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ABSTRACT
Aim/Purpose In undergraduate training, helping students improve argumentative text compre-

hension (CoT) by identifying the elements of an argumentative text and critical
thinking (CT) by reconstructing the meaning of the text and constructing their
own reflections is relevant. Argumentative skills are essential on both the per-
sonal and professional levels.

Background In recent decades, concern has developed over undergraduates’ poor skills in re-
framing and articulating their thinking on a topic, which affects critical thinking
and the ability to express unique perspectives. Customized interventions in
higher education could develop argumentative abilities for professional and pet-
sonal use. In this regard, argument maps (AM) could be a useful tool for the vis-
ualization of arguments. They provide logical relationships between statements
to help understand the reasoning chain.

Methodology Hybrid presence-distance research was conducted over four days. A quasi-exper-
iment with one group and three tests — S1, S2, and S3 — was conducted.
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Contribution Our study aims to investigate and enrich the research landscape, especially in the
Italian university context, regarding the use of AM to support text comprehen-
sion and the development of argumentative skills.

Findings Our preliminary descriptive analysis showed that AM improves students’ CoT
and CT proficiency levels. These abilities improved from the beginning to the
end of the experiment. Inferential analysis showed a beneficial pathway inflec-
tion on final learning improvement. Harly encouraging results suggest that AMs
can improve argumentation comprehension, production, and critical thinking in
teaching and learning,

Recommendations  The learner could better manage knowledge and understand different perspec-
for Practitioners tives with AM usage rules.

Recommendations It is essential to remember that critical thinking is a multifaceted and complex

for Researchers concept. This article examined it as a proxy variable for text comprehension and
argumentation skills. The length of exposure to the method, contexts and in-
struments (analog or digital), and age/education of participants must be consid-
ered when doing AM research.

Impact on Society ~ The method would improve awareness of shared ideas and make it easier to en-
rich and rethink one’ thoughts on the topic.

Future Research To study AM roles in diverse types of information, future research could incot-
porate quantitative and qualitative approaches. Cross-curricular learning for eve-
ryday life in digital and Al-driven environments, as well as text comprehension
and critical thinking, could also be examined. Further research could cover other
aspects of the topic of critical thinking,

Keywords argument maps, comprehension text, critical thinking, argumentative skills, la-
boratory activity

INTRODUCTION

The act of communicating has always been a fundamental pillar of being human. Everyday life is full
of moments when we interact with each other and engage in discussions (Canale et al., 2021). There
is a chance of misunderstandings and disagreements because everything we think, read, or listen to
affects how we interact with other people. Information collection and processing for conversation
can be difficult (Colombo, 2018).

Despite being constantly immersed in communication and exchanges of information and opinions,
in recent decades, there has been a pervasive preoccupation with the lack of comprehension of text
and considerable difficulty in re-elaborating and expressing one’s thoughts on a topic (Moretti, 2010).
This problem is particularly relevant in the post-truth era (Hobbs, 2020). The changing digital spaces
have led to conceptualizing our current time as the “post-digital” era. It assumes that the digital is not
new and goes “beyond binaries such as online/offline, virtual/real, old/new media, digital/analog,
technical/natural, biological/informational” (Macgilchrist, 2021, p. 660).

The enormous complexity faced by such a scenario prompts forceful thinking about media literacy
and its promotion around the world (Hobbs et al., 2019). Indeed, with the rise of the Internet and
digital culture, literacy has evolved to cover a variety of content. Many of these activate strong emo-
tions in the user, simplify information, appeal to audience values, or attack opponents to influence
attitudes and behaviors (Hobbs, 2020). In a sense, one could return to the term “propaganda” today.
Consider how everyone’s daily life, both online and oftline, is affected by advertisements, sponsored
content, as well as hoaxes, conspiracy theories, and pseudoscience (Hobbs, 2020; Hobbs et al., 2019).
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Previous authors, such as Buckingham (2003, 2009), reflected on how the concept of media literacy
was closely related to the idea of “critical awareness” and “democratic participation.” They empha-
sized how the digitally literate individual could search efficiently, comparing a range of sources and
selecting relevant and relevant documents (Buckingham, 2009). The push came for increasingly digit-
ized information, requiring literacy that went beyond just functional computer use. We were moving
toward the idea of evaluating, reflecting on, and critically using information to turn it into knowledge
(Buckingham, 2006, 2015).

However, we had only just begun to realize that we needed to acquire new skills to deal with the
highly dynamic, conflicting, and dangerous contexts (Hobbs et al., 2019) when the pandemic acceler-
ated everything, Indeed, the pandemic has revealed ever-increasing tensions, and some of those
changes are now irreversible (Coates et al., 2021). Understanding those changes is essential to under-
standing what is happening and what possible futures may emerge (Coates et al., 2021).

Throughout this context of continuous reconfiguration, recent literature still emphasizes the central
role of promoting argumentative skills in a person’s formal and informal education (Alotto, 2021;
Colombo, 2018; Wambsganss et al., 2020). Kuhn (2010, 2018) spoke of a “double relationship” be-
tween argumentation as a critical thinking practice, leading to more argumentative thoughts, better
decisions, and everyday problem-solving practices.

Today, the risk is not being able to grasp the point of view of others after reading an article, a post,
or a contribution in a forum and failing to engage with each other constructively (Colombo, 2018). In
this regard, in March 2010, the European Commission presented the New Strategy Europe 2020,
which proposed, among the eight parameters, that the percentage of 15-year-olds with poor results in
reading, math, and science should be lower than 15% (Commissione Europea, 2010). According to
the monitoring reports of INVALSI (2015) on reading literacy in Italy, about 20% of the schooled
15-year-olds wete not able to reach the second level in reading and comprehension on the Pro-
gramme for International Student Assessment (PISA) scale (OCSE-PISA, 2015). Failing this level
means being only able to recognize familiar words in simple text and establish meanings connected to
the reading. This situation also remained unchanged in the PISA 2018 monitoring report INVALSI,
2018) and some of the most recent results of OECD indicators (OECD, 2020, 2021).

These results find some continuity when we turn to the analysis of college students. The gap seems
to transfer almost unchanged from the last years of high school to the first years of college. How-
ever, these are different moments in which the inability to understand what skills are needed to cope
with the changing reality and especially how to acquire them persists.

In fact, the results of the annual surveys of the TECO (TEst on COmpetencies) project, launched in
2012 by ANVUR (National Agency for the Evaluation of the University System and Research), still
constitute an integral part of the Student Self-Assessment, Periodic Evaluation, and Accreditation
(AVA) system (ANVUR, 2021a). Through the construction of indicators that estimate the skill levels
of university students, it aims to contribute to improving the quality of the educational process by
activating internal mechanisms of self-evaluation within the academic world.

