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Abstract

Generative Al introduces complexity by offering potential support for human skills development, while also generating
noise and false information in a postdigital context. Grounded in a Vygotskian perspective, this study explores the
combined use of argument mapping (AM) and ChatGPT as mediational tools for developing argumentative skills as a
proxy for critical thinking in higher education. These tools are conceptualized as socio-technical assemblages providing
double stimulation within students’ Zone of Proximal Development (ZPD), addressing how multimodal texts and Al
mediate comprehension of information (Col) and critical thinking (CT). Adopting a case study approach with a quasi-
experimental design, the research involved 17 female undergraduate students from the University of Padua, divided into
three groups: G1 working with analog texts, G2 with multimodal texts, and a control group interacting only with ChatGPT
(G3). Chatbot interactions were analyzed to explore its potential to support reflection and personal information re-
elaboration. Results indicate improvements in comprehension and critical thinking, especially in the multimodal group
(G2). G1 achieved weaker outcomes, possibly due to limited external stimulation. G3 outperformed G1 but showed stable
yet comparatively lower results in advanced argumentative reworking despite a positive median. Overall, AM seems to
support text comprehension and meaning reconstruction, while multimodality fosters the integration of multiple
perspectives. Generative Al can further support critical engagement and understanding of Al systems when embedded in
a structured pedagogical design rather than used “in the wild”.
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1. Introduction

Gathering and processing information is challenging
(Colombo, 2018), especially in today’s digital age,
where pervasive digital systems make accessing and
sharing true and false information effortless (Cortiana,

2017). Digital spaces have changed, evolving into what
is termed the post-medial (Rivoltella, 2020) or
postdigital era (Jandri¢ et al., 2024; Raffaghelli, 2024).
The “post” prefix reflects a reaction to digital
transformation, encompassing manipulation,
misinformation, and personal data marketisation (Knox,
2019). All these phenomena raise educational concerns
about addressing postdigitality critically, balancing
individual agency with democratic values (Means et al.,
2022; Macgilchrist, 2021).

The rise of generative Al (GenAl), such as ChatGPT
(OpenAl, 2022), complicates this landscape. Unlike
earlier tools that supported information navigation,
ChatGPT generates personalized responses through
dialogic interaction. Such generated information can be
extremely problematic and, as with past digital
paradigms (like the pro-social web represented by social
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media), it requires a critical stance more than ever. Not
knowing how to deal with them consciously makes
navigating the abundance of increasingly complex
information even more difficult (Roose, 2022; Lund &
Wang, 2023).

This research examines the incorporation of generative
Al, particularly ChatGPT, in higher education to
enhance argumentative skills, linked in the literature to
critical thinking (Wang et al.,, 2023; Crudele &
Raffaghelli, 2024a). The research is framed as an in-
depth case study conducted in a single authentic
educational context. It aims to explore how students
engage with argument mapping (AM) and Al-mediated
learning. The study does not pursue statistical
generalisation. Instead, it seeks to develop a situated
understanding of how these tools can support students’
comprehension of information (Col) and critical
thinking (CT). Beginning with AM as the primary
scaffold, ChatGPT was subsequently introduced as an
additional socio-technical mediator to assist students in
reworking argumentative texts. The study involved 17
female students enrolled in the “Training Evaluation”
course at the University of Padua. A hybrid learning
environment was established, combining asynchronous
information with face-to-face interactions. A quasi-
experimental structure was adopted with three groups:
one using analog texts, another multimodal text, and a
control group interacting solely with ChatGPT. The
findings indicated an improvement in comprehension
and critical thinking, particularly in the multimodal
group. Students’ interactions with ChatGPT were
examined for its capacity to facilitate students' reflection
and personal reinterpretation of material. The study
posed critical inquiries on the role of multimodal texts
and artificial intelligence in facilitating learning within
the student's Zone of Proximal Development (ZPD).
While both AM and ChatGPT contributed to CT
development, challenges remain regarding the effective
integration of Al in educational practices. Overall,
results suggest that, within the limits of this case study,
multimodal and Al-supported methods can enhance
students’ critical engagement and argumentative skills.

2. Background

2.1 The massification of Generative Al

Large Language Models (LLMs) and Al-driven
chatbots, like ChatGPT, have recently become widely
used for tasks such as verifying information, providing
feedback, and generating ideas (OpenAl, 2022). These
systems align with Luciano Floridi’s (2023) notion of
“artificial agents”, as they can “do things” — such as
generating responses — based on probabilistic
associations of topics and words. Beyond their artificial
nature, they exhibit “agency”, meaning they act in
contextually relevant ways.

Al holds promises for addressing significant challenges
in education (Bozkurt et al., 2023). Chatbots offer

21

distinctive  opportunities for flexible learning
experiences, immediate personalized feedback, complex
problem-solving, and anytime access to resources (Al-
Abdullatif, 2023).

However, their potential must be weighed against
limitations identified by empirical research. Generative
Al (GenlA) faces issues like “hallucinations”
(Petkauskas, 2023) and inaccurate content generation
(Haque & Li, 2024). Therefore, it cannot be considered
as an enhancement per se. Without critical evaluation,
such tools risk spreading misinformation (Petkauskas,
2023).

Moreover, the ability of Al to produce complex, human-
like texts raises ethical concerns. Connected to this are
all those concerns and consequent prohibitions of use in
the school and university context, especially because of
the possibility of using them to avoid intellectual work
(Garcia-Pefialvo, 2023). The use of chatbot technology
is a valuable educational resource, but it sparks a broader
debate about its implications. Developing “Artificial
Intelligence Literacy” (Cuomo et al., 2022) is essential
to ensure responsible use and to address its educational,
personal, social, and ethical impacts (Ranieri et al.,
2024).

2.2 Argumentative Skills and their role in the
postdigital world

In today’s digital and complex world, the ability to
understand and rework information remains essential
(Canale et al., 2021; Crudele & Raffaghelli, 2023a). Yet
traditional cognitive and educational tools are
increasingly insufficient for addressing contemporary
learning demands. Although access to information has
expanded significantly, this does not necessarily
translate into greater autonomy in thinking. This
condition has prompted renewed reflection on the effects
of postdigitalization on learning (Ranieri, 2019) and on
the personal and educational needs required to navigate
this landscape effectively (Means et al., 2022).

These challenges become especially evident when
students engage with arguments. The development of
argumentative skills fosters critical thinking and
prepares individuals to engage actively in society
(Iordanou & Rapanta, 2021). Facing a discussion, if
prepared to understand, evaluate, and reflect, one learns
by “formulating new hypotheses” without mechanically
repeating what has been read and deemed most correct
(Avenia, 2021). However, many students still struggle
with understanding, recognizing, and reframing
arguments (Alotto, 2021; Crudele & Raffaghelli,
2023a). A difficulty further intensified by multimodal
(Kress, 2013, 2015) and digital information systems
(Pangrazio & Selwyn, 2019), which complicate
traditional reading and writing processes (Howell,
2017).

