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Abstract ENG

The main goal of this PhD thesis is to test, through two empirical studies, the reliability of a method
aimed at automatically assessing Critical Thinking (CT) manifestations in Higher Education students’
written texts. The empirical studies were based on a critical review aimed at proposing a new
classification for systematising different CT definitions and their related theoretical approaches. The
review also investigates the relationship between the different adopted CT definitions and CT
assessment methods. The review highlights the need to focus on open-ended measures for CT
assessment and to develop automatic tools based on Natural Language Processing (NLP) technique
to overcome current limitations of open-ended measures, such as reliability and costs. Based on a
rubric developed and implemented by the Center for Museum Studies — Roma Tre University (CDM)
research group for the evaluation and analysis of CT levels within open-ended answers (Poce, 2017),
a NLP prototype for the automatic measurement of CT indicators was designed. The first empirical
study was carried out on a group of 66 university teachers. The study showed satisfactory reliability
levels of the CT evaluation rubric, while the evaluation carried out by the prototype was not yet
sufficiently reliable. The results were used to understand how and under what conditions the model
works better. The second empirical investigation was aimed at understanding which NLP features are
more associated with six CT sub-dimensions as assessed by human raters in essays written in the
Italian language. The study used a corpus of 103 students’ pre-post essays who attended a Master's
Degree module in “Experimental Education and School Assessment” to assess students' CT levels.
Within the module, we proposed two activities to stimulate students' CT: Open Educational
Resources (OERs) assessment (mandatory and online) and OERs design (optional and blended). The
essays were assessed both by expert evaluators, considering six CT sub-dimensions, and by an
algorithm that automatically calculates different kinds of NLP features. The study shows a positive
internal reliability and a medium to high inter-coder agreement in expert evaluation. Students' CT
levels improved significantly in the post-test. Three NLP indicators significantly correlate with CT
total score: the Corpus Length, the Syntax Complexity, and an adapted measure of Term Frequency-
Inverse Document Frequency. The results collected during this PhD have both theoretical and
practical implications for CT research and assessment. From a theoretical perspective, this thesis
shows unexplored similarities among different CT traditions, perspectives, and study methods. These
similarities could be exploited to open up an interdisciplinary dialogue among experts and build up a
shared understanding of CT. Automatic assessment methods can enhance the use of open-ended
measures for CT assessment, especially in online teaching. Indeed, they can support teachers and

researchers to deal with the growing presence of linguistic data produced within educational



platforms. To this end, it is pivotal to develop automatic methods for the evaluation of large amounts
of data which would be impossible to analyse manually, providing teachers and evaluators with

support for monitoring and evaluating the skills demonstrated online by students.

Key words: Critical Thinking; assessment; open-ended measures; Natural Language Processing;

Higher Education

Abstract ITA

L'obiettivo principale di questa tesi di dottorato ¢ testare, attraverso due studi empirici, I'affidabilita
di un metodo volto a valutare automaticamente le manifestazioni del Pensiero Critico (CT) nei testi
scritti da studenti universitari. Gli studi empirici si sono basati su una review critica della letteratura
volta a proporre una nuova classificazione per sistematizzare le diverse definizioni di CT e i relativi
approcci teorici. La review esamina anche la relazione tra le diverse definizioni di CT e i relativi
metodi di valutazione. Dai risultati emerge la necessita di concentrarsi su misure aperte per la
valutazione del CT e di sviluppare strumenti automatici basati su tecniche di elaborazione del
linguaggio naturale (NLP) per superare i limiti attuali delle misure aperte, come 1’attendibilita e i
costi di scoring.

Sulla base di una rubrica sviluppata e implementata dal gruppo di ricerca del Centro di Didattica
Museale — Universita di Roma Tre (CDM) per la valutazione e I'analisi dei livelli di CT all'interno di
risposte aperte (Poce, 2017), ¢ stato progettato un prototipo per la misurazione automatica di alcuni
indicatori di CT. Il primo studio empirico condotto su un gruppo di 66 docenti universitari mostra
livelli di affidabilita soddisfacenti della rubrica di valutazione, mentre la valutazione effettuata dal
prototipo non era sufficientemente attendibile. I risultati di questa sperimentazione sono stati utilizzati
per capire come e in quali condizioni il modello funziona meglio. La seconda indagine empirica era
volta a capire quali indicatori del linguaggio naturale sono maggiormente associati a sei sotto-
dimensioni del CT, valutate da esperti in saggi scritti in lingua italiana. Lo studio ha utilizzato un
corpus di 103 saggi pre-post di studenti universitari di laurea magistrale che hanno frequentato il
corso di "Pedagogia sperimentale e valutazione scolastica". All'interno del corso, sono state proposte
due attivita per stimolare il CT degli studenti: la valutazione delle risorse educative aperte (OER)
(obbligatoria e online) e la progettazione delle OER (facoltativa e in modalita blended). I saggi sono
stati valutati sia da valutatori esperti, considerando sei sotto-dimensioni del CT, sia da un algoritmo
che misura automaticamente diversi tipi di indicatori del linguaggio naturale. Abbiamo riscontrato
un'affidabilita interna positiva e un accordo tra valutatori medio-alto. I livelli di CT degli studenti

