JOURNAL OF e-LEARNING

AND KNOWLEDGE SOCIETY

www.je-lks.org

VOLUME 21| ISSUE NO. 3 | DECEMBER 2025

REGULAR ISSUE

PEER REVIEWED
RESEARCH PAPERS

AN INTERNATIONAL AND OPEN ACCESS JOURNAL
BY THE ITALIAN E-LEARNING ASSOCIATION

ISSN (online) 1971 - 8829 | ISSN (paper) 1826 - 6223




Photo cover by ChatGPT



JOURNAL OF e-LEARNING
AND KNOWLEDGE SOCIETY

www.je-lks.org

VOLUME 21| ISSUE NO. 3 | DECEMBER 2025

REGULAR ISSUE

PEER REVIEWED
RESEARCH PAPERS

AN INTERNATIONAL AND OPEN ACCESS JOURNAL
BY THE ITALIAN E-LEARNING ASSOCIATION

ISSN (online) 1971 - 8829 | ISSN (paper) 1826 - 6223



JOURNAL OF e-LEARNING AND KNOWLEDGE SOCIETY

www.je-lks.org - www.sie-1.it

ISSN (online) 1971 - 8829 [ISSN (paper) 1826 - 6223

Je-LKS is an Open Access Online
publication. This means that
everybody can free access online
to abstracts and full t articles.

The Journal is issued online three
times per year.

ANVUR Ranking: A-Class for Sector
10, 11-D1 and 11-D2

Libraries or researchers, can
subscribe a Printed Copies Service
or an Issue Reprint Service.

The Printed Copies Service is on a
yearly basis and you can receive
the three printed year issues.

The Issue Reprint Service provide
five printed copies of a specific
Issue.

Both the Services have the same cost
of 150¢€ (including taxes).

Shipping costs are not included and
will be charged.

In order to subscribe Printed Copies
or Issue Reprint Services contact:

email: segreteria@sie-l.it
email: staff@je-lks.org
Tel +39 0522 522521
website: www.sie-l.it

PUBLISHER AND COPYRIGHT
ltalian e-Learning Association (Sle-L)

CONTACTS
editor@je-lks.org
managingeditor@je-lks.org
assistanteditors@je-lks.org

Registration at the Rome Court in the
pipeline

ISSN (online) 1971 - 8829
ISSN (paper) 1826 - 6223

EDITOR IN CHIEF
TOMMASO MINERVA

University of Modena and Reggio Emilia, Italy

ASSOCIATE EDITORS
TEL AMIEL

University of Campinas, Brasil

FAWZI BAROUD

Notre Dame University - Louaize, Lebanon
CHERYL BROWN

University of Canterbury, New Zealand

ULF-DANIELS EHLERS

Baden-Wurttemberg Cooperative State University
in Karlsruhe, Germany

PAOLO MARIA FERRI

University of Milano-Bicocca, Ttaly
ANTONIO MOREIRA TETXETRA
UNIVERSIDADE ABERTA - LISBOA, PORTUGAL
FABIO NASCIMBENI

University of La Roja - Madrid, Spain
ALBERT SANGRA

Universitat Oberta de Catalunya, Spain
AHMED TLILI

Bejing Normal University, China

DANIEL VILLAR-ONRUBIA
Coventry University, United Kingdom
ZORAIN1 WATI ABAS

Wawasan Open University , Malaysia
MARIA C. ZAMORA

Kean University, Union (NJ), USA

MANAGING EDITOR
ANNAMARITA DE SANTIS

University of Modena and Reggio Emilia, Italy

ASSISTANT EDITORS
CLAUDIA BELLINI

University of Modena and Reggio Emilia, Italy
ALESSIA CADAMURO

University of Modena and Reggio Emilia, ltaly
VALENTINA ELVIRA COMBA
Italian e-Learning Association

STEFANO MORIGGI

University of Milano-Bicocca, ltaly
VERONICA ROSSANO

University of Bari, ltaly

KATIA SANNICANDRO

University of Modena and Reggio Emilia, Italy

NICOLA VILLA

Italian e-learning Association

SCIENTIFIG COMMITTEE

Adorni Giovanni - University of Genova, Italy;
Bonaiuti Giovanni - University of Cagliari, Italy;
Calvani Antonio - University of Firenze, Italy;

Cantoni Lorenzo - University of Lugano, Switzerland;
Carbonaro Antonella - University of Bologna, Italy;
Cartelli Antonio - University of Cassino, Italy;
Gecconi Luciano - Univ. of Modena-Reagio Emilia, Italy
Gerri Renza - University of Genova, Italy;

Cesareni Donatella - University of Roma, Italy;
Coccoli Mauro - University of Genova, Italy;

Delfino Manuela - G.N.R. 1.1.D of Genova, Italy

Dipace Anna - Univ. of Modena and Reggio Emilia, Italy;
Faiella Filomena, University of Salerno, Italy,
Ghislandi Patrizia - University of Trento, Italy;

Guerin Helen - University College Dublin Ireland;
Guerra Luigi - University of Bologna, Italy;

Holotescu Carmen - University of Timisoara, Romania;
Karacapilidis Nikos - University of Patras, Greece;
Karlsson Goran - University of Stockholm, Sweden;
Kess Pekka - University of Oulu, Finland;

Ligorio Beatrice - University of Bari, Italy;

Manca Stefania - C.N.R. [.T.D of Genova, Italy;

Mandl Heinz - Universitat Munchen, Germany;
Mangione Giuseppina Rita, INDIRE, Italy;

Maresca Paolo - University of Napoli Federico 11, taly;
Marzano Antonio - University of Salerno, Italy;

Mich Luisa - University of Trento, Italy;

Michelini Marisa - University of Udine, Italy;

Molinari Andrea, University of Trento, Italy,

Persico Donatella - C.N.R. 1.1.0 of Genova, Italy;

Pirlo Giuseppe, University of Bari, Italy,

Rizzo Antonio - University of Siena, Italy;

Roselli Teresa - University of Bari, Italy,

Sarti Luigi - C.N.R. 1.7.0 0f Genova, Italy;

Trentin Guglielmo - G.N.R. 1.T.D of Genova, Italy;