The most recent results of the TECO 2020/2021 tests, based on surveys of cross-curticular skills
such as Literacy, Numeracy, Problem Solving and Civics in about 60 Italian universities, have revealed
that in the very eatly years of university, statistically lower scores are found especially in Literacy and
Numeracy (ANVUR, 2021b) than in older students. This points to a still firm difficulty in under-
standing, interpreting, evaluating texts and reflecting on the content and form of information of un-
dergraduate students, especially in the early years. This is a difficulty that cannot be taken for granted,
especially today.

In this context, the aim of this research is to analyze the impact of instruments that support argu-
mentative skills, which are connected to critical thinking. We consider that appropriate instruments,
both analogical and digital, could support the development of key skills to live in a postdigital society.
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In the remainder of this paper, the reader will find specific sections with the following content: (a)
background, introducing the importance of skills such as argumentative skills in post-digital reality
and the methodology of AMs to support this; (b) method, where the research questions are stated,;
and (c) results, where we consider the findings in light of their relevance for future teaching and
learning practices in contexts using multimedia, dynamic, and post-digital approaches. The discussion
and conclusion sections illustrate the initial reconceptualization following the results obtained, with
evidence of limitations and future design lines.

BACKGROUND

ARGUMENTATIVE SKILLS IN POST-DIGITALITY

Argumentative skills make it possible to go beyond simple argumentative performance, enabling criti-
cal thinking as the basis for citizenship in a democratic society (Iordanou & Rapanta, 2021). Knowing
how to argue is not only an essential part of our daily lives but is also significant in developing col-
laboration and problem-solving skills (Wambsganss et al., 2020). The ability to argue is part of the
ability to think critically and communicate to convince or persuade the reader (Iswati & Purwati,

2022).

Many authors have highlighted the central role of promoting argumentation skills in our formal edu-
cation system. Most students, in fact, learn to argue through interactions with peers and/or teachers
when they need valuable support in learning to proceed in argumentation (Wambsganss et al., 2020).

Argumentative texts have traditionally been seen as a tool for functional training in identifying diverse
perspectives and their respective bases of support (Colombo, 2018). This textual typology, in fact,
perfectly sums up the argumentative procedure — one argues a thesis about an argument and tries to
provide supporting arguments or answer various objections to convince others of the goodness of
the thesis (Lo Feudo, 2018; Ozdemir, 2018). Training oneself to recognize and identify the six key
elements — problem, thesis, reasons, antithesis, evidence, and conclusion — allows one to reconstruct
the underlying thread of the argumentative proceeding (Ozdemir, 2018). By learning the argument
elements, the student will feel more solid even in the step-by-step creation of arguments (Ozdemir,
2018). However, these components are not always made explicit. It proves necessary to perform ac-
tions and operations to be able to reconstruct what the author wants to communicate (Alotto, 2021,

p- 17).

Many students still have difficulty understanding and analyzing the structure of argumentative text
because it is a complicated task that requires skills that cannot be taken for granted (Alotto, 2021).
The topics proposed in a text do not have a sequential nature per se (Alotto, 2021; Ganino, 2020).
Very often, the key topic is surrounded by a variety of other superfluous propositions that interfere
with comprehension and increase the so-called “cognitive load” for the reader (i.c., the effort associ-
ated with memory during cognitive activities such as learning or problem-solving) (Sweller, 1988,
2005). In contrast, information presented in a way that reduces this cognitive load would allow for
increased learning and logical reasoning (Alotto, 2021; Ganino, 2020).

Argument Maps (AMs) can provide valuable support for this process. Unlike the more common
mind maps and concept maps, they do not just connect ideas in a simple way; they also make compli-
cated reasoning easier to understand by showing how different statements are related logically (Car-
rington et al., 2011; Lidaker, 2018). They are designed to enable the user to keep track of the chain
of reasoning (Simari & Rahwan, 2009), understand it better, and be able to assess its correctness and
acceptability (Alotto, 2021).

Clarity comes from the fact that students, through the map, are encouraged to reflect on the text read
and reconstruct their existing knowledge. This process does not occur when students rework certain
ideas forcibly proposed from outside (Mochizuki et al., 2019).
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The rules for constructing AMs direct those who use them to apply a series of mental operations.
Early in 1950, Monroe Beardsley (“Argument map,” 2023) provided the first example of a text ana-
lyzed following a precise sequence of steps. Subsequently, more recent works by Harrell and Wetzel
(2015) and Harrell (2022) have updated the procedure as follows:

identify all the claims being made by the author;

rewrite them as independent statements, eliminating non-essential words;

identify which statements are premises, sub-conclusions, and the main conclusion;
provide missing, implied conclusions, and implied premises (this is optional depending on
the purpose of the argument map);

put the statements into boxes and draw a line between any boxes that are linked,;

e indicate support from the premise(s) to the (sub)conclusion with arrows.

By carrying out these cognitive operations, the construction of an AM becomes a moment of decod-
ing and reconstruction of the argument (Alotto, 2021; Chounta et al., 2017; Harrell & Wetzel, 2015).

Diagramming, in short, forces one to dwell on what one reads. A range of skills of comprehension,
analysis, representation, evaluation, and ultimately, the production of one’s own reasoning are
brought into play. Being able to grasp the meaning of what one reads, one can acquire the process of
asking questions, examining data, and drawing personal considerations and conclusions from these
(Davies, 2011, 2012; Harrell & Wetzel, 2015).

ARGUMENT MAPS: PREVIOUS AND CURRENT STUDIES

Over time, this tool has been studied far and wide to test its potential. In his study on the effects of
AMs, Christopher P. Dwyer (National University of Ireland) looked at how reading and then making
structured maps to represent the topic could be useful in learning and assimilating activities in the
classroom (Dwyer et al., 2010, 2013). In their study, Harrell and Wetzel (2015) emphasized the im-
portance of developing critical thinking skills among college students, especially today. Hence, they
experimented with the AMs technique, developing an entire “argumentative diagram curriculum.”
They studied the level of change in the development of different ideas students generated about the
arguments of their own and others. Positive results were observed both in the development of gen-
eral critical thinking skills and in the development of discipline-specific analytical skills.

In a study done at Princeton University, van der Brugge (2018) of Melbourne University found that
teaching philosophy with AMs helped students improve at critical thinking and reworking. More re-
cent studies by Fan and Chen (2021) from the Department of Computer Science and Information
Engineering at Taiwan University uncovered how a computer-assisted AM and argumentative essay-
writing system supported students in learning argumentation structures and improving their argu-
mentation skills.

Considering the previous background, the present study aims to analyze the impact of AMs on stu-
dents’ level of text comprehension and explore the liaisons with critical thinking skills. Moreover, the
study adopts a hybrid approach to learning, where presence and distance learning are blended, in an
attempt to understand whether this environment is effective in promoting more argumentative skills.
Indeed, the shift to emergency online learning due to the closure of so many campuses and universi-
ties was the first push. But students’ maturity in engaging in hybrid learning is still a work in progress
(Coates et al., 2021).

In the Italian context, we observed a dearth of empirical research. Despite the existence of tools cre-
ated and used in specific cases (cf. Alotto’s (2021) research previously mentioned), the research field
connected to the impact on argumentative skills and critical thinking has not been followed up ac-
cording to our screening of the literature in Italian.