sono migliorati in modo significativo nel post-test. Tre indicatori del linguaggio naturale sono



correlati in modo significativo con il punteggio totale di CT: la lunghezza del corpus, la complessita
della sintassi e la funzione di peso tf-idf (term frequency—inverse document frequency). I risultati
raccolti durante questo dottorato hanno implicazioni sia teoriche che pratiche per la ricerca e la
valutazione del CT. Da un punto di vista teorico, questa tesi mostra sovrapposizioni inesplorate tra
diverse tradizioni, prospettive e metodi di studio del CT. Questi punti di contatto potrebbero costituire
la base per un approccio interdisciplinare e la costruzione di una comprensione condivisa di CT.

I metodi di valutazione automatica possono supportare 1’uso di misure aperte per la valutazione del
CT, specialmente nell'insegnamento online. Possono infatti facilitare i docenti e i ricercatori
nell'affrontare la crescente presenza di dati linguistici prodotti all'interno di piattaforme educative (es.
Learning Management Systems). A tal fine, ¢ fondamentale sviluppare metodi automatici per la
valutazione di grandi quantita di dati che sarebbe impossibile analizzare manualmente, fornendo agli
insegnanti e ai valutatori un supporto per il monitoraggio e la valutazione delle competenze
dimostrate online dagli studenti.

Parole chiave: pensiero critico; valutazione; misure aperta; processamento del linguaggio naturale;

universita;
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INTRODUCTION

“Our most unquestioned convictions may be as mistaken as those of Galileo’s opponents”

Russell, 1997

In June 2019, I participated in the 39th annual international conference on Critical Thinking in
Leuven, carried out by the Foundation for Critical Thinking. I was at the second year of my PhD
thesis, stuck in finding the right path for my research on Critical Thinking assessment. At that
conference, I met people from all over the world and with a different background. I had the
opportunity to speak with many participants about the reasons why they were at that conference. One
of the most surprising answers I received was the following: “I decided to participate at the conference
when I realised that something was wrong in my way of thinking”.

I spent some days reflecting upon that simple answer and its relation with the challenges I was facing
in my thesis. Writing about Critical Thinking is an unusual experience: in the best case, you are
writing about something that you are using for structuring your writing. In this process, you become
aware of the defeats of your thoughts, both in personal and professional life. Acquiring this awareness
can be a relief. It disposes you to face a path toward knowledge construction, characterised by
unavoidable defeats in your thoughts. As explained by Julia Galef in a TEDTalks', negative emotions
may bound discovery: “We need to learn how to feel proud instead of ashamed when we notice we
might have been wrong about something. We need to learn how to feel intrigued instead of
defensive”. Changing my mindset has helped me to go on in my research path and to understand the

personal relevance of the topic I was dealing with.

Critical Thinking (CT) is an essential driver for progress and knowledge growth in any field and the
broad society. The World Economic Forum, in their most recent report “Future of Jobs™ (2018),
identifies CT as one of the top 5 most important, in-demand job skills for the current and future
economy. UNESCO (2017) includes CT as one of the eight key competencies for achieving the
Sustainable Development Goals. In a recent review, Cunningham and Villasefior (2016) found a
greater demand for socio-emotional skills and higher-order cognitive skills, included CT, than for
basic cognitive or technical skills by employers.

CT is not only relevant for educational and professional reasons, but also to become active and

responsible citizens. In the current scenario, the role of CT in orientating behaviours is more evident

! https://www.youtube.com/watch?v=w4RL{VxTGH4&feature=emb _title
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than ever. The Coronavirus disease (COVID-19) is the first pandemic in history in which technology
and social media are being used on a massive scale to keep people safe and informed. At the same
time, the technology is amplifying information overload, also defined as infodemic, that undermines
the global response and jeopardizes measures to control the pandemic. As reported by the World
Health Organization (2020), misinformation could cost lives. Reasoning skills, such as CT, play a
pivotal role: our ideas, thoughts, and beliefs affect our behaviours, and our actions could reduce or

increase risks related to personal and collective health.

Despite its acknowledged relevance, CT is still a disputed concept with several different definitions
and operationalisations that come from many approaches. As a consequence, it is difficult to study
and evaluate it through an empirical perspective. Some authors argue that the main limitation in the
CT empirical research is the lack of systematic design of instructional interventions (Tiruneh,
Verburgh, & Elen, 2014). From a recent review carried out at a European level, authors found that
most of the research and practices presented qualitative assessment methods, based mainly on
students’ and teachers’ perceptions, and a few adopted formal CT tests, rubrics, or research designs
with an experimental/quasi-experimental nature (Dumitru, Bigu, Elen, Ahern, McNally, &
O'Sullivan, 2018). The authors also found that teachers reported several difficulties concerning the
assessment of students’ CT progression. Those difficulties could have been exacerbated in the current
scenario, characterised by an unprecedented shift from traditional face to face teaching and learning
to online technology-enhanced learning. The transformation in the educational environment also

entails a change in assessment procedures and methods (Khan, & Jawaid, 2020).