REVIEWERS

Cosimo Accoto, Francesco Agrusti, Daniela Amendola,
Alice Barana, Claudia Bellini, Elisa Bisagno, Giovanni
Bonaiuti, Beatrice Bonami, Daniela Borissova, Filippo
Bruni, Alessia Cadamuro, Gabriella Calvano, Roberto
Capone, Antonella Carbonaro, Chiara Carletti, Gabriella
Gasalino, Alessio Gavicchi, Alessio Geccherelli, Luciano
Gecconi, Alessandro Ciasullo, Letizia Ginganotto,
Mauro Coccoli, Francesca D'Errico, Estela DaukSiene,
Annamaria De Santis, Sara Dias-Trindade, Gabriella
Dodero, Hendrik Drechsler, UIf Daniel Enlers, Meryem
Erbilek, Antonietta Esposito, Filomena Faiella, Laksmi
Evasufi Fajari, Laura Fedeli, Cinzia Ferranti, Paolo Ferri,
Giuseppe Fiorentino, Giuliana Franceschinis, Rita
Francese, Maurizio Gentile, Garlo Giovannella, Patrizia
Garista, Teodora Hristova, Franco Landriscina, Luca
Andrea Ludovico, Giuseppina Rita Jose Mangione, Paolo
Maresca, Antonio Marzano, Marco Masoni, Rory Mc
Greal, Michele Marangi, Salvatore Messina, Sergio
Miranda, Andrea Molinari, Stefano Moriggi,Giacomo
Nalli, Fabio Nascimbeni, Silvia Panzavolta, Gigliola
Paviotti, Corrado Petrucco, Maria Chiara Pettenati,
Antonella Poce, Giorgio Poletti, Alessia Rosa, Manuela
Repetto, Ana Luisa Rodrigues, Maria Esther Rodriguer-
Gil, veronica Rossano, Francesca Rossi, Marina Rui,
Margherita Russo, Matteo Sacchet, Katia Sannicandro,
[nes Saric-Graic, Javier §arsa, Lorenzo Scianatico,
Antonio Teixera, Admed TIili, Guglielmo Trentin, Andrea
Trentini, Rosa Vegliante, Gianni Vercelli, Nicola Villa



JOURNAL OF e-LEARNING
AND KNOWLEDGE SOCIETY

www.je-lks.org

ISSN (online) 1971 - 8829
ISSN (paper) 1826 - 6223

VOLUME 21| ISSUE NO. 3 | DECEMBER 2025

PEER REVIEWED PAPERS
PERMANENT CALL

PAG. 1 AN INTELLIGENT SYSTEM FOR GUIDING THE USE
OF DYNAMIC CONCEPT MAPS IN THE ZONE

OF PROXIMAL DEVELOPMENT
Sergio Miranda, Rosa Vegliante, Antonio Marzano

PAG. 10 GAMIFYING CULTURAL HERITAGE: THE D1GITIZATION
JOURNEY OF GENOA UNIVERSITY MUSEUM SYSTEM

(SMA-UNIGE)
Lara La Tessa, Mauro Coccoli, Stefano Schiaparelli,

Saverio lacono, Gianni Vercelli, Daniele Zolezzi

PAG 20 GOTCHA! ENHANCING ARGUMENTATION AS A BASIS
FOR CRITICAL THINKING VIA GENERATIVE

A1-SUPPORTED LEARNING IN HIGHER EDUCATION
Francesca Crudele, Juliana Elisa Raffaghelli

PAG. 36 EFFECTS OF INTERACTION BETWEEN TEACHER AND

E-LEARNING SYSTEM IN HIGH SCHOOL EDUCATION
Nesad Krnji¢, Muhamed Cosi¢, Darjan Karabasevic

PAG. 47 ATTITUDE OF RUSSTAN PRE-SERVICE TEACHERS
IN DIFFERENT TRAINING FIELDS

TOWARDS ARTIFICIAL INTELLIGENCE
Albina Drozdikova-Zaripova, Gulnara Gutorova,

Mars Khabibullin


http://www.je-lks.org/ojs/index.php/Je-LKS_EN/article/view/1135437
http://www.je-lks.org/ojs/index.php/Je-LKS_EN/article/view/1135437
http://www.je-lks.org/ojs/index.php/Je-LKS_EN/article/view/1135437

JOURNAL OF E-LEARNING AND KNOWLEDGE SOCIETY
Vol. 21, No. 3 (2025), pp. 1-9

An intelligent system for guiding the use of dynamic concept maps
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Abstract

With reference to the theory of the Zone of Proximal Development, the aim of this paper is to describe an intelligent
tutoring model capable of learning and reproducing intervention rules to make learning experiences based on the use of
dynamic concept maps more effective. The work starts from DCMapp, a software application for the creation and
navigation of dynamic concept maps. DCMapp allows to build maps, draw nodes and arcs, upload multimedia contents
and manage the dynamic visualization of concepts. The use of DCMapp has been shown to improve study times and
student learning outcomes. The paper proposes the integration of an intelligent tutoring system based on Vygotsky’s theory
of the Zone of Proximal Development. This system suggests actions to students to maintain learning within their Zone of
Proximal Development, avoiding boredom and confusion. It is trained through the observation of a human tutor and uses
artificial neural networks to predict future actions. The goal is to ensure effective and personalized learning, adapting the
difficulty of the activities to the cognitive and emotional abilities of the learners.

KEYWORDS: Arttificial Intelligence, Neural Network, Dynamic Concept Maps, Zone of Proximal Development (ZPD), e-Learning.
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1. Introduction

In the dynamic landscape of modern education, the
integration of technology plays a pivotal role in
enhancing learning experiences. Among these
technologies, dynamic concept maps have emerged as
powerful tools, offering visual and interactive
representations of knowledge that can significantly
benefit students. This paper builds upon the
demonstrated advantages of dynamic concept maps,
particularly through the use of DCMapp, a software
application designed for the creation and navigation of
these maps. DCMapp, which is integrated into the e-
Lena platform (a customized version of Moodle), allows

! corresponding author - email: semiranda@unisa.it

users to build maps, draw nodes and arcs, upload
multimedia content, and manage the dynamic display of
concepts (Nye, 2023). Previous research has shown that
the use of DCMapp, employing the DynaMap
Remediation Approach (DMRA), can act as a
remediator in teaching and learning processes, leading
to reduced study times and improved learning outcomes
for students.

Despite these benefits, the effectiveness of learning
experiences can be further enhanced by providing
personalized guidance that adapts to each student’s
unique needs. This necessity leads us to the critical role
of tutoring in learning, and specifically to Intelligent
Tutoring Systems (ITS), which aim to simulate the
behaviour of a human tutor to support students (Roll &
Wylie,2016). A foundational theory guiding the
development of ITS is Vygotsky’s Zone of Proximal
Development (ZPD). The ZPD represents an optimal
learning space where tasks are neither too difficult nor
too easy, thereby avoiding states of boredom or
confusion which can lead to distraction, frustration, and
loss of motivation. Optimal conditions within the ZPD
are highly individualized and dynamic, shifting with
each student and learning context.