For these reasons, this case study focuses on future
educators and professionals in the educational sector.
Providing them with tools that highlight the value of
argumentation in the digital age enables them to apply
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newly acquired skills to real educational contexts. The
aim is not only to strengthen argumentative competence
during the intervention, but also to prepare them to
navigate an evolving educational environment and face
the challenges of using Al critically and responsibly as
future professionals.

Within this framework, argumentative maps (AM) offer
graphical support for clarifying the logical-syntactic
chain of complex reasoning (Carrington et al., 2011;
Lidéker, 2018; Crudele & Raffaghelli, 2023c). Unlike
common mind or concept maps, they use an inverted-
tree structure with boxes and arrows to represent
propositions and inferential relations. Propositions are
color-coded according to their function (thesis,
objections, reasons, etc.), while arrows indicate the type
of logical relation involved (“because”, “but”, etc.). This
visual system simplifies argument structures, helping
readers follow the analysis and evaluate the coherence
of the reasoning (Alotto, 2021). Already effective for
decoding and reconstructing arguments, AMs have now
been reimagined for navigating dynamic digital
environments effectively (Crudele & Raffaghelli,
2023b).

An additional layer of complexity lies in interacting with
human, non-human, or “multi-agent” systems. Recent
research explores how Al integration into learning, such
as algorithms drawing valid inferences (Kim et al.,
2022), can support the development of new
argumentative skills. Today, we can talk about how
interaction with Al can foster argumentative learning,
refining the “best way to talk to the machine” (Mollick
& Mollick, 2023; Ranieri et al., 2024). Effective
interaction with Al requires critical questioning of its
outputs rather than passively accepting them (Panciroli
& Rivoltella, 2024).

This approach reframes Al as an intelligent “peer” rather
than a mere tool, encouraging a deeper, more specific
engagement to generate meaningful outputs (Ferrarelli,
2024). One should think about introducing students not
so much to the basic actions of interacting with Al, but
to the activation of knowledge and more critical use of
these new channels (Ranieri et al., 2024). This marks a
new dimension of argumentative skills through a post-
human lens.

2.3 Double Stimulation and Mediation

In a reaction to the behavioral psychology based on the
“stimulus-response” deterministic vision, Lev Vygotsky
(1978) asserted that human actions and psychological
functions are facilitated by tools. The concept of
“mediated action” is typically illustrated by a triangle
including subject, mediating artifact/tool, and object
(Wertsch, 2007). This scheme encompasses both
technical tools that interact with objects and
psychological tools that mediate the mind and
environment. The tools introduce cultural symbols and
signs (Vygotsky, 1934/2023), thereby supporting the
relationship between the subject and her cultural context
and highlighting that no response can just be triggered
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by a stimulus as an abstract entity. Vygotsky called this
“double stimulation”. The two categories of stimuli are,
for example, a given piece of information in a digital
context, and the ability to read it (hence introducing
informational literacy). These categories aim to
objectify internal psychological processes to track the
evolution of advanced cognitive capabilities and
elucidate their structure. Sannino (2015) problematizes
this process, considering that “although second stimuli
play a crucial mediating function, (...) the emergence of
volitional action involves conflicts of motives as a key
component which has largely been neglected in
discussions of double stimulation” (p.2). The volitional
action that this author brings to the fore is key to the
subject’s intention to interact with the signs.

Several authors have considered the relevant role of
mediation within digital contexts, going beyond the idea
of the digital as a phenomenon “producing” learning
(Fadeev, 2019). In this literature, the digital spaces,
interfaces and applications become mediational means
that introduce socio-cultural and semiotic elements. In
an intentional act of interacting with such elements, the
learner decodes signs and triggers inner dialogues that
let her cross the zone of proximal development (ZPD) in
some direction. Building on this theoretical framework,
this paper investigated the double stimulation produced
by AMs and ChatGPT as socio-technical artifacts on
students' argumentative responses. We emphasise here
the relevant role of volitional interaction with such tools.
With AMs, the study assumed that creating a structured
space for understanding, revising, and reconstructing
information (Col) is a key element in the development
of argumentative skills. Likewise, it was hypothesized
that critical and goal-oriented interaction with the
ChatGPT agent for reformulating and rethinking
argumentative perspectives could develop these skills
while fostering a deeper understanding of intelligent
agents (Crudele & Raffaghelli, 2024a).

3. Materials and methods

3.1 Aims and Research Questions

The research starts with a) a macro-focus comparing the
3 groups, and b) within this, a more specific comparison
between two of the experimental groups.

Starting with the second focus, the study aimed to 1)
investigate whether AMs supported students' Col
enhancement and critical reframing (CT) and 2)
investigate whether interaction with generative Al
supported students in reframing information (related to
Col) and critically constructing assessment tools from
scratch (skills related to CT).

These objectives led to an initial reflection on how the
two tools mediated learning within the Zone of Proximal
Development (ZPD), focusing on skill acquisition in Col
and CT. At the macro level, the research explored
whether not mastering the mapping methodology might
hinder students' ability to rework opinions effectively.

© Italian e-Learning Association



Crudele, F., & Raffaghelli, J.E.

Je-LKS, Vol. 21, No. 3 (2025)

As a third objective, the study 3) investigated whether,
required to produce a complete opinion about a given
topic, communicative interaction with GenlA alone,
without the mediation of AMs, still supported the
reworking of information and integration of different
points of view for one's reflection.

Following the order in which the objectives to be
investigated were presented, the following research
questions (RQs) were formulated:

RQ 1 - Does AM-based training support students'
development of text comprehension and critical
thinking?

RQ 2 - How do students and educators perceive and
engage with artificial agents while reworking
argumentative texts, and what learning needs emerge
from their experiences?

RQ 3 - Are there differences in the effects of argument
mapping combined with ChatGPT or the sole use of
ChatGPT as mediators of critical thinking development
and performance in educational tasks?

Starting from these general questions, some specific
expected results were drawn (see Table 1).

3.2 Participants

The target sample consisted of 17 female students, aged
18 to 25 years old, enrolled in the course “Evaluation of
Education”, within the Bachelor of Science in Education
and Training at the University of Padua (L-19).

3.3 Research Design

For this study, a case study approach was combined with
a quasi-experimental design. As a case study, the
contribution allows for a situated and context-sensitive
understanding of how students engage with argument
mapping and Al-mediated learning within an authentic

Pre-test (S1) Int test Int test

university setting. Rather than aiming for statistical
generalization, case studies pursue analytical
generalization. They offer an in-depth empirical inquiry
into a contemporary phenomenon and insights into
future investigations (Yin, 1984/2014; Hollweck, 2016).
The goal is therefore not to produce universally
generalizable findings, but to examine in depth the
dynamics emerging in a specific learning environment
and to identify patterns that may be meaningful for
similar contexts.