Online educational environments offer many opportunities to both support and assess students' CT
(Garrison, Anderson, & Archer, 2001a, b; Kuhn & Crowell, 2011). However, teachers can fully take
advantage of the opportunities provided by the digital technologies for CT enhancement and
assessment only in specific conditions. Firstly, teachers need to work with a clear and valid CT
framework to design and assess learning activities. Secondly, systems able to detect students” CT
manifestations in online environments (e.g. discussion forums post) would facilitate teachers in
monitoring and assessing students learning. In this scenario, research of the last years is trying to
develop valid and reliable tools based on Natural Language Processing (NLP), for the automatic
assessment of CT in students’ written texts, such as constructed response answers, essays, forums

posts.

13



Starting from these assumptions, the main goal of this PhD thesis is to test the reliability of a method
aimed at automatically assessing CT manifestations in Higher Education students’ written texts. To
achieve this goal, I decided to devote a space for the reflection upon what CT is and how to define it.
This because “the conceptualization and assessment of CT are interdependent issues that must be

discussed together: how CT is defined determines how it is best measured” (Ku, 2009; p.71).

The present thesis is organised into four chapters. The first two chapters aim at reviewing the state of

the art of CT definitions and assessment.

In Chapter 1, I present a critical review aimed at proposing a new classification for systematising
different CT definitions and their related theoretical approaches. Moreover, the review investigates
the relationship between the different adopted CT definitions and CT assessment methods. I carried
out a qualitative content analysis of 39 CT definitions to develop a new definitions’ classification. I
developed a grid for the qualitative content analysis based on the most highlighted features in the
literature related to CT definitions. Eleven theory-driven categories have been identified which were
clustered in six macro-categories (1) Individual dimension (e.g. Facione, 1990); (2) Inter-individual
dimension (e.g. McPeck, 1981; Kuhn, 2019); (3) Normative dimension; (Bailin, 1987; Scriven &
Paul, 1987); (4) Focus on Process VS Outcome (Lipman, 1987; Garrison, Anderson, & Archer,
2001a; Liu, Frankel & Roohr, 2014) (5) Transferability (6) Assessment method (Ku, 2009).

The results highlight that the dichotomy between the normative-philosophical and explanatory-
psychological definitions could not be the most valid way to classify CT definitions. Differences
among CT definitions could be better understood considering the focus of the CT analysis (on the
outcome or the process) and the unit of the analysis (the individual thinking or the inter-subjective
actions and practices) rather than the experts’ field of study. The critical review presented in the first
chapter attempts to categorise all the CT definitions developed after the Delphi Report and to quantify
the relationship among the theory-based categories, often mentioned in research (e.g. skills,
dispositions, process, and outcome) through a quantitative-qualitative approach. This literature
review was not aimed to propose a new CT definition but at showing unexplored similarities among
different CT traditions, perspectives, and study methods. These similarities could be exploited to open

up a dialogue among experts and build up a shared understanding of CT.

In Chapter 2, I explore the strengths and weaknesses of the different methods developed to assess
CT, focusing on open-ended measures. | describe and present validity and reliability properties of

four standardised open-ended measures for CT assessment: EWCTET (Ennis & Weir, 1985), ICTET
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(Paul & Elder, 2006), CLA (Council for Aid to Education, 2000), and HCTAES (Halpern, 2013).
Moreover, qualitative approaches to assess CT as a process are presented, especially in online
discussion forums. The focus on open-ended measures was motivated by the acknowledged
importance of this kind of assessment on one side, and their relatively poor adoption, on the other
side. Indeed, closed measures present different disadvantages that limit their use, including the
difficulty of scoring and their costs.

In the last section of Chapter 2, I explain why and how automatic assessment could be a viable
solution to the current limitations of open-ended measures. I present the state of the art of CT
automatic assessment, and I conclude by describing current limitations and future research
perspectives that guided the empirical part of this thesis. The last two chapters present two empirical
studies aimed at testing the reliability of NLP methods to assess CT manifestations in open-ended

written texts.

In Chapter 3, I provide a definition of CT that considers the findings of the scientific literature of the
last few years (presented in Chapter 1). The definition is used as the theoretical foundation for
empirical work. Then, I describe in detail a rubric developed and implemented by the Center for
Museum Studies (CDM) research group for the evaluation and analysis of CT levels within open-
ended answers (Poce, 2017). This model was used to design an NLP prototype for the automatic
measurement of some CT indicators: use of language, argumentation, relevance, importance, critical
evaluation, and novelty. Together with my research group, I carried out some preliminary studies to
validate the tool on a group of 66 university teachers. The reliability levels of the CT evaluation rubric
were satisfactory, while the evaluation carried out by the prototype was not yet sufficiently reliable.
We used the results of this validation to understand how and under what conditions the model works

better.