© Italian e-Learning Association
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Given the inherent complexity in modelling the vast
number of states and transitions within dynamic concept
maps, particularly when a wuser navigates them,
traditional rule-based expert systems for ITS become
challenging to implement. Therefore, this paper
proposes an adaptive approach for an intelligent tutoring
system that can learn directly from the observations of a
human tutor.

The primary aim of this paper is to describe an intelligent
tutoring model capable of learning and reproducing
intervention rules to make learning experiences based on
the use of dynamic concept maps more effective.
Specifically, we propose the integration of an intelligent
tutoring system with DCMapp that leverages artificial
neural networks to observe and learn from a human
tutor’s actions. This system will then predict and suggest
optimal actions to students in real-time, thereby
maintaining their learning within their individual Zone
of Proximal Development, preventing boredom and
confusion, and ensuring effective and personalized
learning.

This work lays the foundation for designing an
intelligent system that, by integrating with modules for
detecting students’ cognitive and emotional states and
their individual tolerance limits for difficulty, can adapt
to personal needs and guarantee truly personalized and
effective learning pathways.

2. The adopted methods

The research described in the paper aligns with the
principles of Design-Based Research (DBR). It involves
the iterative development of an intelligent tutoring
system grounded in educational theory (ZPD),
implemented within a real-world learning platform
(DCMapp), and aimed at improving student outcomes
through adaptive technology. The absence of empirical
data or a bounded context rules out a case study
approach, while the emphasis on design, theory, and
future experimentation strongly supports a DBR
classification.

e-Lena daMarr

Castos

2.1 DCMapp: the tool for dynamic concept maps

DCMapp is a software application designed and created
as an integration of the e-Lena platform, an e-learning
platform obtained by customizing Moodle, the
renowned framework for the creation of e-learning
platforms. DCMapp provides different types of access
that include, in short, the functionality of creating and
navigating concept maps. It is possible to build concept
maps, draw nodes and arcs, upload multimedia content,
manage the dynamic display modes through which
concepts linked to others can be displayed or hidden
depending on the needs of the person navigating it (for
example, displaying one level at a time in a hierarchical
map and opening the next ones depending on curiosity
or training needs). This implies that, for the various
modes of use, there is a different set of functions
accessible through the graphical interface (see Figure 1).

If we focus only on one mode of use, namely navigation,
among the various available functions, we will be able
to limit the actions that a user may find themselves
performing.

Specifically, the possible actions during navigation are
the following:
1. Node selection
Content display
Opening child nodes
Closing child nodes
Node dragging
Map dragging.

ARl A

The number of actions is therefore limited but must be
contextualized to the map being navigated and its
current display form. For example, all closed nodes, all
open nodes, i.e. the “child” nodes of other nodes
displayed at the same time, or partially open, i.e.
providing only parts containing nodes and their children
displayed.

That said, it has been verified (Auth.1 & Auth.3, 2021a)
that dynamic concept maps can act as remediators in the
teaching and learning process, encouraging, precisely,
processes of remediation and integration between
conventional contents such as books and handouts and

.......

Gk

2E®®G @
PEO®O®@

Figure 1 - The graphical interface of DCMapp.
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new types of digital media such as dynamic concept
maps themselves. Through the use of DCMapp, students
had access to dynamic concept maps on the topics under
study, enriched with explanatory contents that they
explored from time to time during the study by moving
between the nodes, opening the nodes corresponding to
the “child” concepts, viewing the uploaded contents,
observing the relationships and, at the same time,
studying the textbooks (Auth.1 & Auth.3, 2021b). The
results of the cited work show that their use has brought
real benefits both in terms of reducing study times and
in terms of learning results.

The advantages of this approach (called DMRA,
DynaMap Remediation Approach; Auth.l & Auth.3,
2021a) could be further enriched if the DCMapp tool
were integrated with a tutoring system that, by analysing
each student’s actions in real time, is able to suggest the
actions to be taken at any time (Ifenthaler & Yau, 2020).

2.2 Intelligent tutoring and the ZPD

Since tutoring is a fundamental element in learning, its
transposition based on the use of computers has been
addressed in research initiatives (Merrill, 2013; Shin,
Sutherland, & Norris, 2012). Over the years, moreover,
many experiments have been conducted on the
integration of artificial intelligence techniques and
tutoring systems with the aim of obtaining an aid capable
of simulating the behaviour of a human tutor and
supporting the student during his learning activities
(Brusilovsky, 2006; Peebles & Cooper, 2010), giving
rise, precisely, to Intelligent Tutoring Systems (ITS).
Usually, ITS refer to Vygotsky’s theory of the Zone of
Proximal Development (ZPD, Vygotskij, 1978;
Wertsch, 1985). In short, the ZPD can be characterized
from both a cognitive and an emotional point of view.
From a cognitive point of view, when a student is
engaged in learning activities, the tasks proposed to him
should be neither too difficult nor too easy. From an
emotional point of view, the student should neither be
bored nor confused. Boredom is a direct consequence of
tasks that are too simple. Obviously, asking a student to
perform actions that are too simple inevitably leads to a
decrease in attention and a feeling of boredom.
Conversely, confusion is a direct consequence of tasks
that are too difficult. Asking for complicated actions
leads participants to be confused. Both boredom and
confusion can lead to distraction, frustration, and loss of
motivation.

Of course, optimal conditions differ for each student,
and, for the same student, they differ depending on the
contexts and learning environments. It is possible to
imagine the ZPD of a student who interacts with a given
learning environment, as a space consisting of a set of
states outside of which there are two extremes
represented by boredom and confusion.

During learning, the trajectory that the student follows
among these states is not linear and depends both on his
abilities and on the stimuli that he receives in terms of
activities and tasks to be completed. Starting from an

initial state, choices, or actions of the student himself,
determine the transition to a new state.

Attention and memory take on a voluntary and
controlled connotation by the student when the
mediation process supports abstraction, synthesis, and
symbolization. Higher psychic functions are enhanced in
the space of the ZPD if the activities presented are
supported by the action of an expert (peer or adult) or by
any artefact/tool capable of supporting the advancement
process (Vygotsky, 1934/1997). Effective teaching is
such when it precedes development, that is, it guides the
psycho-intellectual functions in the maturation phase.
For this reason, the minimum threshold exceeded to start
a mediation that activates the potential for expanding
intellectual capacities must be considered, moving from
what the student is able to do to what he or she does not
yet know how to do (Vygotsky, 1934/1962). In this way,
knowledge is not fixed, but it is dynamic, and it is
constructed and redefined every time the student
interacts with different tools and sources, giving rise to
active and conscious learning (Vygotsky, 1934/1997;
1978).