Indeed, to support the present investigation, the authors conducted a prior analysis based on a sys-
tematic literature review (Crudele & Raffaghelli, in press). As a first action, a screening of Italian
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journals (listed in ANVUR, a selection of best quality journals at Italian level, https://www.an-
vur.it/wp-content/uploads/2023/09/Elenco-riviste-classeA Areall 05092023.pdf) was conducted
using the queries “argument maps” and “argument maps ‘AND” critical thinking” but no case studies
were found in Italy about the subject matter. Previous thinking was somewhat confirmed.

Instead, the study intensively documented the use of AM methods to develop argumentative under-
standing, writing skills, and critical thinking internationally. Nonetheless, AM usage was relatively new
in teaching and learning digital contexts. Most studies adopted an “analog” setting, For example, in
Kaeppel’s (2021) study, a course with AMs was conducted in an undergraduate philosophy course to
provide support for the development of critical discernment of meanings and different points of
view. The setting was purely analog, with analog argumentative texts and maps. A deep connection
between AM and critical thinking was found here. Another example of using an analog setting is the
study by Malmir and Khosravi (2018). This study analyzed the effect of teaching AMs technique on
the writing achievement of Iranian EFL (English as a foreign language) learners. The results of the
data analysis revealed that AM strategies had a significant impact on improving expository and de-
scriptive writing tasks.

The digital and hybrid learning approach is in the early stages of development. For example, the
study by Kabatas Memi$ and Karakus (2021) presented both digital argumentative text and analog
AMs. The experiments conducted tested the use of AMs, respectively, to support students’ reading
and comprehension skills of argumentative texts in relation to improving problem-solving skills. An-
other example is Eftekhari and Sotoudehnama’s (2018) study with digitized mapping tools. The aim
was to increase the level of text comprehension related to the development of more transversal skills,
such as memory and memorization of the topic structure. In both studies, the results demonstrate a
positive effect of AMs on learning. However, the results cannot be considered fully generalizable and
relatively contextual (the first study was conducted in a Turkish secondary school context, and the
second in a group of Iranian EFL undergraduates). Stemming from the previously mentioned inter-
national research landscape, our study in the specific context of Italian undergraduate education
tinds justification.

Although our study might not be deemed generalizable given the quasi-experimental nature, it sheds
light on possible nuances and specific problems in a local context. It lays the groundwork for other
comparative studies, paving the way for comprehensive reflection on the effectiveness of AMs in
promoting argumentative skills (comprehension and production of argumentative texts) and, not
least, critical thinking in an age of post-truth and post-digital.

MATERIALS AND METHODS

AIM AND RESEARCH QUESTIONS

The research activity aimed to probe: (1) the extent to which AMs, delivered in a hybrid course, aid
students in increasing their level of text comprehension and critical thinking skills, and (2) the extent
to which improving these argumentative skills connect with self-evaluative perception and final per-
formance.

Based on these premises, we formulated one primary research question (PRQ) and three subsidiary
research questions:

PRQ (Primary research question): Is there a relationship between AMs intervention and in-
creased text comprehension related to critical thinking and final performance?

Starting from this general question, more specific research questions (SRQ) were traced:

SRQ 1.1: Does the training on AM usage support the increase in comprehension of an argu-
mentative text?
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This question aims to explore to what extent the technique of AMs correlates with the increase in

undergraduate students’ understanding of a given text in the context of hybrid learning, The AMs,
embedded into a hybrid course configure the treatment (or independent variable). Students’ undet-
standing of a text configures the response explored (or dependent variable). Specifically, students’

understanding is analyzed, and the correct identification of the text’s structural elements is consid-
ered, as explained before.

SRQ 1.2: Does the training on AMs’ usage develop critical thinking?

This question aims to explore to what extent the AM technique is related to the development of un-
dergraduate students’ level of critical thinking in the context of hybrid learning. The AMs, embedded
into a hybrid course, configure the treatment (or independent variable). The level of critical thinking
related to text comprehension configures the explored response (or dependent variable). Specifically,
students’ critical thinking is analyzed and considered as the correct reconstruction of the author’s
opinion of the text and as the construction of their own opinion about it.

SRQ 1.3: Does the increased level of argumentative ability relate to the final performance in
terms of petrception and actual output?

This question aims to explore to which extent the technique of AMs is related to the improvement
of undergraduate students’ argumentative ability and their final performance. Here the level of argu-
mentative strategies in free writing on forums (or dependent variable) and the final grade (or second
dependent variable) configure the explored responses. Specifically: (1) students’ argumentative skills
are analyzed as the detection of the use of argumentative strategies in writing posts on the general
forum; (2) self-perception of improvement is analyzed in terms of student’s self-evaluation; and (3)
students’ final performance is analyzed as the final grade at the end of the course.

SAMPLE

The target sample numbered 103 female students, aged 18 to 40, attending the second year of the
three-year course in Design, Documentation, and Evaluation for Eatly Childhood in the University
of Padua’s Bachelor of Science in Education and Training (L-19), based in Rovigo.

RESEARCH DESIGN

The research was conducted through a hybrid approach (Presence-Distance) over four days of activi-
ties (Figure 1 and Table 1). A quasi-experimental design with a single-group experimental plan was
chosen. The reason for this choice is that in an ecological context such as university and university
courses, this type of study is considered preliminary and the first stage of a larger study. In addition,
sometimes the choice depends on general planning circumstances and other issues not directly re-
lated to teaching. The activity proposed was a “Lab” as a space where the students can actively en-
gage with resources, activities and the teaching staff. The topic offered also proposed a degree of
novelty (technologies and Al in early education and care) in order to expose the students to aspects
that generated a sense of puzzlement as well as curiosity. The research followed the general ethical
instructions and guidance provided by the FISPPA department’s ethics committee guidelines. In addi-
tion, for the improvement of practices, pedagogical practices followed the continuous improvement
of the T4L program.

We created a hybrid setting that combined in-presence moments and asynchronous teaching meth-
ods. The hybridity consisted of digitally usable argumentative texts, digital information sources such
as tutorials that replaced the in-person lecture, and a series of activities to be done on the course’s
Moodle platform. Our intent was to see if the hybrid study could prove as functional and/or effec-
tive as an analog study.
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Figure 1. Outline research design

Table 1. Method instruments and procedures

of texts data

Intermediate
test (52)

Post-test (S3)

tured survey instru-
ment with closed
stimulus questions.

Introduction to | At the begin- | Exposition to a Participation The focus of Texts’

the topic ning of each | topic triggering par- Analysis and AM con-
step ticipants’ response struction

Comprehension | Pre-test (S1) The semi-struc- Checklist of argu- | SRQ 1.1. Increased com-

mentative correct-
ness.

prehension of argumen-
tative text, in terms of
identifying structural ele-
ments.

tion

AMs construc-

Pre-test (M1)

Intermediate

test (M2)

Post-test (M3)

Graphic elaboration
of an AM.