In Chapter 4, I present an empirical investigation aimed at understanding which NLP features are
more associated with six CT sub-dimensions (Poce, 2017) as assessed by human raters in essays
written in the Italian language. Indeed, most of the studies presented in Chapter 2, are based on the
English language. NLP analysis applied to the Italian language is preliminary in nature, especially in
the context of educational research. Only in a few cases, NLP is applied to assess learning outcomes
or cognitive dimensions (Chiriatti et al., 2018). Therefore, the last experimentation aimed at
understanding which NLP features are associated with six CT sub-dimensions, as assessed by human
evaluators in essays written in Italian. The study used a corpus of 103 students’ pre-post essays who

attended a Master's Degree module in “Experimental Education and School Assessment” to assess
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students' CT levels. Within the module, we proposed two activities to stimulate students' CT: Open
Educational Resources (OERs) assessment (mandatory and online) and OERs design (optional and
blended). The essays were assessed both by human evaluators by considering six CT sub-dimensions
and by an algorithm that automatically calculates different kinds of NLP features. We found positive
internal reliability and a medium to high inter-coder agreement of the human evaluators. Students'
CT levels improved significantly in the post-test, and there was no difference between 100% online
and blended attendance. Three NLP indicators significantly correlate with CT total score: the Corpus
Length, the Syntax Complexity, and an adapted measure of Term Frequency-Inverse Document

Frequency. I discuss at the end of the chapter limitations and future developments.

The topics of this PhD research are relevant because of different reasons.

Firstly, CT is considered a desirable learning outcome for European HE students, and it should be
comparably recognised, according to the Bologna Strategy. Secondly, research is necessary to
understand which teaching strategy can foster CT skills in HE. Comparable methods of CT
assessment are fundamental to define the effectiveness of instructional strategies.

Multiple-choice measures cannot be proper for the higher-order skills assessment, such as CT;
according to some authors, Multiple-Choice items can be answered without reading the respective
text passage. These kinds of tests may be answered merely by low-level processing, such as factual
recognition and selection (Nicol, 2007). A further concern regarding Multiple-Choice items is that
they make test-takers select between pre-determined answers rather than allowing individualised
responses as in constructed response tasks. To address the limitations of Multiple-Choice tests,
researchers have developed alternative assessment methods, which involve the adoption of open-
ended tasks. According to different authors (Ku, 2009; Liu, Frankel & Roohr, 2014), a measurement
that elicits both open-ended and MC response formats should be pursued in CT assessment.
However, open-ended measures present some limitations that could be partially overcome through
the development of automatic systems for the assessment of CT in written students' texts. Automatic
assessment methods can also facilitate online teaching. Indeed, they can support teachers and
researchers to deal with the growing presence of linguistic data produced within educational
platforms. To this end, it is pivotal to develop automatic methods for the evaluation of large amounts
of data which would be impossible to analyse manually, providing teachers and evaluators with
support for monitoring and evaluating the skills demonstrated online by students. The development
of automatic tools for the evaluation of CT could reduce the costs of manual scoring and improve the
reliability of such measures. Moreover, this method can also be used to support the automatic

evaluation of open-ended answers in tests administered at school and university level on a large scale.
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CHAPTER 1 DEVELOPING A MULTI-DISCIPLINARY PERSPECTIVE ON CRITICAL
THINKING

1. Introduction

Nowadays, a debate regarding the role that higher education is supposed to cover in the broader
society is present at an international level. The debate refers to a dialectical conflict between two
different stances: should university prepare students to fulfil the job market needs? Or is the university
supposed to transmit the knowledge without considering the economic pressure and professional skill
training?

To which extent is it possible to reconcile these contrasting perspectives? An education system that
focuses on developing higher-order skills, especially Critical Thinking (CT), could be a way to
overcome this conflict. Enhancing students’ CT is not the only necessary skill to enter and fulfil the
job market needs (OECD, 2012; Wagenaar, 2018). Also, it provides students with tools to be
autonomous thinkers and active citizens (Davies & Barnett, 2015). CT encompasses different
educational perspectives and traditions. The development of CT is currently a declared goal in all
levels of education included higher education. However, CT operationalization and definition still
represents an open challenge, and therefore, it is difficult to study and evaluate it through an empirical

perspective.

The first chapter of this thesis faces the problem of CT definition and its theoretical conceptualization.

1.1 Recent history of an ancient concept

The reflection on CT probably started when someone realized that human beings often fail to think
critically properly. Socrates, the father of the Western conceptualization of CT, developed his
teaching method to force people to examine their own beliefs and the validity of such beliefs, as an
antidote to facing human tendency towards thinking mistakes (Leigh, 2007).

More recently, John Dewey (1910), the modern founder of the CT Movement in Education and a
precursor of what today we call CT, worked on the concept of reflective thinking. To illustrate his
definition of reflective thinking, in the first pages of his book How We Think, Dewey first describes

what reflective thinking is not by adopting different examples.
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Before Dewey, Francis Bacon and John Locke also reflected on the primary sources of our humans

b

misconceptions and inference mistakes (Dewey, 1910). Bacon described four “idols”

1.