Starting from the new state reached, it will then be
possible to move further towards other states until a pre-
established objective is achieved. Starting from a state
Si it is possible to perform an action ¢ that determines
the transition to a new state. So, to clarify the ideas on
this matter, it is possible to hypothesize a representation
model in which there is a set of states that characterize a
student’s learning path until reaching a training
objective. Alongside these states, there are others that
can identify, precisely, the states corresponding to
boredom or confusion (see Figure 2).

Confusion

s ) LEARNING
@ i GOAL
Y TNy ) f
1 -

Zone of Proximc

A »{ Sg Development
| S1 as ﬁ Sa 4
a T az ‘ /
3 » Ss B
So a S, ag A~

Figure 2 - Set of states of the ZPD.

Moving within the ZPD without “crossing the line” into
boredom or confusion means ensuring effective and
efficient learning. The role of a tutor could be
understood precisely as a “guiding” intervention capable
of suggesting to the learner the actions to be performed
from time to time based on the difficulty of the actions
themselves and the learner’s abilities, in order to allow
him to reach the learning objective set in the best
possible way, that is, going through states that are within
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his ZPD and avoiding actions that are too simple that
lead him to a state of boredom, or actions that are too
complex that lead him to a state of confusion.
Furthermore, the role of the tutor is also to implement
corrective measures to return to the ZPD from a state of
confusion or from a state of boredom (Van de Pol et al.,
2015; Liu & Wang, 2021).

When working with ITS, two phases must be foreseen:
the first, in which the intelligent system is trained to
carry out its role as a tutor; the second, in which the
system, ready after training, is used to support a learner
during his learning path.

The first training phase can follow various algorithmic
approaches (supervised training, clustering, rules, Fuzzy
logic, etc.) that depend on the operating logics that you
want to implement or on the availability of the data to be
processed. In any case, the first phase is fundamental and
preparatory to the second phase.

In the second phase, the ITS must be able to operate
within a learning environment (i.e. an e-learning
platform; in this case, DCMapp) analysing the learner’s
actions, preferably in real time, and intervening as a
tutor, precisely, when particular events or situations
occur (Fenza, Orciuoli & Sampson, 2017).

3. The DCMapp integration project

3.1 The intelligent system for DCMapp

Let us now try to contextualize the learning environment
in which a learner moves and the related states in which
one can find oneself, when using DCMapp in navigation
mode (Novak & Caiias, 2020). The state is, therefore,
what the learner is viewing in the application, it is the set
of displayed/closed nodes and their arrangement on the
screen. The actions that determine the transitions from
one state to another are, in fact, the actions that the user
can perform on DCMapp.

Imagine, for example, a map with only the “root” node
displayed (see Figure 3). The permitted actions are: 1.
Node selection, 2. Content display, 3. Opening child
nodes and 5. Node dragging. While instead, if the map
already displays the root node and two child nodes (see
Figure 4) that in turn have other child nodes that can be
displayed, the possible actions are, for the root node, 1.
Select node, 2. Display content, 4. Close child nodes, 5.
Drag node and for the other nodes, 1. Select node, 2.
Display content, 3. Open child nodes and 5. Drag node;
furthermore, on the entire map it is possible to perform
the action 6. Drag map. Naturally, as you proceed, the
possible actions increase with exponential growth
depending on the nodes displayed and the overall
situation that the student is experiencing.

Actve mp: st

Buildings [+]

Figure 3 - Map with only the root node displayed.
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Figure 4 - Map with the root node and two child nodes displayed.
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Therefore, it is possible to observe many states related
to the current view and many transitions from the current
state to other states based on the actions that the user
performs directly in DCMapp. Since the user-learner has
the ability to choose the action to perform by
determining a transition from the current state to a new
state of the system, a possible integration of an ITS in
this environment could be aimed at suggesting the action
to perform based, obviously, on the current state and
with the intent of keeping the learner in his ZPD.

However, due to the exponential growth of possible
actions due in part to the characteristics of the map and
in part to the actions that the user performs during
navigation, it is complex to estimate how many states
and possible transitions there are in the entire system
considered in order to model an ITS and design its
operating rules. This means that it is difficult to
contemplate a priori the possible suggestions to provide
to the user who navigates based on the actions that he
has performed, or the state he is in.

Therefore, an approach to designing the ITS as a rule-
based expert system for which the operating rules are
defined before it is put into operation would be difficult
to implement.

This implies that we need to lean towards adaptive
approaches that are able to learn directly from a human
tutor, to adapt to the situation that occurs and to replicate
what the tutor himself would do to support the learner.

Let us try to imagine a device that observes a tutor while
he presents the navigation of a map within DCMapp and
learns his actions. Therefore, considering DCMapp
during navigation as a system able to change state
starting from an initial state and depending on the
actions performed by the person using it to navigate, the
whole thing can be traced back to a temporal series of
states. Each state S; at time ¢ is a function of the previous
state Sr.; at time #-1 and of an action a.1 performed by
the user at time #-1.

S = f(Se-1, 1)

The function f'depends on the DCMapp application, that
is, on the functions allowed to the user and on the
characteristics of the map that the user is navigating.

After the tutor user has used DCMapp and navigated the
map by interacting with it and performing actions, there
will be a series of states that go from an initial state So to
a current state Sc, passing through the various states
corresponding to various moments experienced during
navigation.

S0,51,S, 0, Sc

Imagining this temporal sequence as the sequence of
reference states, the role of the tutor can be traced back
to the function of suggesting the next state, given the
current state. Since the current state can be reached by
going through various sequences of states, it would be
preferable to take into account the entire sequence of

states from So to Sc, to suggest the action to be performed
to determine the transition to the next state. The intent of
the tutor is, in fact, to suggest an action that leaves the
learner in his ZPD. This therefore implies that the ITS
must be able to learn and do the same.

Learning could be based on a set of patterns each
consisting of sequences of states of length p and the
action to be performed to determine a transition to a state
that is still in the ZPD of the learner.

(So» S1,S2s ver Sp_1, Ap_1)

(S1,S2,S3, e Sp) @)

(52,83, S4s s Sp41, Aps1)

(Sc—prSc—p+1> -+ Sc-2,Sc—1,Ac-1)

In the first phase, the training of the ITS on these
sequences should be such as to allow, in the second
phase, to estimate, given the sequence of the last p states,
what action could be performed to determine the
transition to the next state ensuring that the learner
remains in his ZPD.

This approach requires three considerations. The first
concerns the algorithmic technique to be used to train
the ITS; the second concerns the length p of the patterns
for training the ITS; the third, finally, concerns the
effectiveness on different learners who have different
ZPDs.