Checklist of cot-
rect map construc-
tion.

SRQ 1.1. Increased AMs
construction skills, in
terms of identifying and
juxtaposing components
in space.

504



Crudele & Raffaghelli

Teaching activi- M Data collection Data analysis Expected results per
. oments

ties tools tools SRQ

Critical Think- Pre-test Based on text com- | An adapted version | SRQ 1.2. Increased level

ing data (CT1) prehension data of the Holistic of critical thinking, in

Critical Thinking terms of reconstructing
Intermediate Scoring Rubric the meaning of the text
test (CT2) (HCTSR). and constructing one’s
own thinking,

Post-test
(CT3)

A single-group quasi-experiment was conducted with three testing moments: pre-test (S1), mid-test
(82), and post-test (S3). To collect data about argument comprehension, in terms of identifying the
basic structural components of an argumentative text, a semi-structured survey instrument was cre-
ated with closed-stimulus questions (Appendix A and Appendix B). The tool presented precise tasks
to which the student had to respond with short, placeable answers within a limited range of possibili-
ties. The correctness of the answers would then refer to a predetermined pattern of correct answers:
a checklist was constructed with scores of 0 - 0.5 - 1, respectively, for an undetected, partially identi-
fied and identified component, for a total of 7 points.

Specifically, students were asked to read an argumentative text based on a course topic (technologies
and childhood), so as to preserve familiarity and then to fill out the questionnaire, reporting the ele-
ments of the argumentation (problem, thesis, supporting arguments, objections and conclusion). Fi-
nally, they were to construct an AM (M1, M2, M3), bringing together the components of the text
they read and reconstructing its meaning, A checklist with scores from 0 to 7 was created to evaluate
the construction of the maps. The completeness of the maps was measured by how many structural
clements were identified and juxtaposed during construction.

Based on the data collected about the comprehension of texts, an adapted version of the Holistic
Critical Thinking Scoring Rubric, the HCTSR (Facione & Facione, 2014), a holistic rubric designed to
assess the level of critical thinking qualitatively, was employed (Appendix C). The original version of
the rubric included a grid of four mastery levels and some input for rethinking action per level
(Facione & Facione, 2014). After about three meetings among the paper’s discussants, it was decided
to combine the rubric’s mastery levels with four specific categories, arriving at the most correct cot-
relation between the rubric’s indices and the five key components-texts to be identified.

The rubric maintained a grid of four levels of mastery (strong, acceptable, weak, and absent), com-
bined with four investigated categories obtained from the text comprehension test questions:

Identify important information.
Identify arguments and counter-arguments or alternative points of view.
Conclude and explain the reasons.

Understand and modify one’s opinion based on evidence.

The instrument was not directly administered to students but was used by the researchers at three
separate times: pre (CT1), intermediate (CT2) and post (CT3) times. Students were then asked to
make their opinions about the tools used explicitly through posts on forums.

In this study, we assessed the reliability and internal consistency of the rubric and its components us-
ing Cronbach’s Alpha analysis. Measurement was sought first by single dimension and then in total.
Initially, we calculated Cronbach’s Alpha separately for each dimension and then for the overall set.
Opverall, the results indicated moderate internal consistency among the dimension items (pre = 0.71;
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int = 0.4; post = 0.46). However, when examining the overall Cronbach’s Alpha, we observed a rela-
tively high value (raw alpha = 0.71), suggesting satisfactory internal consistency among the items.
Furthermore, the standardized alpha value (std. alpha = 0.71) indicates that the items contribute con-
sistently to the overall internal consistency. Overall, these findings demonstrate robust internal con-
sistency among the items comprising the rubric used in our study.

To answer SRQ 1.3. data were prepared and collected about different tests to capture a correlation
between the variables analyzed: the structured knowledge test, the comprehension of text; the un-
structured test, such as the free writing forum; the self-assessment moment; and the final perfor-
mance return moment, with the final grade (Table 2).

From there, a multiple linear regression was conducted to estimate the relationship between two or

more independent variables and one dependent variable. Two regression models were built with dif-
ferent predictors, investigating final performance and the critical thinking construct as the response

variable, respectively.

To build the models, the hierarchical regression method was considered. Predictors are selected based
on previous work and entered into the model. Once entered, the experimenter can delete and/or add
any new predictors to the model in a stepwise manner (Field et al., 2012, p. 264). The regression
models considered, as we will see later, were analyzed and enriched in this manner.

Table 2. Analysis phases
Phases Variables Data collection Anal.ys1s method- | Adopted .
tools ologies and tools Technologies
Descriptive Sta- | Text Comprehension | Check-list One-way repeated- | Moodle platform
tistics Phase measures (collection data)
AMs Construction Check-list ANOVA test R studio (analysis
data)
Critical thinking HCTSR
Preparatory Argumentative Skills | Check-list Spearman Correla- | Moodle platform
Phase in Forum tion (collection data)
R studio (analysis
Self-assessment Structured Ques- data)
tionnaire
Final Performance Final grade
Regression Final Performance Final grade Multiple Linear Re- | Moodle platform
Phase gression (collection data)
. o R studio (analysis
Critical Thinking HCTSR data)

The appendices have been organized to present the instruments used in data collection more specifi-
cally. Appendix A presents the semi-structured survey instrument with the seven closed stimulus
questions. Appendix B is the checklist for scoring the correct text comprehension answers, as ex-
plained before. Appendix C presents the adapted version of HCTSR, with its four mastery levels re-
lated to the four indicators obtained from the comprehension questions.
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RESULTS

In the following sections, the findings are presented in response to the proposed research questions.

SRQ 1.1: DOES THE TRAINING ON AMS’ USAGE SUPPORT THE INCREASE
IN COMPREHENSION OF AN ARGUMENTATIVE TEXT?

To answer this research question, the data collected about the correct understanding of the argumen-
tative text and the respective construction of an AM were analyzed. The first scores obtained con-
cern the number of correctly identified structural components of the text. Then, based on the identi-
tied elements, the correct construction of AMs was analyzed. The boxplots in Figure 2 introduce the
distribution and variability of the first two variables analyzed.

Argumentative Text Comprehension Argument Maps Exercise
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Figure 2. Boxplot

Regarding the ability to correctly identify and report the structural components of an argumentative
text, after the course with AMs, students are facilitated in reporting the correct components (S3.
M=4.48; SD=1.34) (Table 3). Except for S2 (§2. Me=4.500; M=4.231; IQR=2.125), where there was
greater variance, the median was close to the mean in general. We found stability in the impact of ex-
perimentation (S1. Me=4,000; M=3,946; IQR=2,250; S3. Me=4,500; M=4,480; IQR=2000).