Idols of the Tribe: standing erroneous methods that have their roots in human nature. An
example of that is the universal tendency to notice instances that corroborate a favourite
belief more readily than those that contradict it. Similarly, Locke expressed “that which is
inconsistent with our principles is so far from passing from probable with us that it will not
be allowed possible.” (Locke in Dewey, 1910, p. 24) Bacon and Locke identified and
described accurately what today cognitive scientists define as confirmation bias (Wason,
1960; Dunbar, Fugelsang & Stein, 2007);

Idols of the Market Place: fallacies and thinking mistakes that come from an ambiguous use
of the language;

Idols of the Cave or Den: mistakes that derive from individual characteristics. These
mistakes refer to what Facione (1990) and many other contemporary CT experts (West,
Toplak and Stanovich, 2008) define dispositions or personality traits hat could promote or
inhibit CT;

Idols of the Theatre: mistakes that have their sources in fashion or current general eurrent

period.

Similarly, Locke described conditions in which people are more likely to make wrong inferences:

1.

People who do not want to devote their efforts to thinking and prefer to believe what others,
such as parents, neighbours and any “opinion leaders” say;

People who are more oriented towards affective states than rational thoughts and do not
seriously consider people’s opinions that contradict personal interests or values; "Men's
prejudices and inclinations impose often upon themselves... Inclination suggests and slides
into discourse favorable terms, which introduce favorable ideas;” (Locke in Dewey, 1910, p.
23).

People who do not have a broad perspective of a specific knowledge domain, even though

they try to follow the reason.

Both Bacon and Locke considered social conditions more dangerous than all the individual sources

of misbeliefs because they can perpetuate wrong thinking habits. Thus, education should protect
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individuals against erroneous tendencies of their minds and undermine the self-perpetuating

prejudices of long ages.

Starting from these preliminary considerations, Dewey (1910, p.10) defined reflective thinking as an
“active, persistent and careful consideration of any belief or supposed form of knowledge in the light
of the grounds that support it, and the further conclusions to which it tends.” Consequently, through
reflective thinking, people make inferences and conclusions, create and challenge beliefs, starting
from an analysis of evidence. Mentioning Locke and Bacon’s ideas, Dewey explained that thinking
does not always take the right direction during this process. He said, indeed, that if, on one side,
thinking “frees us from servile subjection to instinct, appetite and routine” (Dewey, 1910, p. 19), on
the other, it can also bring to create wrong beliefs. Dewey mentioned three ways through which we
can become aware of our misconception:

1. Direct experience: a child discovers that fire can burn his finger by touching a candle. Dewey
emphasises that direct experience creates stronger imprinting in the child than a lesson on the
properties of heat. A few years later, Piaget (1954) worked on a similar idea of knowledge
construction, describing the complementary processes of assimilation and accommodation.
Through assimilation, children integrate external elements into evolving or completed
structures, whilst accommodation schemes or structures can change according to newly
encountered elements. According to Piaget, assimilation without accommodation creates a
distorting reality;

2. Social sanctions or recognition: parents, teachers, and friends say that people are right or
wrong;

3. Internal control: despite the usefulness of the first two kinds of controls, direct experience
and social conditions have their limits. For example, existing customs could inhibit the use of
data and evidence to reach a the right conclusion. Thomas Kuhn (1962) showed that the
tendency to confirm well-accepted theories could be detected in social groups with a high
education level. Scientists carry out their regular work within a settled paradigm or
explanatory framework, without necessarily questioning the underlying assumption of that
theory. Besides, our direct experience is limited to a specific time and space, and the-limitation
of our senses. Thus, according to Dewey, human beings developed more sophisticated
strategies to control the observation conditions and to formulate conclusions based on the

evidence.
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To sum up, Dewey reckons that education should consider both skills and dispositions enhancement.
On the one hand, education should cultivate effective behaviours to discriminate tested beliefs from
assertions, guesses, and beliefs (skills); on the other hand, education should develop an open-minded
preference for properly grounded conclusions (dispositions). No matter how much an individual
knows. Dewey (1910) said that if people did not have attitudes and habits, they would fail to apply

reflective thinking.

1.2 From Dewey’s Reflective Thinking to Critical Thinking in Education

Davies and Barnett (2015) described three historical movements related to CT, following a similar

classification to the one that Richard Paul (2011) proposed.

In the 1970s, mainly philosophers tried to introduce formal and informal logic in the schools and
universities curricula. The first wave concerned the identification and evaluation of arguments to
avoid fallacies in reasoning processes. In that perspective, the emphasis was on argumentation, logic,
and reasoning.

That tradition was based on Walters’s (1994) asserted idea that CT is “logistic”; thus, a critical thinker
becomes someone like Mr Spock in the original Star Trek series: an objective and rational being.
Many authors criticized it. Thomson (1998) explained that the traditional CT notion either ignores or
rejects the role that emotions should play in CT. One of the most interesting criticisms of the
traditional CT view comes from feminist literature. Clinchy and Zimmerman (1985) interviewed
female students and asked them to react to a set of statements. Researchers found out that the most
common thinking strategy female students adopted, was so-called connected knowing. People who
adopt this thinking strategy attempt to get into heads of people they want to understand, trying to see
an issue through the other’s eyes. Contrasted with the traditional CT idea, connected knowing
embraces empathy as a source for critical thought giving the prototypical example of the devil’s
advocate role. The growing concern towards a reductionist view of CT as a cognitive and rational
machine brought to an emerging research wave and educational practices. In the 1980s, CT started to
be more connected with human beings’ inner nature, emphasizing that CT could be inter-related with
attitudes, emotions, intuitions, and creativity. Moreover, in the second wave, CT was interpreted as

an ideological issue, for example, in German critical theory, phenomenology, and psychoanalysis.