With regard to the algorithmic technique to be used, it
has already been previously underlined that, given the
exponential number of states of the system based on the
navigation of a dynamic conceptual map using
DCMapp, any technique based on the definition of rules
is not easily practicable (Russell & Norvig, 2016).
Therefore, techniques based on adaptive learning
algorithms (e.g. supervised artificial neural networks)
appropriately designed to learn the logical relationship
between each sequence of states and the action to be
taken remain practicable (Zhang & Lu, 2022). A system
trained in this way will then be able to offer support,
when a sequence of states occurs, providing a prediction
of which action to take (Chen & Chung, 2019). Among
the adaptive techniques, the one that could be used is
precisely an artificial neural network. It would have p
input neurons, each of which acts as a receptor of one of
the states of the temporal sequence of states crossed and
a single output neuron that reproduces the action to be
taken based on the sequence of states detected by the
input neurons. This network would be trained using as a
training set, the patterns obtained from the navigation
carried out by a human tutor. In other words, it would
involve applying a supervised learning algorithm to a
neural network and using the trained network as a
prediction system. Thus, the number of input and output
neurons is defined (see Figure 5). Its internal structure,
i.e. the numbers and levels of intermediate neurons (the
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hidden neurons), would still need to be defined. For this,
one can rely on statistical analysis techniques performed
on the available data (the training set) or on heuristics
regulated by classification experiments conducted on the
same data by models with a different structure.

Sp+1

Next state

Output

(51,52, S3, ) Sp, ap) Input
p previous states and

the action

Figure 5 - The artificial neural network that gets
as input the p previous states and the action and
returns back as output the next state.

Regarding the length p of the patterns for training, we
fall into a known problem when using intelligent
systems based on learning algorithms for the prediction
of historical series. Beyond the statistical analyses that
can be done with an available training set, it is a good
idea to carry out, as for the structure of the neural
network, experiments and comparisons to be able to
choose the one that works best with full knowledge of
the facts, having a human tutor as a reference. In any
case, both for these details and for the underlying
algorithmic choice, an experimental verification is what
is needed to confirm or refute the choices made.

Finally, regarding the effectiveness on different learners
and therefore on different ZPDs, the reflection is
decidedly complex since the problem could be addressed
in several ways. The first is to capitalize on the
experience of a human tutor and reproduce it in the ITS.
This means enriching the training set with all the cases
that concern different students and related situations. A
practicable approach, not impossible, but decidedly
expensive. Another possible approach is instead to limit
the training set to ideal situations that gravitate around
what the human tutor would show and to address the
specific cases of individual students by detecting in real
time, through appropriate indicators, their cognitive and
emotional state to have feedback on the effectiveness of
the actions performed and on their actual permanence in
the proximal development zone. These indicators would
thus provide signals to be able to intervene with actions
aimed mainly at recovery: a student who is going outside
his or her proximal development zone must be corrected
with a suggestion that makes him or her stay within it; a
student who has fallen outside his ZPD, must be
corrected with a suggestion that allows him to re-enter it
and ensure effective learning.

Generally, the reference indicator for remaining in the
ZPD is the difficulty. According to Vygotsky (1978), the
ZPD is the range between what an individual is able to
do alone and what he can do with the help of a more
experienced partner. A task placed within his ZPD is
sufficiently challenging to stimulate learning, but not so
difficult as to discourage it. The optimal difficulty
allows the individual to extend his knowledge and skills,
with adequate support. In other words, the difficulty acts
as a catalyst for cognitive growth, pushing the individual
to overcome his limits and build new knowledge (Wood,
Bruner, & Ross, 1976). Where it is possible to
discriminate between more difficult and easier actions,
an effective learning path is structured with a sequence
of actions that present a level of difficulty suitable for
the participant. This means proposing more or less
difficult actions based on the state in which the learner
finds himself.

Having seen which actions are available in DCMapp
during navigation, with regard to the measure of
difficulty, it is not so much the action itself that can be
defined as more or less complex, but rather the
knowledge that is “discovered” by the learner who
navigates. The concepts that are represented within the
map refer to elements of knowledge, to specific
knowledge, but also the relationships between them
represent notions, logical links that can be more or less
complex to understand. While navigating the dynamic
map, the learner can discover parts relating to concepts,
can visualize relationships that were previously hidden,
can visualize the contents relating to the various nodes.
The learner, by carrying out actions in DCMapp, can
therefore choose what to visualize and find himself
represented something that has, in any case, its own
complexity.

Each of these elements can be assigned a difficulty. This
difficulty is therefore the indicator to take into account
during navigation to verify permanence within the ZPD.
Imagine that each action of the learner during navigation
corresponds to the visualization of something that has an
overall difficulty. For example, there is only one concept
displayed on the map, or there are multiple concepts with
relationships between them. The difference in difficulty
between two states corresponding to the elements
displayed before and after a completed action could be
more or less high. This difference should be monitored
because, if too high, the learner could find himself in a
state of confusion; if too low, the learner could find
himself in a state of boredom. Both situations, as
previously mentioned, are situations that should be
avoided. The intelligent tutoring system should monitor
these parameters for each learner and avoid these
situations.

But what is missing to complete this picture? What is
missing is the assessment of each learner’s ability in
terms of how much overall difficulty, or how much
variation in difficulty, they can tolerate during
navigation, in order to avoid limit states and ensure an
effective learning path that does not go out of the ZPD.
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Each learner has this aspect as a specific characteristic
and it refers to the optimal difficulty, that is, the
appropriately calibrated challenge that stimulates
learning without demotivating it (Wiggins & McTighe,
2005). To assess whether a task or activity presents the
optimal difficulty, it is essential to carefully observe who
is tackling it. If the student seems bored or distracted, the
task may be too easy; on the contrary, if they show
frustration or anxiety, it may be too difficult (Hattie,
2009). This assessment through observation could be
usefully enriched by collecting feedback through
questionnaires or interviews to understand how each
person perceives the level of challenge (Marzano, 2007).

This aspect allows us to better define the ZPD and
translates, in fact, into a pair of limits that should not be
exceeded during learning, or in our case relating to the
use of DCMapp, during the navigation of a dynamic
conceptual map. These limits are a minimum threshold
below which not to go to avoid falling into boredom and
overly simple conceptual representations and a
maximum threshold above which not to go to avoid
crossing the line into confusion and overly complicated
conceptual representations. These limits are not static
and absolute, but dynamic and a function of the state that
the learner is experiencing. This means that the detection
could require real-time interactions. Therefore, starting
from the sequence of reference actions obtained through
the tutor’s navigation, our ITS should be able to suggest
the next action to be performed and, in the event that the
difference in complexity should be beyond the
thresholds of the individual learner, suggest alternative
actions that allow him not to exceed these thresholds.
The ITS should provide, in addition to the action to be
performed based on the sequence of states, also
alternative actions that allow for increasing or
decreasing the overall difficulty of the conceptual
representation that is being shown to the student.