Table 3. Descriptive statistics - text comprehension test

Situation | Mean | Std. Dev. | Min [ Q1 | Median | Q3 | Max | Skewness | Kurtosis

Students’ comprehension of the text

S1 395 (143 1.00 | 2.50 | 4.00 5.00 | 7.00 | -0.04 -0.67
S2 423 |[1.35 1.00 | 3.25 | 4.50 5.50 | 7.00 | -0.33 -0.43
S3 448 | 1.34 1.00 | 3.50 | 4.50 5.50 | 7.00 | -0.34 -0.46

The descriptive statistics table shows a rise in text comprehension scores from start to finish. Infer-
ential tests determined the significance of teaching activities as can be seen in the Open Data
(Crudele & Raffaghelli, 2023). Inferential tests revealed a moderately significant difference in text
comprehension, with a post-hoc test showing a significant difference between pre-test and post-test
scores (See Appendix D for details.). Ultimately, the effect size confirmed a moderate effect between
pre-test and post-test. This result seems to indicate that AMs facilitate better identification of struc-
tural elements in argumentative texts and subsequent comprehension.
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Continuing with the data on argument map construction, on average, there was a slight improvement
from the initial phase (M3. M=4.68; SD=1.22). In this case, however, more divergent values were
found between the median and mean (M1. Mdn=4.000; M=4.462; IQR=2.000; M2. Mdn=4,500;
M=4,583; IQR=1,500; M3. Mdn=4,500; M=4,675; IQR=2,000). This suggested some variability and
possible diversification concerning the performance of students (Table 4).

Table 4. Descriptive statistics - argumentative map construction

Situation | Mean | Std. Dev. | Min | Q1 [ Median | Q3 | Max. | Skewness | Kurtosis

Completeness of maps constructed by students

M1 446 | 1.10 2.50 1 3.50 | 4.00 5501 7.00 | 046 -0.97
M2 458 10.95 3.00 | 4.00 | 4.50 5501650 | 0.21 -0.96
M3 4.68 | 1.22 2.00 | 4.00 | 4.50 6.00 | 7.00 | 0.09 -0.91

The descriptive statistics again revealed an improvement at the final phase of experimentation. How-
ever, inferential tests revealed a widespread low significance, with a post-hoc test showing no signifi-
cant difference between testing moments (Appendix D). Ultimately, a small effect size was found and
confirmed in all three moments. The average results, therefore, seem to have improved at the final
phase. However, the low significance, probably caused by the greater dispersion of students’ perfor-
mance, i.e., performance that is too different from each other, suggests the need to reflect on the
greater complexity of the map-making skill.

SRQ 1.2: DOES THE TRAINING ON AMS’ USAGE DEVELOP CRITICAL
THINKING?

An adapted version of the HCTSR holistic rubric was used to answer this research question. Data
were collected on students’ critical thinking in relation to text comprehension responses. The final
result took into account the reconstruction of the meaning of the text in terms of how many struc-
tural elements of the argumentative text were identified and the level of structuring one’s opinion on
the topic covered. The boxplot in Figure 3 shows an initial visualization of the variable’s trend.

Critical-Thinking Evaluation
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T
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Figure 3. Boxplot
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Students’ critical thinking improved after the AM course, with steady improvement from the initial
phase. Stability was observed in detecting the experimentation’s impact on understanding opinions on

topics (Table 5).

After the course with AMs, an increase in students’ critical thinking was detected (CT3. M=8.00;
SD=1.03). From the initial moment (CT1), there was a steady improvement with low, if any, devia-
tion (CT1. Mdn=6.500; M=6.660; IQR=2.250; CT2. Mdn=7,750; M=7,780; IQR=1,250; CT?3.
Mdn=8,000; M=8,000; IQR=1,250). It was then possible to read stability in detecting the impact of
experimentation on the skills of understanding one’s own and others’ opinions on a topic (Table 5).

Table 5. Descriptive statistics - level of critical thinking

Mean | Std. Dev. [ Min [ Q1 [ Median | Q3 | Max | Skewness | Kurtosis

Level of Critical Thinking with HCTSR Rubric

CT 6.66 1.44 4.001550 650 |7.75]10.00 0.28 -0.62
1

CT 7.78 1.07 4251725 7.75 8.50 | 10.00 -0.33 0.45
2

CT 8.00 1.03 5.50 | 7.25 8.00 | 8.50 | 10.00 0.02 -0.51
3

The descriptive statistics revealed an improvement at the final phase of experimentation. Inferential
tests and post-hoc found a significant difference in critical thinking data between two testing times,
CT1-CT2 and CT1-CT3 (Appendix D, copy of Table 5). This indicated an increasing improvement
in understanding argumentative text opinions and formulating one’s own thinking. The self-percep-
tion of substantial improvement in female students from the early stages of the experiment suggests
a high subjective impact.

SRQ 1.3: DOES THE INCREASED LEVEL OF ARGUMENTATIVE ABILITY
RELATE TO THE FINAL PERFORMANCE IN TERMS OF PERCEPTION AND
AcTUAL OUuTPUT?

To answer this research question, students’ contributions on the forum, self-assessment data, and fi-
nal performance results, were collected.

In the preparatory phase, which can be seen below, the correlation between the variables was traced.
It was used to establish the strength and direction of the relationship between the laboratory varia-
bles and the continuous learning variables. The data collected during the intervention and the use of
AMs were correlated with data on: (1) students’ argumentative skills in terms of more structured
written posts in the forum; (2) self-perception of improvement; and (3) final performance.

The second stage, the regression stage, was conducted to investigate further the relationship between
a construct (dependent variable) and multiple independent variables. It was interesting to investigate
which independent variable influenced the response of the model the most.

SRQ 1.3.1: Preparatory phase

The study investigated three variables: argumentative ability related to free production on the forum,
subjective perception, and final performance. In the APA-style table (Appendix E), a correlation ma-
trix between all variables in the model is shown.
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The results showed no significant Spearman correlation between Forum_Post, the final detection of
argumentative skills in the forum, and Post_CriThink, the final level of critical thinking. However, a
positive correlation was observed with Map3b_Lab, the final skill of constructing AMs, and a posi-
tive moderating correlation with PostTest_Lab, the final moment of text comprehension (Appendix
D).

The second aspect, students’ subjective perception, showed a negative correlation between Auto-
val_Post, PostTest_Lab and Post_CriThink.

Regarding final performance, results revealed a significant positive correlation with Map3b_Lab and a
moderate positive correlation with the variables PostTest_Lab and Post_CriThink. A heatmap graph
revealed a deep positive correlation between PreTest_Lab and Pre_Crithink, and PostTest_Lab and
Post_Crithink. Excessive linearity emerges between the two predictors, perhaps due to the strong in-
terconnectedness of the data collection and analysis tools.

SRQ 1.3.2: Regression phase

The first regression model was constructed (cf. open data), including PreTest_Lab, PostTest_Lab,
Map1b_lLab, and Map3b_Lab as explanatory variables and Grade_Fin as the response variable (Ap-
pendix D). The model showed a good fit to the data. The explanatory variable Map3b_Lab contrib-
uted significantly to the model, but only 14% of the variance was explained.