This methodological stance is particularly appropriate
for early-stage research on rapidly evolving educational
phenomena, such as the integration of generative Al into
students’ argumentative practices. In these contexts, the
priority is to capture complexity, observe processes as
they unfold, and refine emergent hypotheses. Within this
framework, the quasi-experimental design serves an
exploratory function, enabling comparisons across
different learning conditions while preserving
sensitivity to contextual features and ecological validity.

Embedded in the case study, we adopted a quasi-
experimental design, which offers the flexibility
required in dynamic educational settings. In educational
settings — where variables are numerous and deeply
interconnected — these designs enable exploration of
causal relationships while preserving ecological validity
(Shadish, 2002). Moreover, a mixed-methods approach
was considered, with a triangulation of quantitative
indicators and qualitative information to enhance the
comprehensive understanding and robustness of the
findings (McLeod, 2024).

Quantitative data supported the exploration of
differences in trends in text comprehension and critical
thinking development across the three conditions. While
qualitative analyses provided insight into how
generative Al mediated students’ reasoning processes,
sense-making, and reflective engagement.

Pre-test (S4)

(S2) (S3)
o R i
i) Interaction erCES‘Smg
Thinking with Al —_— Integration
HCTSR Opinion
ry
Pre-test Int test Int test Post-test
(M1) (M2) (M3) (M4)

use of ChatGPT

use of ChatGPT

Figure 1 - Outline of the research design.
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Together, these components enabled both a macro-level
comparison among groups and a more fine-grained

examination
experimental conditions.

of differences

between

the two

The first experimental group (G1) used maps with fully
analog texts. The second experimental group (G2) used
maps with multimodal texts. The control group (G3) was
not subjected to the map variable but only to the

ChatGPT interaction.

The study was conducted over the duration of a three-
month university course (Figure 1). The course included
three laboratory sessions focusing on different tools for
learning assessment. The experimental activity took
place in one of the three labs and centered on the use of
AMs and rubrics as tools to develop and assess
argumentative skills. The control group counted students

from the other two labs on structured tests and peer

feedback, respectively.

The learning environment was hybrid, combining in-
person group work with asynchronous activities via the
included
argumentative texts, tutorials, and guided activities.
ChatGPT was integrated to compare and enhance

Moodle  platform.

Online

materials

students’ argumentative interactions.

The experimental phase involved 10 female students (5
each in G1 and G2) across four data collection stages,
starting with text comprehension (RQ 1). To investigate
this ability to identify the basic structural components of
an argumentative text, a semi-structured survey tool
with closed stimulus questions (S1, S2, S3, S4) was

developed.

Research question Mediational Data Collection Data Analysis tools Expercted results
means tools for RQ
RQ 1. Does AM-based | Argument Maps |- Semi-structured |- Checklist of students’ - Increased comprehension
training support (Analogical / |survey instrument |ability to identify structural |of an argumentative text, in
students’ development Multimodal)  |with closed elements of the text. terms of identifying

with ChatGPT or the
sole use of ChatGPT as
mediators of critical
thinking development
and performance in
educational tasks?

of text comprehension Preparatory  [stimulus questions. |- Checklist of correct map |structural elements.
and critical thinking? phase. - Graphic construction. - Increased AM construction
elaboration of an - An adapted version of the |skills, in terms of
AM. Holistic Critical Thinking |identifying and juxtaposing
Scoring Rubric (HCTSR). |components in space.
- Increased level of critical
thinking, in terms of
reconstructing the meaning
of the text and constructing
one’s own thinking.
RQ 2. How do students ChatGPT Student messages |Codebook Creation - Indication of the presence
and educators perceive on the forum or absence of prior
and engage with regarding knowledge and reflection on
artificial agents while interaction with the positive and negative
reworking GenlA. aspects of the first approach.
argumentative texts, - Indication of new
and what learning emerging learning needs
needs emerge from (including critical training
their experiences? in the use of chatbots).
- Indication of the personal
idea of the potential and
limitations of intelligent
agents in educational
practice.
RQ 3. Are there Argument Maps |Final reworking of |Opinion detection grid - Lower reworking
differences in the + ChatGPT |G1, G2 and G3 performance of G3 than the
effects of argument students in other two groups.
mapping combined comparison. - Indication of the

effectiveness of MAs and
ChatGPT as a mediator of
critical thinking
development.

Table 1 - Tools and procedures of the method.
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Students read an argumentative text, identified key
components (problem, thesis, arguments, objections,
evidence, conclusion) and expressed their opinion about
the topic in a final open-ended question. Next, they built
an AM (M1, M2, M3, M4), bringing together and
arranging the components of the text they read in space.
A checklist with scores from 0 to 7 was created to assess
the completeness of map construction.

Based on the data collected from text comprehension,
critical thinking (CT) was assessed using an adapted
version of the Holistic Critical Thinking Scoring Rubric,
HCTSR (Facione & Facione, 2014). The mastery levels
of the rubric (strong, acceptable, weak, absent) were
combined with four categories obtained from the text
comprehension test questions:
* Identify important information.
* Identify arguments and counterarguments or
alternative points of view.
* Conclude and explain the reasons.
* Understand and modify one's opinion based on the
evidence.

The instrument was used by the researchers in parallel
with the four phases mentioned above (CT1, CT2, CT3,
CT4).

To address RQ2, ChatGPT’s role as a “collaborator” for
mediating argumentative reworking was analyzed
through student prompts and forum posts. Students offer
the chatbot the same tasks of comprehension and
identification of argumentative text components. At the
end of each activity, they reported the comparison
between their answers and those of the chatbot. Forum
contributions were qualitatively coded by preparing a
codebook (see Open Data Crudele & Raffaghelli,
2024b). This focused on 1) interaction, in terms of prior
knowledge, reflection on the prompt, and first-approach
bias; 2) application, in terms of critical use, possible
areas of use, and identified limitations; and 3) relevance,
in terms of original insights to put into action, starting
from and with ChatGPT.

The role of ChatGPT was tested on two main levels: 1)
at the descriptive level, starting from their experience
and input on the use of the tool, and 2) at the activation
level, first in terms of developing a rubric for correct
argumentation writing, and afterward constructing two
new rubrics for analyzing text comprehension and
constructing correct AMs.