While in the first wave the word critical assumes the meaning of criticism: identifying weaknesses,

correcting a claim or an argument, in the second wave the word assumes the concept of critique:
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identifying dimensions of meaning that might be missing or concealed behind a claim or an argument.
As Davies and Barnett (2015) asserted, both the waves presented weaknesses: the first wave was
rigorous, but it neglected many human dimension aspects; on the other hand, the second approach
was more abstract and difficult to study from a rigorous perspective. According to Paul (2011), the
third wave has been recently emerging by trying to encompass the previous two waves limits and to
put emphasis on their strengths: on the one hand, the structure of argumentation and, on the other

hand, considering human traits, such as emotion, imagination, and creativity to build a CT theory.

1.3 The Frame of this work

When people talk about CT, they usually refer to many different things, concepts, and traditions.
Davies (2015) proposed a complex model to summarise different traditions that refer to CT (Figure
1). The Frame of this work can be understood at the boundary between the CT Movement and the
Criticality Movement. The Criticality Movement started to shift the attention from an individual and
cognitive perspective on CT to a socio-cultural perspective on CT. The Criticality Movement
considers, skills, disposition, critical doing, and critical actions. A specific kind of critical action that
will be discussed in this work is the collaborative knowledge construction as McPeck (1985) first
defined CT as a process where interaction occurs between individuals and the interpretations of

knowledge which they create.

Critical Critical rationality Critical character
THINKING (argumentation/skills) (personality/abilities/dispositions)
/
The critical thinking P Critical DOING
movement ritical actions

Critical virtue . .
(moralityhvirtue) Critical consciousness
The crticality movement Y (awareness of oppression)
Critical PARTICIPATION
| —

ritical pedagog
/ Critical pedagogy

(resistance to oppression)

Individual axis of criticality (“inner" focus)

| =

Sociocultural axis of criticality (“Outer” focus)

Figure 1 A model for Critical Thinking in Higher education. Retrieved from Davies (2015)

On the other hand, this work will not take into account in-depth the Critical Pedagogy Movement
perspectives (Freire, 1972; 1973). Other authors have already analysed them (Giosi, 2009; Cambi,
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2009). Furthermore, the Critical Pedagogy Movement does not consider issues related to CT

assessment, which is one of the main focuses of this thesis dissertation.

2. The problem of the definition: a critical literature review

CT definition and its related theoretical foundations are affected by at least three interconnected

1ssues:

1. Definitions are abstract and normative rather than being based on any actual reality (Kuhn,
2019; Norris, 1992; Moore, 2013; Atkinson, 1997);

2. Most of the definitions are shaped in a western perspective (Atkinson, 1997; Chen, 2017);

3. They did not consider the network problem (Johnson, 1992; 2000) which means: “the fuzzy
relations among certain more or less interchangeable terms, including metacognition, higher-
order thinking skills, problem-solving, rationality, and reasoning, that are used when talking

about CT.” (Johnson, 2000, p. 21 —22)

According to Atkinson (1997) and Chen (2017), CT definitions are shaped in a Western perspective.
The former defines CT as a social practice (1997): even though people cannot define CT clearly, they
can still talk about it, understand one another, and even "recognise it... when it occurs", suggesting
that CT exists mainly at the level of tacit, common-sense, and social practice. Atkinson, in his work
(1997), tried to unpack the CT concept by showing how the implicit assumptions of this concept are
strongly related-with to a Western cultural position. Atkinson showed that the relation between
language and learning, the role of an individual, and the self-reflection concept could be seen in
different ways according to a specific cultural context. Chen (2017) recognised in Confucius
philosophy, the Eastern CT conceptualization. According to Confucius, the exemplary thinking
focuses more on self-reflectiveness than simple inquisitiveness. Moreover, quietly pondering
problems is more valuable than asking a teacher many questions, according to the Confucian
philosophy. Thus, Chen affirms that in Eastern Culture, CT can be more easily conceptualised as self-

reflexivity; whilst in Western culture, CT is more focused on judgement and decision-making.
Authors also highlighted a conflation risk of related concepts (Byrnes and Dunbar, 2014). Some

authors use CT and intelligent thinking as synonyms (e.g. Halpern, 2008) although some research

showed a low to a non-significant correlation between CT level and intellectual ability (Stanovich,
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West & Toplak, 2013). Problem-solving, logical thinking, and scientific thinking are also commonly

overlapped with CT. Another common conflation regards the Critical and Creative Thinking concept.

In addition to the above-mentioned problems, many perspectives proposed by different authors can
negatively affect the comparability of empirical research results. According to Barnett (1997) Higher
education, which prides itself on critical thought, has done no adequate thinking about CT. Hatcher
(2013) has recently disavowed the need for an irreproachable correct definition. Johnson and Hamby
(2015) claim that the problem is not the absence of good definitions, but the overabundance of
problematic definitions. Although many CT definitions were proposed, a few authors tried to explain

what was wrong with the previous definitions before they proposed a brand-new one.