The second regression model was constructed, including PreTest_ILab, PostTest_Lab, Map3b_Lab
and Forum_Post as explanatory variables and the Post_Crithink as a response variable. No normal
distribution was checked. Therefore, it was adjusted by removing predictors (Forum_Post) and inves-
tigating the influence of the explanatory variables PreTest_Lab, PostTest_Lab, Map1b_Lab and
Map3b_Lab. The regression equation was significant, explaining about 61% of the variance in
Post_CriThink scores. The PostTest_Lab predictor contributed significantly to the model.

D1SCUSSION AND CONCLUSIONS

This paper investigated the fundamental aspects of teaching and focused on promoting the refine-
ment of argumentative skills in terms of text comprehension, map construction, final learning, and
the general skill of critical thinking,

Starting with the two subsidiary questions, initial analyses suggested that AMs can support the devel-
opment of argumentative text comprehension and critical thinking in students. An improvement was
seen in the ability to correctly name and describe the structural parts of an argumentative text. There
was also an improvement in understanding the rules for making a proper AM.

Figure 4 is an illustration of the students’ pre- and post-experimentation AMs. The acquisition of
this methodology seems to have enabled even the acquisition of a technique for better visualization
of the argumentative chain of reasoning,

The images show the rendering of the learned AMs technique. Previously, information was collected
in no real order. Subsequently, they were arranged according to the rules of the construction of the
AMs. The organization of the main components of the text with colors and precise positions helps
with more immediate visualization and reconstruction of the meaning of the text.

The data also certainly showed a growing awareness of the importance of critically analyzing what
one reads to form a critical opinion about it. In this case, as mentioned eatlier, there was a gradual
improvement between pre- and post-intervention time and great significance was also noted. Critical
thinking remains one of the most complex and layered of the known skills, and although the results
give hope that we are on the right track, there remains a need to continue to explore possible meth-
odologies and uses further towards a well-rounded critical education.
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Figure 4. Students’ AM maps

Turning to the in-depth investigation of the supposed correlation between the two previously dis-
cussed skills and the final learning outcomes, the regression model data allowed for the following
general picture to be reworked. As a result of the significant correlation with the results inherent in
the AMs building skills and the promising data of their relevance in the final performance, a positive
pathway inflection with the AMs about the improvement of final learning could be evidenced. Our
intervention allowed us to reflect on how the specific use of an instructional approach and tool,
which facilitates the reconstruction and visualization of complex thinking, positively influences stu-
dent learning, not only concurrently with the intervention itself but also with subsequent course
learning,

However, it should be noted that the regression model as a whole explained only a small percentage
of the variance in the results, which could indicate the presence of other factors influencing students’
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final scores that were not accounted for in the model. Hence, it is necessary to reflect on the idea
that, although the tool has emerged functional for the stimulation of improved final performance, it
is extremely important to deepen, also qualitatively, the most useful and most critical aspects of
AMs-based teaching to refine operationalization in research and educational practice.

Another interesting construct that was investigated with a regression model was the level of critical
thinking, An attempt was made to investigate and promote the construct of critical thinking as a re-
sponse variable as one of the cornerstones of active teaching,

From the correlation results first and regression results later, a positive relevance and influence of
text comprehension skills on improving the level of critical thinking of students emerged in a hybrid
context of learning. Higher levels of proficiency in recognizing the structural elements of an argu-
mentative text were associated with higher levels of improvement in understanding and reconstruct-
ing the opinion expressed in the text, as well as in formulating one’s own thinking about it. The ex-
treme interrelationship between PostTest_Lab and Post_CriThink traced, however, raised questions
about whether the two measurement methods employed to investigate the two variables were per-
haps too similar, or whether different tests of critical thinking assessment are needed.

Two other constructs investigated referred to argumentative skills developed in a free, online writing
moment (forum) and self-assessment results. Regarding the online forum, it was investigated how
much the acquisition of knowledge and skills, such as text comprehension and map construction, af-
fected argumentative skills related to free production on forums.

Hence, it appeared that in a free-writing, online unstructured test, the construction of AMs and the
skills related to them, seemed to have had a significant impact, retracing the studies in the field with
analog and digital tests. In this regard, we take up previous studies such as those by Dwyer et al.
(2010, 2013). Here AMs in the form of map reading had been found to be more functional than text
reading in teaching reading comprehension and writing, Positive and interesting results were also re-
ported in a more recent study by Malmir and Khosravi (2018). Indeed, in this study, some argumenta-
tive mapping techniques, such as locating relationships, sorting information, and brainstorming, sup-
ported the writing process. The AMs provide a coherent and cohesive layout that activates EFL
learners’ comprehension, language production, and writing process.

Maps involve structuring and analytical skills, which can support reworking during creative, free writ-
ing. Our results demonstrate that both analog and digital writing benefit from AM’s exercises, based
on hybrid environments and instruments supporting the achievement of skills. In contrast, the non-
significant correlation with critical thinking outcomes highlighted a possible challenge to critical
thinking as a proxy variable for text comprehension and corresponding map construction. This is
perhaps due to the use of only one assessment tool, such as the holistically adapted rubric, which, as
the only tool used, failed to fully reflect small elements of knowledge acquisition.

Regarding subjective and personal perceptions of improvement, the fact that there was no significant
correlation between these results and the actual results of the structured test on knowledge acquisi-
tion and map construction showed that this instrument was probably not sensitive enough to show
how the experiment affected students.

It seems that when they rate very well, there are quite low scores, and vice versa. Some authors in the
literature suggest that this bias effect may be due to “regression towards the mean” (Breidert & Fite,
2009, p. 4). The accuracy of self-assessment seems to moderate with skill level. As a student’s skill
level increases, the accuracy of self-assessment increases. People with low actual competence assess
themselves above average, while people gifted in some skills assess themselves more accurately and
lower (Breidert & Fite, 2009; Lew et al., 2010).

Kruger and Dunning (1999, 2002) explained the relationship between skill level (competence), skill
esteem (the level of competence), and skill esteem (confidence), pointing out that people who have
become more competent are more confident but accurate than those who are less competent and are
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overconfident. Our intervention does not seem exempt from this effect. This might also justify the
results obtained about the correlation between self-assessment and students’ final performance.

Another aspect that may have been influential is related to what our self-assessment instrument
sought to investigate — students were asked to comment on the impact of the intervention on their
knowledge and the transferability of that knowledge to other areas. The extent of the argumentative
skills acquired was not investigated. Thus, a large gap was revealed to be filled, and the component of
surprise and discovery of a hitherto unknown element may have taken over. This may have led the
lower-performing students to self-evaluate more accurately the idea of having acquired new skills and
tools.

Finally, it is relevant to consider some future lines of research born out of the very limitations of our
study. First, it might be interesting to integrate qualitative tools to investigate aspects that we may
have missed, and that might better explain the need for good final performance. Also, in this way, we
could move closer to refining the methodology of AMs, so that they also support long-term learning,
In this regard, it might also be interesting to reformulate a self-assessment tool that would dwell
more on the argumentative skills acquired during the course. This could prove useful in capturing
shades of subjective perceptions, not only about teaching methodology but also about how students
themselves learn.