These contributions were then organized and analyzed
using NVIVO. Subsequently, a thematic analysis (TA)
was conducted based on three themes with 11 sub-
themes:

* students’ interaction, including reflections on
whether they had prior knowledge of using the
intelligent agent and their initial approach to it (3
sub-themes);

* encompassing reflections on potential future uses,
possible areas of application, and emerging
training needs, such as fostering critical use (4 sub-
themes);
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* relevance, focusing on ChatGPT’s demonstrated
potential, starting from original insights and
leading to future work (1 sub-theme).

To pursue RQ 3, the level of reworking and integration
of personal and others' thinking was investigated. Final
contributions produced during the last exam by students
in the previous two groups (n=10) and those in the third
group (n=7) were collected, analised and compared.

Data was analyzed using a grid assessing reworking and
integration alongside the HCTSR (Annex 1).
Differences in the mediation tools' impact on
argumentative skills were explored, with results and
tables available in the Open Data repository (Crudele &
Raffaghelli, 2024b).

For clarity, please refer to the overview in Table 1.

4. Results

The following sections present the results in response to
the proposed research questions.

RQ1 - AM-training-based effects.

To answer RQ1, data on the correct identification of the
structural components of argumentative text (Figure 2)
and the respective construction of an AM were first
analyzed (Figure 3).

Lab1 Lab2 Lab3 Lab4

Figure 2 - Text comprehension between G1 and G2.

The data show an improvement in text comprehension
scores from beginning to end. Despite initial challenges,
G1 achieved strong final scores (S1 =3.5; S4 =4.3). G2,
however, demonstrated a gradual and consistent increase
across all data collection points (S1 =4.5; S4 =5.0).
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Map1 Map2 Map3 Map4

Figure 3 - AMs’ construction between G1 and G2.

Similarly, AM construction results mirrored text
comprehension trends. G1, starting with difficulty (M1
= 2.5/7), ultimately reached an excellent score (M4 =
5.8/7, “complete map”). G2 also showed significant
progress, ending with high scores for correct
argumentative map construction (M1 =4.5; M4 =5.5).

Assuming a correlation between text comprehension and
critical thinking, the analysis examined students’ ability
to reconstruct the meaning of the text by identifying
structural elements and formulating personal opinions.

Critical thinking levels were generally positive (Figure
4).

G1

G2

e

CT1 CT2 CT3 CT4

Figure 4 - Level of critical thinking between G1 and G2.
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Gl achieved a final critical thinking score of 6.5/10,
while G2 scored 7.25/10. A closer analysis revealed
some instability in Gl's ability to understand and
reformulate opinions (CT1 = 6.75; CT4 = 6.5), whereas
G2 maintained stable performance (CT1 = 7.25; CT4 =
7.25).

RQ2 - Perceived engagement with Al agents.

About RQ2, the contributions of 7 students, totaling
3,640 words in Italian, were analyzed and labeled based
on themes and sub-themes identified in the codebook
(cfr Annex 2). The text corpus was categorized into three
key areas: interaction with the chatbot, students’ needs
and applications, and relevance for learning and
education. These reflections will be addressed in the
context of the three specific research questions.

4.1 Interaction

The analysis of the contributions revealed that most of
the students had little to no prior knowledge of
ChatGPT, also because at that time it had only recently
been released to the market. This led to an initial
approach to interaction driven by curiosity and
expectations, some of which were pleasantly confirmed,
while others were not. Among the five students who
recorded their first impressions, six references were
classified as positive, stating that it was “very interesting
as a first use” and that ChatGPT was perceived as “a
very useful tool in several aspects.” Two references were
negative: “In our case, it wasn't very helpful” and “I
noticed flaws in the way it processes responses; in my
opinion, they are often far from the central topic. I don't
think I'll use it again!” Despite being in the minority, the
negative reflections clarified potential initial difficulties
with the interface and unmet expectations. The only
student who had prior experience with ChatGPT moved
beyond seeing it as merely “a useful but complex tool”,
particularly during rubric construction. She highlights its
potential when paired with a more “human” element:
“During the construction of the rubrics, we used
ChatGPT and noticed how useful it could be to use the
rubric it suggested for a particular topic. In fact, we used
it as a starting draft to personalize and make it our own
by adding the 'human' element that artificial intelligence
can never provide.”

Regarding prompt refinement, only one student detailed
the steps taken to build her interaction with ChatGPT.

4.2 Application

In the “Application” section, reflections on potential
uses and emerging new training needs were explored.
Repeated interactions with the artificial agent during the
course seemed to activate critical thinking among
students. All the participants expressed at least one
thought about the need to engage critically with
available intelligent agents.

Two students explicitly demonstrated a critical approach
in practice, interacting with ChatGPT while already
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aware of the need for personal re-elaboration: the first
student stated, “The only thing to pay attention to is not
to use such tools improperly or incorrectly, but to
consider them as a 'right-hand' helper to ask for
assistance and collaborate with.” The second added, “It
is necessary to rely on artificial intelligence not
automatically but by reworking and enhancing the
responses obtained, so we always keep our intellectual
and re-elaboration skills active.”

Other students, however, expressed the need for further
training in the critical use of ChatGPT: “With these
technologies, we should start learning to live with them
and use them correctly since they don’t always enhance
our learning” and “From this, I can deduce and argue
that there is a connection that goes 'beyond' the simple
question-answer mechanism.”

Five contributions indicated that the interaction with
ChatGPT during the course provided insights into
further application areas and potential uses. Initially
contextualized to lab activities, “as a starting point to add
new indicators and criteria to the rubric proposed by the
teacher”, or as “a source of inspiration to draft the
indicators and criteria we then presented in the rubric
more accurately and completely.” Later, the potential
applications became broader: “useful for obtaining
factual information in any field of interest” or “to
provide solid starting foundations for formulating any
type of task”.

4.3 Relevance

Lastly, this research question explored students'
personal perceptions of ChatGPT's limitations and their
reflections on its integration into learning and teaching.

Regarding perceived limitations, the main issues
focused on difficulties encountered during activities: “as
it was not able to provide us with a proper rubric”, or “it
gives arguments, objections, and foundations that are
very different from yours and often off-topic, missing
the point of the question.”

A second recurring limitation across contributions was
the “human-robot” dichotomy, particularly regarding
creativity. This limitation concerned the chatbot's
impersonal responses, excessive rationality, and the
necessity of human intervention to “complete” the work.
Notable statements included: “The limitations of a

digital tool regarding creativity and reflective reasoning
were very evident, in my opinion” and “ChatGPT, being
artificial intelligence, tends to be entirely rational and
objective, following a positivist approach that strictly
adheres to goals and programs without adding personal
and subjective critiques that only a human can provide.”

Building on this limitation, the “Original Insights”
section reflected how, as future educators and
evaluators, the students recognized “the qualitative leap
a human can make when adopting the intelligent agent.”
One student stated: “We used it as a starting draft to
personalize and make it our own, adding the 'human'
element that artificial intelligence can never provide.”