On the other hand, what a teacher does when explaining
something is to adopt simpler definitions and examples
when he sees his students in difficulty or, vice versa, to
proceed towards more complex concepts when he
realizes that his students are following him and are able
to grasp the meaning of his explanations.

All of this, therefore, can be addressed by training the
ITS through a training set consisting of sequences of
states and actions to be undertaken that are alternatives
to each other and correspond to different levels of
difficulty. That is:

inf sup
(S0, S1,S2, s Sp1, A1, Ap—1, A7)

inf sup
(51,52,53,...,Sp,ap ) Ay Ay )

inf sup
(852,53, 84 +»Sps1s Qi1 Apr1s Ay

inf sup
(SC—p'SC—p+1' 'SC—Z'SC—lﬂ ac—y ac-1, ac—1

In each pattern of the training set, there are p states and
three actions: an action marked with a superscript inf
that corresponds to making the overall difficulty lower
than the current one; an action marked with a superscript
sup that corresponds to making the overall difficulty
higher than the current one; an action without a
superscript that corresponds to the action performed by
the tutor.

The structure of the intelligent system to be trained on
this training set changes slightly as the inputs remain p
while the outputs are now 3. The same considerations
made previously apply to the choices relating to p, the
structure, the number of internal neurons and the hidden
layers.

3.2 The operation of the intelligent system for
DCMapp

The operation of the ITS for DCMapp includes, as
previously mentioned, a training phase and a run-time
operation phase. The training phase includes a teacher-
tutor who navigates, and the operation phase includes
the presence of a student who uses DCMapp.

Let us then imagine the presence of a dynamic
conceptual map within DCMapp and imagine a teacher-
tutor who, while giving an explanation to his students,
navigates the map starting from the root node and
gradually opens the child nodes, viewing the
relationships and contents. The teacher-tutor, at every
moment of navigation, must contemplate alternative
actions that may be simpler or more difficult than the
one performed.

All this navigation is traced in terms of system states and
alternative actions, to be able to prepare the training set
as described previously.

Once the training set is ready, it is possible to proceed to
the training phase. In this phase, the ITS learns which
actions to perform based on the sequence of states
observed during navigation.

Once training is complete, the ITS is ready to be used at
run-time as an intelligent tutor capable of suggesting to
each learner, based on the sequence of states
experienced, what their next action could be and any
alternative actions that allow them to remain in their
proximal development zone, or to continue on an
effective learning path.

To function at its best for each learner, as a final step, a
module is needed to detect the learner’s conditions with
regard to their ability to tolerate the level of complexity
proposed to them. In short, it is necessary to detect the
cognitive and emotional state of the learner to deduce
what their limits of tolerance are with respect to the
situation they are experiencing.

This module becomes fundamental because it allows the
ITS to choose which action to suggest to the learner
based on simple rules. The idea to be applied can be
formalized in an operating rule:
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IF Deltar,;piz; > SUPlimit, THEN a,
ELSE IF Deltaropiry < INFlimit, THEN a,®
ELSE a,

Where Deltar,qpify means, given a topic covered, the
overall difficulty difference of the representation of
concepts and relations in DCMapp calculated between
the current state and the immediately preceding state,
SUPlimit, and INFlimit, are respectively the upper
and lower limits of the learner x regarding the variation
in difficulty that he is able to tolerate within the topic
covered. If the overall difficulty difference calculated on
two consecutive states Deltaroniyy exceeds the capacity
of the learner x (i.e. his maximum tolerance limit
SUPlimity), it is necessary to lean towards an action a;"f
that makes the conceptual representation simpler.
Conversely, if the overall difficulty difference
Deltarpiy falls below the lower tolerance limit

INFlimits, it is necessary an a,"" action that makes the

conceptual representation more complicated and, thus,
more stimulating.

The overall architecture of this integrated system is
shown in Figure 6.

Tutor Learner .
Cognitive and

p— emotional sta
Actions

Training set

Suggestions

Learner limits

L Run-Time
Training

Tutoring

Figure 6 - The operation of the integrated
DCMapp and ITS system.

4. Conclusions

This work lays the foundation for the design of an
intelligent system that, appropriately integrated with
modules for the detection of the cognitive and emotional
state of students, can adapt to the individual needs of
students and ensure effective and personalized learning
(Fenza, Orciuoli & Sampson, 2017).

The work described here starts from the use of dynamic
concept maps through the DCMapp application,
integrated into the e-Lena platform, to improve learning.

DCMapp allows the creation and navigation of dynamic
concept maps, facilitating the integration between
traditional and digital content. Dynamic concept maps,
as demonstrated by Marzano and Miranda (2021a), can
reduce study times, and improve learning outcomes. The
article proposes the integration of an intelligent tutoring
system based on Vygotsky’s (1978) theory of the zone
of proximal development, to suggest optimal actions to
students while navigating the concept maps. The details
proposed in this paper can represent the foundation for
the design and the implementation of this intelligent
system and become the starting point for a future
experimentation.
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Abstract

The vast collection of paper documents and books stored in university archives worldwide represents a significant, yet
often inaccessible, cultural heritage. To address this, the University of Genoa, Italy, is digitizing a variety of materials,
including books, manuscripts, archival documents, and museum-related items. Making this heritage accessible requires
providing alternate descriptions, metadata, and transcriptions, especially for ancient texts where OCR is ineffective. This
paper presents the design of a transcription system for the University Museum System (SMA-UniGe), which is currently
under development, featuring user-friendly interfaces and engagement techniques. The system leverages gamification to
turn transcription into an engaging experience, aligning with the University’s mission to promote public engagement and
contribute to social, cultural, and economic development through knowledge sharing.
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1. Introduction

After completing the inventory of cultural assets within
the University of Genoa in July 2021, it became clear
that this heritage should be accessible without barriers.
The University decided to establish the University
Museum System (SMA) to digitize and archive its
cultural heritage on a single online platform, making it
accessible as an interactive exhibition. This collection
includes structured museums, archives, botanical
gardens, biobanks, and smaller collections.