Another necessary step to be put in place is to reconsider the holistic rubric used to assess critical
thinking, trying to consider a reconceptualization of it or other tools to go alongside it or replace it,
to move towards a more in-depth assessment of this construct.

Building on our findings, practical implications can also be hypothesized for educators who come to
think about and design hybrid courses using methodologies such as AMs. These are:

® Tirst, Italian universities could consider the activation and research-based monitoring of
pathways for the development of argumentative skills related to critical thinking and educa-
tion. These can be integrated and enrich the curricula offered to students.

® Second, there is a need to think about pathways specifically for the different disciplinary ar-
eas covered. Each discipline has peculiarities, so there are specific educational requirements
for the types of argumentative texts and exercises. Hence, the idea of having to rethink fu-
ture activities, both cross-curricularly and specifically.

e Finally, more connections with the library system could be considered of for the activation
of random and longitudinal experimental programs conducted with and by faculty with a fo-
cus on the development of information literacy.

Future research can build on precisely these points of criticality and move towards a well-rounded
investigation of AMs as a foundational part of didactics aimed not only at learning and developing
specific skills, such as argumentative and critical thinking skills, as in this case but also at acquiring
transversal skills that can be used in other learning moments as well.
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APPENDIX A

THE SEMI-STRUCTURED SURVEY INSTRUMENT WITH CLOSED STIMULUS
QUESTIONS

Course of Study in Education and Training Sciences (EPI)
Teaching of Planning, Documentation and Evaluation For Early Childhood
AA 2021/2022

Name and Surname

Read carefully the argumentative text you received for the day’s workshop activity.
Then complete the following questions, and then upload the file to the related task space.

1st question What is the topic (problem) discussed in the text?
2nd question What is the author’s opinion (thesis)?
3rd question Identify the arguments that seem to support the author’s opinion and quote

the sentences from the text below.

4th question Identify, if any, the opinion contrary to the author’s opinion (antithesis) and
report the sentences from the text below.

5th question Identify the evidence (foundation) of the argument.
6th question What, in your opinion, is the conclusion reached by the author?
7th question What is your opinion about it? And how much has it changed as a result of

reading the author’s point of view?
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APPENDIX B

CHECK-LIST FOR IDENTIFYING THE STRUCTURAL ELEMENTS OF AN
ARGUMENTATIVE TEXT

Component Component par- | Component
Questions identified tially identified | not identified
1 point 0.5 points 0 points

What is the problem discussed in the
text?

What is the author’s opinion, the the-
sis?

What arguments seem to you to sup-
port the authot’s opinion?

What, if any, is the contrary opinion
to the author’s?

What is the basis of the argument?

What is the conclusion reached by
the author?

What is your opinion on the matter?
And how much has it changed as a
result of reading the author’s point
of view?
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APPENDIX C

AN ADAPTED VERSION OF THE HOLISTIC CRITICAL THINKING SCORING
RUBRIC (HCTSR)

Strong Acceptable Weak Absent
Identify im- Carefully inter- | Interprets evi- [ Partially interprets | Offers a biased inter-
portant infor- | prets evidence, | dence, state- evidence, ques- pretation of evi-
mation statements, ments, ques- tions, information, | dence, questions, in-
(Questions questions, and tions, and in- or the other pet- formation, or the
1-2) information. formation ac- | son’ point of view. | other person’s point
curately. of view.
2.5 points 1.75 points 1.25 points 0.5 points
Identify argu- | Identifies the Identifies only | Does not hastily Does not hastily
ments and most important | strong and ob- | identify or set aside | identify or set aside
counter-argu- | arguments for or | vious counter- | strong and perma- | strong and perma-
ments or al- against, thor- arguments and | nent counter-argu- | nent counter-argu-
ternative oughly analyzing | ignores or su- | ments. ments. Ignores or su-
points of view | the most signifi- | perficially eval- perficially evaluates
(Questions cant alternative | uates alterna- alternative view-
3-5) viewpoints. tive viewpoints. points.
2.5 points 1.75 points 1.25 points 0.5 points
Draw conclu- | Draws conclu- Draws conclu- | Draws unwar- Argues using falla-
sions and ex- | sions that are sions that are ranted or fallacious | cious reasons, does
plain reasons | justified, sensi- | justified and conclusions. Justi- | not justify results or
(Question 6) | ble, and not fal- [ not fallacious. | fies a few results or | procedures, and does
lacious. Justifies | Motivates few | procedures and not explain the rea-
key findings and | results or pro- | rarely explains rea- | sons.
procedures, ex- | cedures, rarely | sons.
plaining assump- | explains rea-
tions and rea- sons.
sons.
2.5 points 1.75 points 1.25 points 0.5 points
Understand Fairly follows It follows fairly [ Regardless of evi- [ Regardless of evi-
and modify where evidence | where evidence | dence and reasons, | dence and reasons,
one’s opinion | and reasons lead | and reasons maintains or de- maintains or defends
based on evi- | him. lead. fends viewpoints viewpoints based on
dence (Ques- based on personal | personal interests or
tion 7) interests or pre- preconceptions.
conceptions. Shows closed-mind-
edness and hostility
toward reason.
2.5 points 1.75 points 1.25 points 0.5 points
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APPENDIX D

A CLOSER LOOK AT THE STATISTICAL RESULTS

This appendix contains copies of earlier tables with a more detailed discussion of each.

(Copy of Table 3) Descriptive statistics - text comprehension test

Situation | Mean | Std. Dev | Min | Q1 | Median | Q3 | Max | Skewness | Kurtosis

Students’ comprehension of the text

S1 3.95 1.43 1.00 | 2.50 4.00 5.00 | 7.00 -0.04 -0.67
S2 4.23 1.35 1.00 | 3.25 4.50 5.50 | 7.00 -0.33 -0.43
S3 4.48 1.34 1.00 | 3.50 4.50 5.50 | 7.00 -0.34 -0.46

In this regard, the one-way repeated-measures ANOVA test was considered for the analyses. How-
ever, there were violations of the conditions for conducting the test, as can be verified from the anal-
yses. Therefore, Friedman’s equivalent nonparametric test (Hoffman, 2019) was applied and a moder-
ately significant difference in text comprehension was found (X2 (2), N=100) = 12.101, p<.01). A
subsequent post-hoc test (non-parametric Wilcoxon), revealed a significant difference between pre-
test and post-test scores (p<.001). This allowed us to read an improvement between the two mo-
ments and note the significance of the effect of AMs in facilitating the identification of the struc-
tural elements of the argumentative text and subsequent comprehension of the text.

Ultimately, by estimating and applying the effect size, it was possible to confirm a moderate effect be-
tween the pre- and post-test (* = 0.397). These deeper analyses, therefore, allowed a glimpse of how
AMs supported better and easier identification of the structural components of an argumentative
text.