In recent years, different researchers attempted to review CT definitions and their related theoretical
foundation. Markle, Brenneman, Jackson, Burrus, and Robbins (2013) synthesised frameworks of
higher education student learning outcomes, included CT. The review from Markle and colleagues
was one of the most systematic in the field. However, they did not include many theoretical CT
definitions. Johnson and Hamby (2015), and Davies (2015), in their respective reviews, included CT
definitions as mainly philosophical, excluding other important definitions that came from different
approaches. Besides, these reviews tended to be narrative and lack of a systematic approach for
classifying the CT definitions and theoretical approaches. Lai (2011), as well as Stendberg (1986),
classified the definition in three macro-categories: philosophical, psychological, and educational.
Although the classification proposed by Lai (2011) and Stendberg (1986) could be a useful way to
look at the differences between the CT approaches, they did not consider the complexity to study CT
in a multidisciplinary perspective. Cross-fertilization examples in CT disciplines can be detected in
many recent works (Mercier & Sperber, 2011; Reznitskaya, 2012; Kuhn, 2019). Classification based
on a disciplinary field would make it difficult to identify commonalities and bridges between different
disciplines.

Furthermore, no CT definitions’ reviews were aimed to comprehend all CT definitions and their
related theoretical foundations. Moreover, none of these reviews directly connected the issue of CT
definitions with the CT operationalization and assessment. A new way to classify CT definitions to
find cross-disciplinary commonalities could be a useful step towards the resolution of the CT
definition issue. Thus, the main aim of this critical review was to answer the following research
questions:

RQ 1) Can we propose a new classification for systematising different CT definitions and their related

theoretical approaches?
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RQ2) Which is the relation between the different adopted CT definitions and CT assessment method?

2.1 Methods

2.1.1 Data collection

The first step was trying to select all the CT definitions, mentioned in published research papers after
1990. 1990 is an important year for research on CT. Indeed, in that year, The American Philosophical
Association published the Delphi Report led by Peter Facione?.

This review aims to include as many definitions as possible; therefore, we used a mixed-method
which combines a systematic and non-systematic approach. To avoid the studies exclusion relevant
to the objective, we carried out a citation analysis included in the published revision studies and a
manual search. The main inclusion criteria were the following: definitions had to be connected to a
CT theory presented and illustrated in a publication. Thus, we did not consider in the analysis
definitions provided in learning outcomes frameworks, for example, Bologna, CAS, Lumina DQP,
QAA-FHEQ or USDOL-ETA. We excluded definitions provided in learning outcomes frameworks
for two reasons. Firstly, Markle et al. (2013) have already carried out a systematic review concerning
CT; secondly, because learning outcomes frameworks usually do not explicitly provide a broader
theoretical view on CT. When the same author has provided strongly different CT definitions in a
time frame considered, both the definitions were included. Through the method described, we
identified 39 relevant definitions (the list of all the definitions are presented below in the Table 8 and

the Table 9).
2.1.2 Data analysis
We carried out a qualitative content analysis (Mayring, 2004) to develop a new definitions’

classification, through the support of the Software ATLAS.ti3. Firstly, we read carefully all the

definitions and their related scientific publications.

% The Delphi report was based on a Delphi method. The Delphi method is an iterative process to collect and distil the anonymous judgments of
experts using a series of data collection and analysis techniques interspersed with feedback (Skulmoski, Hartman, & Krahn, 2007). By involving
experts in the CT field, the Delphi report expected outcome was to achieve a CT definition agreement.

* ATLAS ti is a workbench for the qualitative analysis of textual, graphical, audio, and video data. It offers a variety of tools for accomplishing the
tasks associated with any systematic approach to unstructured data, i. e., data that cannot be meaningfully analyzed by formal, statistical approaches.
It offers tools to manage, extract, compare, explore, and reassemble meaningful pieces from large amounts of data in creative, flexible, yet systematic
ways.
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A grid for the qualitative content analysis (Table 1) was developed based on the most highlighted
features in the literature related to CT definitions. Eleven theory-driven categories have been
identified: (1) skills and abilities; (2) dispositions; (3) actions; (4) practice; (5) values and standards;
(6) process; (7) outcome; (8) generalizable; (9) domain-specific; (10) closed-measures; (11) open-
measures. These 11 categories were clustered in six macro-categories (Table 1):

1. Individual dimension: CT is mainly conceptualized in terms of an individual working alone
on a problem-based task (e.g. Facione, 1990);

2. Inter-individual dimension: CT is defined in terms of social and dialogical information
exchange (e.g. McPeck, 1981; Kuhn, 2019);

3. Normative dimension: CT is defined in terms of an ideal standard to achieve (Bailin, 1987;
Scriven & Paul, 1987);

4. Focus: CT definitions tend to be focused more on its process or its outcome (Lipman, 1987;
Garrison, Anderson, & Archer, 2001a; Liu, Frankel & Roohr, 2014);

5. Transferability: some authors emphasised the idea that CT is generalizable to different
knowledge domains. Others consider CT as a domain-specific skill. Furthermore, some
scholars have intermediate positions (Rear, 2019);

6. Assessment method: CT has been commonly assessed through closed-measures (e.g. Multiple-
choice), open-ended measure (e.g. essays, short-answers), or mixed methods that combine
closed and open-ended measure (Ku, 2009).