Digitization and transcription are key to making this
heritage discoverable and accessible for education,
research, and public sharing, following the FAIR
principles (Reiser et al., 2018) and Open Science (Ignat
& Ayris, 2021). While OCR and HTR tools have shown
promise, they are not accurate enough for the fine
handwriting and contextual elements in UniGe
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manuscripts, despite the progress achieved with the
implementation of Al and Machine Learning (Khan et
al., 2024; Memon et al., 2020). Therefore, a novel
human-based transcription system has been developed,
leveraging Citizen Science (Bonney et al., 2016),
crowdsourcing (Estellés-Arolas & Gonzalez-Ladron-de-
Guevara, 2012), and public engagement (Davies, 2020),
aligning with the “third mission” of universities to
generate knowledge for societal benefit. Maintaining
user engagement is crucial, as gamification encourages
higher participation and work quality (Lin & Ding,
2023; Morschheuser et al., 2017). This crowdsourced,
gamified transcription project also provides educational
benefits, enhancing volunteers’ understanding of
cultural heritage, archival research, and language
proficiency (Kim et al., 2015). It fosters critical thinking,
attention to detail, and technological literacy, as
volunteers learn to use digital tools for transcription and
archiving. Collaborative problem-solving and peer-to-
peer interaction further enrich the experience, promoting
teamwork and community.

Peer review processes encourage accuracy and foster
critical evaluation skills. Gamification elements, such as
points, levels, and rewards, enhance motivation and
engagement, making the transcription process more
enjoyable and fostering sustained participation.

Since the transcription portal is still under development,
this paper focuses on analyzing the engagement and
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gamification strategies adopted, as well as the design
choices that shape its usability and aesthetic identity. In
accordance with a user-centered and iterative design
approach, comprehensive formative evaluations,
including usability testing and pilot studies, will be
conducted once the platform is finalized. These
evaluations will involve the diverse target groups
identified and characterized in this study, allowing for
the refinement of both interface design and gamification
mechanisms prior to full deployment.

2. Related Works

The web has enabled anyone to have access to a free
space for acquiring information on a large scale, leading
to new methods of content delivery and tools for
accessing it (Schreiber, 2013). In the last two decades,
numerous projects for document transcription were
developed (Leon, 2014), but to realize this one, two
specific realities have been taken as a model. In
particular, the study focused on information architecture
and engagement dynamics, to create a satisfying
environment in terms of user experience and user
interface design.

The former is the American Smithsonian Institution,
which, with its platform “Smithsonian Digital
Volunteers: Transcription Center” has created a space
where “digital volunpeers” (Ferriter, 2014) can
collaborate and contribute to transcription. The latter is
the European Europeana, which has devised a more

comprehensive  transcription ~ experience  with
“Transcribathon” (Feliciati, 2022) applying
gamification dynamics to motivate users in a

collaborative and competitive context, comparing the
transcribed characters to miles covered in a marathon.

2.1 Smithsonian Digital Volunteers: Transcription
Center

The Smithsonian Institution was founded in 1846 by
James Smithson (1765-1829) with the aim of creating a
place for culture and the dissemination of knowledge.
Currently, it comprises 21 sites including museums,
galleries, and a national zoo, making it the largest
museum, educational, and research complex in the
world. Its main goals are to preserve cultural heritage,
foster new discoveries, and share its resources with the
world. To pursue its mission, the Smithsonian Institution
has been engaged in the process of digitizing its cultural
heritage since 2013. It created a portal where
“volunpeers” can access documents, browse and
transcribe them (Gunther et al., 2016). After completing
their transcription, volunteers have the opportunity to
review their own work, while also having the option to
review the work of others.

2.2 How to transcribe

The “Smithsonian Digital Volunteers: Transcription
Center” portal lacks a responsive design, complicating
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navigation on devices other than desktops or laptops.
The homepage features a mixed layout: a non-fixed
header with the Smithsonian logo linking back to the
homepage on the left, a navigation menu on the right,
and links for “signup” and “login”. Below this, a
slideshow displays news, new projects, and invitations
to collaborate on transcriptions. Upon scrolling, the page
is divided into three columns:

1. Instructions for volunteering or following
Smithsonian on social media;

2. A central section with a drop-down menu for
browsing projects;

3. Updates on transcription activity, including
revisions and completed pages with links to the
relevant documents.

The footer contains links to the Smithsonian homepage,
collections page, terms of use, privacy policy, and an
Adobe Reader download. Document searches can be
performed via a “search” button in the header, allowing
keyword searches across all projects or specific ones
from a drop-down menu. The search results appear in a
table displaying pages with matching terms, including
project and collection details. Projects can also be
viewed by selecting the “projects” option in the header,
showing clickable boxes with status markers: red for
ongoing transcription, yellow for review, and green for
completed pages. The transcription page is split into two
resizable columns: on the left, a viewer shows the
document image, and on the right, volunteers can input
transcriptions and notes. Buttons for layout
modification, document navigation, PDF download, and
social media sharing are located around the transcription
area.

2.3 The community engagement

The organization of a community is not foreseen within
the Smithsonian transcription portal, as can be seen from
the official document “Tracking Volunteer Work in the
Transcription Center” which highlights that it is not
necessary to register to transcribe. However, the account
becomes essential at the time of review and if you want
to keep track of your work, even if a note reads: “The
Transcription Center does not record the number of
hours a volunteer contributes, but the “My Work” report
does include dates and times that a volunteer
participated on a project page”; this means that in the
“My Work” section it is possible to view the date and
time in which your contribution was made to that
specific project, but not the total amount of time spent
carrying out the transcriptions themselves. In reference
to a personal aspect of the target of the experience,
according to the community management policies,
registration on the portal is intended exclusively for over
14s while users under 14 can only consult the material.
However, there is no real age control, but it is entirely
up to the user to declare whether or not, by clicking on a
button, they are more or less than 14 years old.
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2.4 Europeana Transcribathon

Europeana is a digital library that brings together the
cultural heritage of European archives, libraries, and
museums, making their collections available for anyone
who wishes to browse their documents out of curiosity,
educational purposes, and research. Directly quoting the
official website, its mission is to “empower the cultural
heritage sector in its digital transformation” and
“develop expertise, tools, and policies to embrace digital
change and encourage partnerships that foster
innovation” (Europeana, 2022). Europeana’s vision is to
provide cultural heritage for professional, educational,
or leisure purposes, promoting its development on the
web through the integration and enrichment of metadata
for the digital content made available (Di Giorgio, 2014;
Macri and Cristofaro, 2021). Through the hamburger
menu located at the top left of the homepage screen,
users can access the “collections”, which are macro-
categories containing individual objects in different
forms. However, the content of these media is not easily
discoverable through a simple search on providers, and
it is not possible to extract citations for theses or research
if needed. For these reasons, they create
“Transcribathon”, a portal cofinanced by the European
Union where anyone, upon registration, can engage in
the transcription, geolocation, and dating of digitally
acquired documents.