(Copy of Table 4) Descriptive statistics - argumentative map construction

Situation | Mean | Std. Dev. | Min | Q1 | Median | Q3 | Max | Skewness | Kurtosis

Completeness of maps constructed by students

M1 4.46 1.10 2.50 | 3.50 4.00 5.50 | 7.00 0.46 -0.97
M2 4.58 0.95 3.00 | 4.00 4.50 5.50 | 6.50 0.21 -0.96
M3 4.68 1.22 2.00 | 4.00 4.50 6.00 | 7.00 0.09 -0.91

In this case, widespread low significance was found (X2 (2), N=100) = 3.4463, p>.01). The subse-
quent post-hoc test found no significant difference between testing moments (p>.05). Then applying

the effect size, a small effect size was found and confirmed in all three moments (respectively, n*> 1 =
0.190; n* 2 = 0.179; n* 3 = 0.008).
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(Copy of Table 5) Descriptive statistics - level of critical thinking

Mean | Std. Dev | Min | Q1 | Median | Q3 | Max | Skewness | Kurtosis

Level of Critical Thinking with HCTSR Rubric

CT1 | 6.66 1.44 4.00 | 5.50 6.50 7.75 | 10.00 0.28 -0.62
CT2 | 7.78 1.07 425|725 7.75 8.50 | 10.00 -0.33 0.45
CT3 | 8.00 1.03 550 | 7.25 8.00 8.50 | 10.00 0.02 -0.51

The positive results obtained from the descriptive analyses prompted an investigation of the magni-
tude of the effect obtained.

One-way ANOVA analysis here revealed a significant difference in the critical thinking data
(F(2)=36.85, p<.001). The subsequent post-hoc test then found this significant difference at two test-
ing times — between CT'1-CT2 (p <.001) and between CT1-CT3 (p<.001). This could indicate an in-
creasing improvement in understanding the opinion expressed in an argumentative text and in for-
mulating one’s own thinking about it. Here, with effect size, a large effect was found between these
two testing moments (r1 = 0.618; r2 = 0.709, respectively).

Preparatory phase: Spearman Correlation

The results showed no significant Spearman correlation between Forum_Post, the final detection of
argumentative skills in the forum, and Post_CriThink, the final level of critical thinking (tho = 0.12,
p = 0.27). For the rest of the variables, a positive significant correlation was observed with
Map3b_Lab, the final skill of constructing AMs (tho = 0.36, p<0.001), and a positive moderating
correlation with PostTest_Lab, the final moment of text comprehension (rho = 0.25, p<0.01).

The second aspect investigated was students’ subjective perception, or self-assessment. Spearman’s
rank correlation showed a negative correlation between Autoval_Post and PostTest_Lab (rho =
-0.07, p = 0.59) and Post_CriThink (rho = -0.04, p = 0.75). For the rest of the variables, a positive
but non-significant correlation emerges (Map3b_Lab, tho = 0.003, p = 0.98; Grade_Fin, rtho = 0.04,
p = 0.70).

Regarding final performance, Spearman correlation showed a significant positive correlation with
Map3b_Lab (rho = 0.37, p<<0.001) and a moderate positive correlation with the variables Post-
Test_Lab (rho = 0.26, p<0.05) and Post_CriThink (tho = 0.37, p<0.05). A heatmap graph was used
at this point, representing the correlation matrix more clearly and intuitively. This revealed the strong
positive correlation between PreTest_Lab and Pre_Crithink (tho = 0.78), and PostTest_Lab and
Post_Crithink (rho = 0.88). These results might suggest excessive linearity between the two predic-
tors, perhaps because of the strong connection and interconnectedness of the data collection and
analysis tools. Hence, future investigations must keep in mind that the two predictors may be inter-
changeable.

Regression phase: regression models

Exploratory analysis to test the model’s hypotheses did not reveal any violations. In the set of explan-
atory variables, the Map3b_Lab predictor contributed significantly to the model (3 = 1.032, t =
2.796, p<0.01). None of the other variables reached statistical significance. The overall model
showed a good fit to the data (F-statistic: 3.648 on 4 and 77 DE, p-value <0.01, AR2 = 0.12). How-
evet, it is important to keep in mind that the four predictor variables in the model can only account
for 12% of the variance in students’ final scores. From these assumptions, the pre-test moments were
removed from the model as irrelevant and incident predictors.
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The exploratory analysis for testing the hypotheses of the newly formulated model version did not
violate any conditions. In the set of explanatory variables, the t-statistic returned the significance of
the explanatory variable Map3b as a predictor variable of the model (8 = 1.010, t = 2.948, p<0.01).
However, the model would appear to explain only 14% of the variance in the results. There could,
therefore, be other variables or factors that influenced the response and were not considered in the
model.

The second regression model (open data on Zenodo, anonymized) was constructed, including Pre-
Test_Lab, PostTest_Lab, Map3b_Lab and Forum_Post as explanatory variables, and the
Post_Clrithink as a response variable. Condition testing analysis found a violation of the normal dis-
tribution of residuals and two influential observations that could significantly affect the regression
model. Bootstrap confidence intervals for these predictors were, therefore, identified. Comparing
these intervals with the confidence interval found using the plug-in approach, it was found that all
bootstrap confidence intervals are very close to the plug-in confidence intervals, suggesting that there
is no non-normal distribution problem in the model.

Overall, the regression model showed adequate prediction ability of the dependent variable (F-statis-
tic: 30.01 on 4 and 83 DF, p<0.001, AR? = 0.57). In the set of explanatory variables, the Post-
Test_Lab predictor appears to contribute significantly to the model (§ = 0.54, p<0.001). The other
variables do not appear to be significantly associated with the response variable. Among others, the
predictor Forum_Post was found to be negatively associated with Post_CriThink (3 = -0.09, p =
0.20).

The model was then adjusted, removing Forum_Post as a predictor and investigating the influence
of the explanatory variables PreTest_Lab, PostTest_Lab, Map1b_Lab and Map3b_Lab. Analysis for
condition testing of the new model version shows a violation of the condition of homoscedasticity
and normal distribution of residuals.

Having identified the bootstrap confidence intervals, it was found that the bootstrap results are more
or less all close except for the pre-test moments: PreTest_Lab (plug-in confidence interval -0.004 to
0.203 and bootstrap confidence interval -0.265 to 0.0001) and Map1b_Lab (plug-in confidence inter-
val -0.132 to 0.067 and bootstrap confidence interval -0.290 to -0.0006). This suggests a normal dis-
tribution problem in the model.

The regression equation was significant (F: 39.45 on 4 and 94 DFE, p<0.001, AR2 = 0.61) explaining
about 61% of the variance in Post_CriThink scores. The PostTest_Lab predictor contributed signifi-
cantly to the model (8 = 0.536, t(94) = 9.484, p<0.001). The other explanatory variables do not ap-
pear to have contributed significantly to the model.
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