However, some reflections focused on the potential
downsides of this integration. From an evaluator’s
perspective, a student commented: “It’s impossible to
assess someone’s competence solely based on the use of
these 'artificial programs. This way, the human and
intellectual aspects of the individual being evaluated are
overlooked.” From the perspective of the evaluated
individual, another student remarked: “Putting myself in
the shoes of someone being evaluated, I cannot derive
educational or learning benefits by asking questions to a
'person' that doesn’t even exist.”

RQ3 - Impact of Mediation Type on Final Elaboration.

Regarding RQ3, Table 2 and Figure 5 show that all three
groups achieved above-average scores (out of 6 points)
in constructing an elaborate and integrated opinion.
Among them, G2 (the multimodal group) displayed the
highest overall performance (M = 4.40, SD = 1.19). G3
also achieved a relatively high score (G3. M=3.93;
SD=1.02), while G1 (the analog group) recorded the
lowest values (M = 3.38, SD = 1.09). Distributional
analyses revealed distinct group profiles: G2 showed the
highest central tendency (Me = 5.00; IQR = 1.00); G3
displayed a slightly lower but still positive and relatively
compact distribution (Me = 4.00; IQR = 1.50); while G1
presented the lowest median and the greatest dispersion
(Me =3.25; IQR = 2.25).

To further contextualize these findings, one-sample
Wilcoxon tests were conducted using a high reference
value (5). None of the groups scored significantly above
this benchmark. When testing for deviation below the
reference value, only G3 resulted significantly below the

Group Mean | Std. Dev.| Min Q1

Median Q3 Max

Skewness | Kurtosis

General Opinion Level between G1-G2-G3

Gl 3.38 1.65 1.50 2.25 3.25 4.50 5.50 0.16 -1.90
G2 4.40 1.19 2.50 4.00 5.00 5.00 5.50 -0.61 -1.54
G3 3.93 1.02 2.50 3.00 4.00 4.50 5.50 0.06 -1.50

Table 2 - Descriptive statistics, overall opinion of the 3 groups.
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standard (V = 2, p = .025). This finding indicates a
consistent position under a demanding reference
standard rather than low overall performance. Indeed,
despite this deviation, G3 maintained a relatively high
median and lower variability compared to G1, which
displayed lower and more dispersed scores that did not
reach statistical significance, possibly due to the small
sample size.

B8

-

Gruppo

Figure S - Boxplot Opinion Trends Between Groups.

Focusing on the more specific comparison between G1
and G2, a further response emerges on the reflection
about AMs’ effectiveness as a mediator of the
development of critical thinking. As seen in Figure 3, G2
achieved a higher critical thinking score, particularly in
CT3 (M = 8.00), following engagement with AMs and
multimodal texts. Integrating this with the results on
written opinion elaboration provides additional insights.
G2 scored higher on both clarity and coherence in
opinion elaboration (G1: M =2.25, SD = 0.65; G2: M =
2.50, SD = 0.35) and integrating supporting and
opposing viewpoints (G1: M = 1.12, SD = 1.03; G2: M
= 1.90, SD = 0.89). Notably, G2 displayed lower data
dispersion compared to G1, further highlighting its
advantage.

5. Discussion and Conclusions

Reconstructing information through broader thinking
and reorganizing structural elements remains a complex
task. Regarding RQ1, data on text comprehension —
particularly the identification and spatial juxtaposition
of structural components — suggested a general
improvement in both experimental groups (G1 and G2).
Within this overall trend, G2, which engaged with
multimodal information, experienced a more consistent
and gradual progression across phases. Although such
results cannot be generalized, they provide initial
indications that rethinking textual modalities and

28

designing skill-development activities around them may
offer meaningful support for learners.

Multimodality may have encouraged deeper reflection
without introducing excessive cognitive noise. This is
highlighted in how G2 outperformed G1 during the Cri-
Think3 phase, which required exploring different
sources of information and creating rubrics for text
comprehension and spatial reorganization. These
observations may suggest that consistent exposure to
complex, multimodal information — combined with
guided activities — offered students additional tools to
navigate and be inspired by diverse perspectives. In this
sense, AMs appeared helpful in supporting the
identification of key elements and their use in designing
assessment tools, ultimately contributing to the re-
elaboration of critical opinions, particularly in G2.

Turning to RQ2, students’ engagement with ChatGPT
must be understood within the historical moment in
which the course occurred — during the early public
emergence of the chatbot. Unsurprisingly, many
students approached it with limited prior knowledge.
Their initial interactions reflected a mix of curiosity,
apprehension, and occasionally unmet expectations due
to irrelevant or inconsistent outputs. Over time,
however, repeated use encouraged a more investigative
stance: students began exploring possible applications
and reflecting on forms of human-AlI collaboration.

As prospective educators, they also considered the
technological and pedagogical limits of the tool and the
potential value of structured pathways for its integration
into professional practices. From these reflections
emerged the idea that targeted guidance might enhance
both students’ understanding and their development of
argumentative skills.

For RQ3, G2 achieved the highest scores in opinion
reworking, suggesting that sustained exposure to
multimodal perspectives may have supported a richer
integration of viewpoints. Although non-parametric
analyses did not reveal statistically significant group
differences, the observed descriptive patterns remain
informative within the exploratory and case-based
nature of the study. G1, while benefiting from AMs in
reconstructing argumentative frameworks, obtained
lower and more heterogeneous scores in the complete
reworking of opinions. In contrast, G3 (interacting
solely with ChatGPT) produced above-average scores
with limited variability. Importantly, inferential
analyses indicate that only G3’s outcomes were
positioned significantly below the high reference
standard, despite maintaining a positive median. This
result reflects a coherent and homogeneous positioning
under a demanding benchmark rather than low overall
performance. Compared to G1, which showed more
dispersed outcomes and no significant deviation from
the reference value, G3 showed greater stability and
consistency. This pattern suggests a more complex
profile for the control group. Interaction with the chatbot
may have supported initial opinion refinement and
stabilized students’ responses, without necessarily

© Italian e-Learning Association



Crudele, F., & Raffaghelli, J.E.

Je-LKS, Vol. 21, No. 3 (2025)

leading to fully developed or high-level re-claboration.
This grey result is consistent with recent research.
Several studies suggest that conversational Al can
reduce cognitive load but does not always foster critical
re-elaboration, particularly when it overly facilitates task
completion (Ayman et al., 2023). When used in
isolation, such agents may support task execution.
However, they are increasingly perceived as tools to
which learners delegate argumentative decisions,
potentially reducing critical functions and bypassing
deeper learning processes (Ayman et al., 2023; Jahani et
al., 2024). Conversely, when Al is embedded within a
framework of structured engagement — as a support tool
rather than a substitute for intellectual effort (Martha et
al., 2025) — it may contribute to the development of
critical thinking. In this case, Al can provide motivation
and prompts that encourage students to reconsider their
own positions (Song & Song, 2023).

