next level to be played (unlocked). When students start a game, the
UI shows the game-specific content, such as the purpose of the game and the
progression.

Teachers can define custom series of exercises by defining one or several
levels using the following procedure: (i) choose a game among the available
games in the system, (ii) create a source diagram in Papyrus according to the
game requirements, (iii) create the reward rules about points and eventual
bonuses (using GDF [1§]), and (iv) write the high-level JSON definition of
the Level.

Each learning exercise is associated with a specific game type: the Hangman
— when a new part of the man drawing is added with every wrong answer —
the On Your Own (0Y0) — when the student executes the exercise with no
help. At the same time, each exercise has associated with a set of point con-
cepts and rules. All these aspects are defined by the teacher using GDF [18].
Once the student’s assignments are designed and deployed, the students can
select the respective levels and start to play and accumulate points. Figure
shows an example. It presents the UML diagram containing a set of classes
connected with the generalization relationship. The goal of this level is to



help players/students to associate the right attributes and operations with
the right class in the hierarchy. This is done using a drag-and-drop facility.
An incorrect user selection (moving an operation into a class that is not the
one that should contain it) adds a part of the hangman’s body (lower part
of Figure . If the players manage to place all operations correctly without
the body of the hanged person being completely displayed, they win. If the
hangman’s body is wholly displayed, players lose, and the next level stays
locked. As a consequence, they will have to play the level again. Whether
they won or lost, after the completion of the game PapyGame players are
returned to the Dashboard view.
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Figure 3: PapyGame Hangman game example.

4. Impact

One of the significant hurdles for more mainstream adoption of modeling
practices is the limitations in current modeling tools, as reported in several
studies [20, 21], 22], 23, 24]. As such, the introduction of gamification tech-
niques in modeling environments, which is the goal of PapyGame, could have
a significant impact on the popularization of modeling and its benefits.

By lowering the barrier to entry of modeling, PapyGame aims to broaden
the user base of modeling environments, especially, students and non-expert
users that so far were unable to see the return of inversion of this type of
tools given the high learning cost they were suffering [23]. This will also
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enable a better understanding of the actual challenges in learning modeling
techniques that could be obscured by these tool limitations.

In this sense, PapyGame has been successfully applied in a set of scenarios
that includes software engineering teaching courses at the Universities of
Trento (Italy) (~ 150 students) or specific user experiences analysis with 14
students from the University of Lille (France) and with 25 students from
Malardalen University (Sweden).

In a previous article [25], we conducted an evaluation of PapyGame us-
ing a user experience questionnaire to exhaustively assess our approach. We
made rational design choices based on serious and validated works, and the
questionnaire was designed to collect generic data such as age, gender, and
country, as well as to differentiate between the two groups. The questionnaire
also included an evaluation of several aspects related to the user experience,
such as motivation, engagement, attractiveness, and learning perception, as
well as software usability and perceived efficacy. Users were asked to pro-
vide feedback on what was working well and what needed to be changed in
the software. While the tool showed adequate levels during user experience
analysis, it also presented some disturbing elements, including elements of
UI, the information provided, and the complexity and problems related to
the Eclipse environment.

PapyGame impact goes beyond ”traditional” modeling environments and
has proven useful also as a key component of new learning environments
pushing the boundaries of current interfaces [26].

5. Conclusions and Future Plans

The learning curve concerning modeling is, unfortunately, quite high and
partly prevents a wide adoption of modeling in IT projects. The reasons for
this are threefold: modeling is in itself a complex act requiring capacities
of abstraction and synthesis that are not always easy to learn and teach;
modeling is also communicating through appropriate languages and notations
that often need to be learned and therefore require an effort; finally, the
modeling tools, since they are often new, are also perceived as complex.

Our paper focuses on the technical presentation of a tool, PapyGame, that
gamifies the teaching and learning process. We aim to boost the educational
experience by incorporating game elements into the curriculum. Our work
is centered around presenting the technical aspects of this innovative tool
and how it can be used to enhance the learning process. In terms of impact,
our goal was to experience and experiment with this gamification in a real
modeling environment and with real learners to evaluate the interest of such
an approach.
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We chose Papyrus, the open-source reference environment for UML mod-
eling in Eclipse. The feedback from the students involved in this first experi-
ence is very encouraging but also shows room for improvement (new games,
a more constrained environment, and better management of technical issues)
and identifies areas for improvement in the approach to gamifying software
modeling teaching process. At the same time, PapyGame helped us to start
planning the adaptation of PapyGame to cover low-code environments. This
means going beyond the gamification of modeling and extending it to the
gamification of a low-code/model-driven full application generation. At the
same time, another direction would be to apply to modeling challenges be-
yond systems and software modeling [27].

In terms of supported games, we have plans to extend PapyGame beyond
the current model of games composed of levels. Our goal is to support per-
sonalized learning paths that are tailored to the specific needs of individual
students and aligned with the objectives of their teachers. This approach
would enable teachers to design learning experiences that are engaging, chal-
lenging, and relevant to each student’s unique learning style and interests.
By incorporating a variety of game mechanics and feedback mechanisms, we
aim to create a more dynamic and interactive learning environment that en-
courages students to take an active role in their own learning. Ultimately,
our goal is to help students achieve their full potential and develop a lifelong
learning.

Teaching modeling is a complex task, and there are limitations to auto-
mated support and evaluation approaches. In this regard, we are aware that
one of the limitations of PapyGame is its current lack of support for evaluat-
ing model quality (correctness and completeness). To address this limitation,
we plan to add specific components as a plugin devoted to supporting differ-
ent types of model quality evaluation. This plugin will extend the existing
component, the Model Quality Assessor, which evaluates the syntax and the
semantics of a model. We believe that this addition will make PapyGame
more useful for educators and learners.
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