2.5 How to transcribe

The registration process requires users to provide a
username, first name, last name, email, country,
language, and password. All users begin at the “Trainee”
level and can progress through higher profiles by
accumulating miles and unlocking new features as they
complete transcriptions. Documents for transcription
can be found through the archive, an interactive map, the
search bar, or by joining themed “runs”.

Search results are displayed as a grid or list, with
document status indicated by color: gray for “not
started,” yellow for “in progress,” orange for “awaiting
review,” and green for “completed”. Filters are available
on the left side to refine search results. Clicking on a
document opens its “cover” page, which includes
general  information, metadata, and progress
percentages. On the transcription page, users can
transcribe text and add tags such as dates, locations,
people, document type, keywords, and external
resources. All edits and additions require confirmation
through a review process.

2.6 The community engagement

Undoubtedly, among the two analysed portals,
“Europeana Transcribe: Transcribathon” has the most
comprehensive and interactive experience, considering
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the playful context in which the transcription action is
placed, metaphorically likened to the world of a
marathon where miles become transcribed characters,
and users can assume the roles of “Trainee”, “Runner”,
“Sprinter”, and “Champion”, as well as create their own
running team (Morschheuser et al., 2019). For
Transcribathon, an engagement system was designed
based on the world of marathons, matching written
characters to miles traveled and some categories and
themed events to “runs”, i.e., monothematic races. As
anticipated in the introduction to this portal, the
volunteer transcriber climbs four levels, which are also
linked, in their naming, to the environment of the
marathon. Each level has its own “skills”, rewards for
continuity in transcription and for user loyalty.

3. The case study of University Museum System
at UniGe (SMA-UniGe)

3.1 Methodology & Goals

The SMA-UniGe project arises from the need to
consolidate the extensive cultural heritage of UniGe into
a single repository and make it readily accessible online
through a user-friendly interface and an engagement
system specifically designed for this purpose. The
primary goal was to capture, using high-performance 2D
and 3D scanners, images of each individual page of
ancient tomes, manuscripts, postcards, labels,
cartography, and even exam papers, ensuring their high-
definition presentation to all individuals interested in
participating in their digitization process or those who
simply wish to remotely browse through them. The
census of these documents was completed in July 2021,
resulting in a significant number of documents that need
to be digitized and categorised to prevent them from
being lost or scattered. The mission of the project is
evident: to make the cultural heritage of Genoa
University discoverable, understandable, and accessible
to individuals worldwide. By doing so, researchers,
students, professors, and enthusiasts will have the entire
archive of UniGe’s cultural heritage at their fingertips
with a simple click, regardless of their location.

The transcription of scanned documents will be carried
out by the so-called “digital volunteers”. A digital
volunteer can be anyone, from a university professor to
a student, from an enthusiast to a curious individual.
They will be the driving force behind the transcription
process and are the ones who, out of experience, passion,
or simply for fun, dedicate their time to deciphering each
individual character that composes the works in the
archive. Digital volunteers resemble the role of paid
solvers of CAPTCHAs (Completely Automated Public
Turing test to tell Computers and Humans Apart)
(Woods, 2021). CAPTCHAs are sequences of distorted
letters and numbers often displayed in a confusing
background and are typically encountered at the end of
online registrations or used as a Turing test to confirm
one’s human nature and keep malicious bots at bay.
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Similarly, digital volunteers use their free time to
decipher the often complex and challenging documents
presented on the platform. However, their motivations
are different from simply seeking monetary gain. In fact,
in the SMA-UniGe, there is no monetary reward.
However, engagement is fueled by a gamification
system that includes an immersive setting, various
gameplay modes, as well as interaction with other
volunteers. This system also allows volunteers to earn
experience points and receive rewards from affiliated
organizations.

000
[ s )

a

EXPLORE

RANDOM COMMUNITY

Figure 1 - Homepage after login.

Gamification is the process of transforming a non-game
activity by incorporating game elements and game
design techniques to make it more captivating, thereby
stimulating cognitive processes associated with
satisfaction and providing an additional positive impetus
for accomplishing that activity (Werbach and Hunter,
2012). The ultimate aim of gamification is not to create
an immensely complex triple-A title, but rather to devise
effective methods that enhance individual motivation in
both work and personal daily objectives (Coccoli et al.,
2015). Gamification prompts individuals to improve
their online and offline behaviours through the
utilization of game mechanics that ensure a constant
state of engagement. By actively engaging the user, the
experience becomes closely linked to the message being
conveyed, resulting in enhanced comprehension.
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Gamification enhances communication, collaboration,
and creativity, while boosting learning, motivation, and
interest in a flexible, mistake-tolerant, and digitally
adaptive environment (Lee, 2023; Zeybek and Saygi,
2024).

The design of our gamified platform is based on the
MDA framework created by Hunicke et al. (2004). The
MDA framework consists of three components:
Mechanics, Dynamics, and Aesthetics. Mechanics refers
to the game’s specific components and algorithms.
Dynamics describes how these mechanics interact and
behave in real-time. Aesthetics focuses on eliciting
desired emotional responses from players when they
engage with the game. The framework emphasizes that
games are designed artifacts, with behaviour and
interaction being more important than the media
presented to the player. This perspective supports clear
design choices and analysis throughout the development
process. The platform’s design aimed to take into
account both the selected objectives for the platform
itself and the intrinsic motivations of the users. It sought
to choose the most suitable mechanics based on the
needs and motivations of the end-users, offering a
flexible structure for the experience, allowing users to
personalize their journey according to their specific
requirements (Seaborn & Fels, 2015).

In order to study the different personas that could
potentially interact with our gamified platform and
predict how they would engage with it, we analysed
various player types. According to Richard Bartle
(Bartle, 1996), players can be categorized into four
distinct profiles.

(1) Achiever: This player embarks on gaming
experiences with the goal of obtaining all possible
badges and achievements, which they proudly showcase
on their dashboard.

(i) Explorer: The explorer is drawn to the world
presented to them and enjoys the thrill of uncovering
secrets and Easter eggs, finding fulfilment in the
discovery of new experiences.

(iii) Socializer: The socializer prioritizes collaboration
and socialization, dedicating less attention to
competition. Their primary objective is to connect and
engage with others.

(iv) Killer: Similar to achievers, killers find gratification
in acquiring badges and achievements. However, what
sets them apart is their intense competitiveness and the
subsequent satisfaction derived from seeing others lose.

The conducted analysis served the purpose of selecting
the most effective mechanics and internal rules within
the platform to make engaging the potentially tedious
experience of transcription. By understanding the
different player types, we aimed to incorporate game
elements that would cater to each user’s motivational
needs. The objective is to prevent premature
abandonment of the platform by ensuring that users find
mechanics that align with their individual preferences,
thereby making the offered content more appealing.
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