Taken together, these preliminary findings do not allow
firm conclusions but tentatively point toward
differentiated contributions of the tools examined. AMs
appear particularly useful for understanding and
structuring information (Col). Multimodal exposure
(G2) and indirect multimodal exploration via ChatGPT
(G3) may play a more prominent role in supporting
argumentative reworking. However, if used as the sole
tool for opinion elaboration, ChatGPT does not seem to
provide sufficient support for fully articulated and
structurally complex re-elaboration. Overall, the
intervention suggests that multimodal resources may
represent a promising avenue for fostering
comprehension, openness to multiple perspectives, and
early forms of opinion construction. Within this
framework, AMs primarily functioned as scaffolds for
structural understanding (Col). Instead, ChatGPT could
offer mediation for 1) re-elaborating information (Col),
2) reorganizing it for the construction of critical tools
(CT), and 3) promoting reflective thinking about the role
of Al in educational contexts — particularly when
integrated with other instructional supports rather than
used in isolation. At this stage, critical re-elaboration
emerges as a complex competence requiring multiple,
structured phases that unguided interaction with a
conversational agent alone does not appear to adequately
support.

Rather than establishing the superiority of one tool over
another, this case study sought to explore their potential
complementarities and to inform the design of integrated
learning approaches.

Several limitations must be acknowledged. First, the
study was conducted as a small-scale case study with a
reduced and homogeneous sample, limiting the
possibility of statistical generalization. The quasi-
experimental design, while suitable for exploratory
purposes, entails inherent constraints, including the
absence of randomization, the potential influence of
contextual differences between groups and the challenge
of controlling external variables. Moreover, the duration
of the course allowed only a short period for the
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development of complex skills such as argumentative
reframing, critical integration, and human—AlI dialogic
interaction. These abilities typically require extended,
iterative instructional support. Additionally, students'
limited familiarity with ChatGPT — understandable
given the early stage of the tool’s public release — may
have shaped the nature and depth of their interactions.
Patterns of use may therefore differ from more
established applications of generative Al. The research
design was also shaped by the emergent character of the
technology under investigation. Working with a rapidly
evolving tool limited the possibility of fully refining the
design at the outset and introduced additional
uncertainties. For these reasons, the findings should be
interpreted as exploratory rather than as definitive
evidence.

Future research could address these limitations by
implementing longer interventions, involving more
diverse samples, and refining the comparative design to
isolate better the effect of multimodality, mapping, and
Al mediation. Longitudinal approaches may further
clarify how learners’ argumentative repertoires evolve
as they gain experience with Al-supported practices,
offering a more robust understanding of the relationship
between these tools and the development of critical
thinking skills.

Acknowledgements

The authors are grateful for the technical support
received from the FISPPA Department of the University
of Padua and the University Consortium of Rovigo for
the support provided to make it possible for the online
and onsite research activities.

The research was approved by the University of Padua
Ethics Committee. Qualitative data include statements
taken from university syllabi, which are public and
visible to all. The transcripts are faithful to the original
and have not been edited for the paper. The identities of
professors and others involved in writing these syllabi
have been left anonymous.

This research did not involve the use of funds. The
authors declare no conflict of interest.

References

Al-Abdullatif, A. M. (2023). Modeling Students’
Perceptions of Chatbots in Learning: Integrating
Technology Acceptance with the Value-Based
Adoption Model. Education Sciences, 13(11).
https://doi.org/10.3390/educscil3 111151

Alotto, P. (2021). Laboratorio di argomentazione:
Guida al critical thinking e all’argument thinking
[Argumentation workshop: A guide to critical
thinking and argument thinking]. In A. Sani & A.
Linguiti (Eds.), Sinapsi. Storia della filosofia.

© Italian e-Learning Association



Gotcha! Enhancing Argumentation...

Je-LKS, Vol. 21, No. 3 (2025)

Protagonisti, percorsi, connessioni [Synapses.
History of philosophy. Protagonists, paths,
connections]. La Scuola editrice.

Avenia, M. (2021). Ti spiego il mio problema:
Un’indagine sulle competenze argomentative nella
risoluzione di problemi matematici [I'll explain my
problem: An investigation of argumentative skills in
mathematical problem solving]. Didattica della
matematica. Dalla ricerca alle pratiche d’aula
[Teaching mathematics. From research to
classroom practices], 10, 71-99.
https://doi.org/10.33683/ddm.21.10.4

Ayman, S. E., El-Seoud, S. A., Nagaty, K., & Karam,
O. H. (2023). The Influence of ChatGPT on Student
Learning and Academic Performance. ICCA 2023 -
2023 5th International Conference on Computer and
Applications, Proceedings.
https://doi.org/10.1109/ICCA59364.2023.10401713

Bozkurt, A., Xiao, F., Lambert, S., Pazurek, A.,
Crompton, H., Koseoglu, S., Farrow, R., Bond, M.,
Nerantzi, C., Honeychurch, S., Bali, M., Dron, J.,
Mir, K., Stewart, B., Stewart, B., Costello, E.,
Mason, J., Stracke, C., Romero-Hall, E., & Jandric,
P. (2023). Speculative Futures on ChatGPT and
Generative Artificial Intelligence (AI): A Collective
Reflection from the Educational Landscape. Asian
Journal of Distance Education, 18(1), 53-130.
https://doi.org/10.5281/zen0do.7636568

Canale, D., Frigerio, A., Giovanni, T., & Roberto, C.
(2021). Critical thinking. Un’introduzione [Critical
Thinking. An introduction]. Egea.

Carrington, M., Chen, R., Davies, M., Kaur, J., &
Neville, B. (2011). The effectiveness of a single
intervention of computer-aided argument mapping
in a marketing and a financial accounting subject.
Higher Education Research & Development, 30,
387-403.
https://doi.org/10.1080/07294360.2011.559197

Colombo, A. (2018). Il testo argomentativo:
Presupposti pedagogici e modelli di analisi [The
argumentative text: Pedagogical assumptions and
models of analysis]. In A. Colombo (Eds.), I pro e i
contro [The pros and cons] (pp. 59-84). La Nuova
Italia.

Cortiana, P. (2017). Multimodalita e scrittura
tradizionale a confronto: Un intervento nella scuola
secondaria [Multimodality and traditional writing
compared: An intervention in the secondary
school]. Italian Journal of Educational Technology,
25(3). https://doi.org/10.17471/2499-4324/915

Crudele, F., & Raffaghelli, J. E. (2023a). Ripensare le
mappe argomentative nei nuovi contesti
multimodali: Una revisione narrativa della
letteratura [Rethinking argumentative maps in new
multimodal contexts: A narrative review of the

literature]. Media Education, 14(2).
https://doi.org/10.36253/me-13801

Crudele, F., & Raffaghelli, J. E. (2023b). Argument
maps as tools to support the development of new
media literacies: A systematic review. (Versione
Version 1) [Dataset]. Zenodo.
https://doi.org/10.5281/zenodo.7729327

Crudele, F., & Raffaghelli, J. E. (2023c). Promoting
Critical Thinking Through Argument Mapping: A
Lab for Undergraduate Students. Journal of
Information Technology Education: Research, 22,
497-525. https://doi.org/10.28945/5220

Crudele, F., & Raffaghelli, J. E. (2024a). Human-
driven and Al-driven mediational tool for
argumentative reworking skills: An undergraduate
students lab. In J. M. Duart & E. Trepulé (Eds.),
Learning in the Age of AI: Towards Imaginative
Futures (pp. 115-116). EDEN.
https://drive.google.com/file/d/1CKuGXZPU-
ZnQenzFGP-60 5K22u5gaNI/view?usp=sharing

Crudele, F. & Raffaghelli, J.E. (2024b). Toward
multimodal information and Al interaction: a quasi-
experiment with ChatGPT. [Data set]. Zenodo.
https://zenodo.org/doi/10.5281/zenodo.13220545

Cuomo, S., Biagini, G., & Ranieri, M. (2022). Artificial
Intelligence Literacy, che cos’¢ e come
promuoverla. Dall’analisi della letteratura ad una
proposta di Framework. Media Education, 13(2).
https://doi.org/10.36253/me-13374

Danielsson, K., & Selander, S. (2021). Working with
Multimodal Texts in Education. In K. Danielsson &
S. Selander (Eds.), Multimodal Texts in
Disciplinary Education. A Comprehensive
Framework (pp. 25—43). Springer.
https://doi.org/10.1007/978-3-030-63960-0_4

Garcia-Pefialvo, F. (2023). The perception of Artificial
Intelligence in educational contexts after the launch
of ChatGPT: Disruption or Panic? [La percepcion
de la Inteligencia Artificial en contextos educativos
tras el lanzamiento de ChatGPT: disrupcion o
panico]. Education in the Knowledge Society (EKS),
24, ¢31279. https://doi.org/10.14201/eks.31279

Engestrom, Y. (1987). Learning by Expanding.
Cambridge University Press.

Facione, P. A., Facione, N. C. (2014). The Holistic
Critical Thinking Scoring Rubric — HCTSR. Insight
Assessment/The California Academic Press.

Fadeev, A. (2019). Vygotsky’s theory of mediation in
digital learning environment: Actuality and
practice. Punctum., 5(1), 24—44.
https://doi.org/10.18680/hss.2019.0004

Ferrarelli, M. (2024, 29 giugno). Generative twins.
Revista - El Arcén de Clio.
https://revista.elarcondeclio.com.ar/gemelos-

© Italian e-Learning Association



Crudele, F., & Raffaghelli, J.E.

Je-LKS, Vol. 21, No. 3 (2025)

generativos-en-la-formacion-docente-los-sentidos-
pedagogicos-de-la-ia-en-la-universidad/

Floridi, L. (2023). Al as Agency Without Intelligence:
On ChatGPT, Large Language Models, and Other
Generative Models. SSRN Scholarly Paper.
https://doi.org/10.2139/ssrn.4358789

Iordanou, K., & Rapanta, C. (2021). “Argue With Me”:
A Method for Developing Argument Skills.
Frontiers in Psychology, 12.
https://doi.org/10.3389/fpsyg.2021.631203

Haque, M. A., & Li, S. (2024). Exploring ChatGPT and
its Impact on Society. Al and Ethics.
https://doi.org/10.1007/s43681-024-00435-4

Hollweck, T. (2016). Robert K. Yin. (2014). Case
Study Research Design and Methods (5th ed.).
[Review] Canadian Journal of Program
Evaluation, 30(1).
https://doi.org/10.3138/cjpe.30.1.10

Howell, E. (2017). Expanding Argument Instruction:
Incorporating Multimodality and Digital Tools.
Journal of Adolescent & Adult Literacy, 61(5),
533-542. https://doi.org/10.1002/jaal.716

Jahani, M., Baruah, B., & Ward, A. (2024). Exploring
ChatGPT Utilization Among Master’s Students in
Higher Education. 2024 21st International
Conference on Information Technology Based
Higher Education and Training, ITHET 2024.
https://doi.org/10.1109/ITHET61869.2024.1083760
1

Jandri¢, P., MacKenzie, A., & Knox, J. (2024).
Postdigital Research: Genealogies, Challenges, and
Future Perspectives. Postdigital Science and
Education, 6(2), 409-415.
https://doi.org/10.1007/s42438-022-00306-3

Kim, M. K., Kim, N. J., & Heidari, A. (2022). Learner
experience in artificial intelligence-scaffolded
argumentation. Assessment & Evaluation in Higher
Education, 47(8), 1-16.
https://doi.org/10.1080/02602938.2022.2042792

Knox, J. (2019). What Does the ‘Postdigital’ Mean for
Education? Three Critical Perspectives on the
Digital, with Implications for Educational Research
and Practice. Postdigital Science and Education,
1(2), 357-370. https://doi.org/10.1007/s42438-019-

00045-y

Kress, G. (2013). Recognizing Learning. A Perspective
from a Social Semiotic Theory of Multimodality. In
I. de Saint-Georges & J.J. Weber (Eds.),
Multilingualism and Multimodality (pp. 117-140).
Brill.
https://brill.com/display/book/9789462092662/BP0
00008.xml

Kress, G. (2015). Multimodalita. Un approccio socio-
semiotico alla comunicazione contemporanea

31

[Multimodality. A socio-semiotic approach to
contemporary communication]. Progedit.

Lidéker, T. (2018). The potential of argument mapping
as a tool for teaching critical thinking in secondary
school [PhD Thesis]. Linkdping University.
http://urn.kb.se/resolve?urn=urn:nbn:se:liu:diva-
149438

Lund, B., & Wang, T. (2023). Chatting about
ChatGPT: How may Al and GPT impact academia
and libraries? Library Hi Tech News, 40.
https://doi.org/10.1108/LHTN-01-2023-0009

Macgilchrist, F. (2021). Theories of Postdigital
Heterogeneity: Implications for Research on
Education and Datafication. Postdigital Science and
Education, 3(3), 660-667.
https://doi.org/10.1007/s42438-021-00232-w

Martha, A. S. D., Widowati, S., & Rahayu, D. P.
(2025). Assessing Student Readiness And
Perceptions Of Chatgpt In Learning: A Case Study
In Indonesian Higher Education. Journal of
Information Technology Education: Research, 24.
https://doi.org/10.28945/5599

McLeod, S. (2024). Mixed Methods Research.
SimplyPsychology.
https://doi.org/10.13140/RG.2.2.31329.93286

Means, A., Jandri¢, P., Sojot, A. N., Ford, D. R., Peters,
M. A., & Hayes, S. (2022). The Postdigital-
Biodigital Revolution. Postdigital Science and
Education, 4(3), 1032—-1051.
https://doi.org/10.1007/s42438-022-00338-9

Mollick, E. R., & Mollick, L. (2023). Assigning Al:
Seven Approaches for Students, with Prompts.
SSRN. https://doi.org/10.2139/ssrn.4475995

OpenAl. (2022, November 30). Introducing ChatGPT
[Blog]. Openai.Com.
https://openai.com/blog/chatgpt

Panciroli, C., & Rivoltella, P. C. (2024). Collaborating
with Machines. Al, Literacies, School. In P. C.
Rivoltella & C. Panciroli (Eds.), Sezione
monografica—Artificial Intelligence in Education
(Intelligenza Artificiale ed educazione) (pp. 17-48).
Schole’.

Pangrazio, L., & Selwyn, N. (2019). ‘Personal data
literacies’: A critical literacies approach to
enhancing understandings of personal digital data.
New Media & Society, 21(2), 419-437.
https://doi.org/10.1177/1461444818799523

Petkauskas, V. (2023, March 6). ChatGPT’s answers
could be nothing but a hallucination. Cybernews.
https://cybernews.com/tech/chatgpts-bard-ai-
answers-hallucination/

Raffaghelli, J. E. (2024). (Post)Digital Scholarship.
Professionalita accademica e trasformazione
tecnologica in universita Manoscritto 2.0

© Italian e-Learning Association



Gotcha! Enhancing Argumentation...

Je-LKS, Vol. 21, No. 3 (2025)

[(Post)Digital Scholarship. Academic
professionalism and technological transformation
in universities Manuscript 2.0]. Pensa Multimedia.
https://www.pensamultimedia.it/libro/97912556812

05

Ranieri, M. (2019). Professional development in the
digital age. Benefits and constraints of social media
for lifelong learning. Form@re - Open Journal per
La Formazione in Rete, 19(2), 178-192.
https://doi.org/10.13128/formare-25353

Ranieri, M., Cuomo, S., & Biagini, G. (2024). Scuola e
intelligenza artificiale [School and artificial
intelligence]. Tascabili Faber.

Rivoltella, P. C. (2020). Nuovi alfabeti. Educazione e
culture nella societa post-mediale [New Alphabets.

Education and cultures in the post-media society].
Schole.

Roose, K. (2022, December 5). The Brilliance and
Weirdness of ChatGPT. The New York Times.
https://www.nytimes.com/2022/12/05/technology/c
hatgpt-ai-twitter.html

Sannino, A. (2015). The principle of double
stimulation: A path to volitional action. Learning,
Culture and Social Interaction, 6, 1-15.
https://doi.org/10.1016/j.1¢51.2015.01.001

Shadish, W. R., Cook, T. D., & Campbell, D. T.
(2002). Experimental and quasi-experimental
designs for generalized causal inference.
Wadsworth Pub Co.

32

Song, C., & Song, Y. (2023). Enhancing academic
writing skills and motivation: Assessing the
efficacy of ChatGPT in Al-assisted language
learning for EFL students. Frontiers in Psychology,
14. https://doi.org/10.3389/fpsyg.2023.1260843

Vygotsky, L. S. (1978). Mind in Society. The
development of Higher Psychological Processes.
Harvard University Press.

Vygotskij, L. S. (2023). Pensiero e Linguaggio.
Ricerche Psicologiche [Thought and Language.
Psychological Research.]. Laterza. (Original work
published 1934)

Wang, T., Lund, B., Marengo, A., Pagano, A.,
Mannuru, N. R., Teel, Z. A., & Pange, J. (2023).
Exploring the Potential Impact of Artificial
Intelligence (AI) on International Students in
Higher Education: Generative Al, Chatbots,
Analytics, and International Student Success.
Applied Sciences, 13, 6716.
https://doi.org/10.3390/app13116716

Wertsch, J. V. (2007). Mediation. In H. Daniels, J. V.
Wertsch, & M. Cole (Eds.), The Cambridge
Companion to Vygotsky (pp. 178—192). Cambridge
University Press.
https://doi.org/10.1017/CCOL0521831040.008

Yin, K. R. (2014). Case Study Research Design and
Methods (5th ed.). Sage Publications. (Original
work published 1984)

© Italian e-Learning Association



Crudele, F., & Raffaghelli, J.E.

Je-LKS, Vol. 21, No. 3 (2025)

Annexes
Annex 1 - Grid opinion argumentation
Categories Indicators Descriptors Yes | Partially No
Rielaboration Clarity of the opinion The opinion emerges
expressed clear and concise
Coherence of the opinion | The opinion follows a
expressed (before and | logical thread, without
after reading) contradictions
Originality of the The opinion does not
reworking stop at the surface, but
contains original
elements
Integration Integration of supporting [The opinion is deepened

arguments

by providing supporting
arguments

Integration of
counterarguments

The opinion is deepened
by responding to
objections and
counterarguments

Integration of the
author’s opinion

The personal opinion is
explored by also
integrating that of the
author
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Annex 2 - Nvivo labeling codes

Name Description Files References
Interaction Approach to activities and 6 16
integration of the artificial agent
response
Prior Knowledge Presence or absence of prior 6 6
knowledge regarding the use of
the intelligent agent
Yes 1 1
No 5 5
Reflection on the prompr There is a reference to the 1 2
reworking of the prompt to better
communicate with the Al
First approach The first impression is given by 5 8
the first approach to the intelligent
agent
Positive 5 6
Negative 2 2
Application Reflection on possible future uses 6 27
and any new emerging training
needs.
Critical approach to the 5 8
intelligent agent
Yes A critical approach to the use of 2 3
the intelligent agent is already
emerging.
No The need for critical training in the 5 5
use of ChatGPT and other
artificial intelligences is emerging.
Future uses There is a general reference to the 1 1
possibility of future uses of
ChatGPT.
Possible areas of use The possible areas of use of Al are 4 10
specified.
Limitations The limitations found in practice 5 8
with the intelligent agent.
Relevance Personal idea of limitations and 4 9
potential of ChatGPT and other
artificial intelligences for
educational practice
Original Ideas Some original ideas that the 4 9
students have implemented
starting from and with ChatGPT.
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