Each of 39 definitions was coded through one or more categories following a non-mutually exclusive
classification approach (Downe-Wamboldt, 1992). This approach allowed to calculate the categories
occurrence and the sub-categories co-occurrence.

Occurrence (O) is the frequency of a specific category in 39 definitions. Co-occurrence (C) indicates
the number of times when two categories occur together in the same definitions. Atlas.ti calculates
the C-coefficient in co-occurrence analysis. The c-coefficient indicates the strength of the relation
between two categories similar to a correlation coefficient (Armborst, 2017). The calculation of the
c-coefficient is based on approaches borrowed from the quantitative content analysis. The range of
the c-coefficient is between 0 = codes do not co-occur, and 1 = these two codes co-occur wherever

they are used. 1t is calculated as follows:

c=nl2/(nl +n2—-nli2)
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After calculating occurrence and co-occurrence, we have carried out a qualitative interpretation of
the co-occurrence results to identify connections and similarities among the definitions, based on

the categories previously described.

Table 1 Grid for the qualitative content analysis of the CT definitions

Macro-Category Category Explanation
Individual Dimension Skills / ability CT as a set, list, taxonomy of internal cognitive competencies and
mental operations;
Dispositions CT as a set of personal traits and characteristics;
Actions CT as behaviours that result from internal mental operations;
Inter-individual Practice CT is defined considering the relation among people and their cultural
Dimension context;
Normative Dimension ~ Values and A number of general principles and defined threshold.
standards
Process Research focus on what happens during a CT intra and inter-individual
activity
Outcome Research focus on the outcome of a CT intra and inter-individual

activity

Transferability Generalizable CT learning outcomes are not specific of a domain knowledge

Domain specific CT learning outcomes are not specific of a domain knowledge

2.2 Results

2.2.1 Occurrence

Among 39 definitions, 11 of them have been identified before the Delphi Report (Table 2) and 27
definitions after the Delphi Report (Table 3).

It is interesting to see that 3 definitions out of 39 were based on the Delphi Methodology. The first
one was formulated by Facione (1990). After that, two Delphi studies were carried out to build a CT
definition in the nursing field: (1) Scheffer & Rubenfeld (2000); (2) Paul (2014). These preliminary
results could suggest that the Delphi method is not the most effective methodology to achieve an
agreement on CT definitions.

The most common categories in 39 definitions are Skills and ability (O = 34), Generalizable (O =

25), and Outcome (O = 22). The focus on the Process (O = 16) is slightly lower than the focus on
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the Outcome. It is possible to detect a greater internal difference in the “Individual” and in the
“Transferability” macro-categories. Indeed, Dispositions (O = 19) and Actions (7) occur less than
Skills and Dispositions. In the same way, a Domain-Specific view on Critical Thinking is less frequent
than a Generalizable view. Practice (O = 3), and Values and Standards (O = 8) are among the least
frequent categories. Definitions are explicitly connected to assessment methods in less than 50 % of
the cases, where closed-measures (O = 9) and open-ended measures (O = 8) occur with a similar

frequency in the definitions.

Table 2 Sub-category Occurrence results

Sub-category Occurrence
Skills and ability

Dispositions

Action

Practice

Values and standards

Process

Outcome

Generalizable

Domain specific

2.2.2 Co-occurrence Analysis and Co-Occurrence Networks

Table 3 contains the analysis of the co-occurrence among the categories included in the individual
dimension, inter-individual dimension, normative dimension, and focus and transferability (the co-
occurrence with the categories of the assessment methods are presented in the next paragraph). The
strongest co-occurrence (0,40 < C < 0,71) can be detected between the following categories: Skills
/ Abilities and General (C = 0,71); Skills / Abilities and Outcome (C = 0,62); General and Outcome
(C =0,47); Skills / Abilities and Dispositions (C = 0,44); Dispositions and Outcome (C = 0,41).
Moderate co-occurrence (0,21 < C < 0,39) can be detected between the following categories: General
and Dispositions (C = 0,38); General and Process (C = 0,37); Skills / Abilities and Process (C =0,36);
Knowledge Specific and Outcome (C = 0,32); Process and Dispositions (C = 0,30); Outcome and
Process (C = 0,27); Skills / Abilities and Knowledge Specific (C = 0,26); Practice and Actions (C =
0,25); Actions and Disposition (C = 0,24); Process and Knowledge Specific (C = 0,23); Process and
Action (C = 0,21); Skills / Abilities and Values / Standards (C = 0,21).
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Table 3 Co-occurrence analysis results

Actions Dispositions General Knowledge Practice Process Skills /
specific Abilities

Actions 0,00 0,24 0,10 0,13 0,25 0,21 0,11
Dispositions 0,24 0,00 0,38 0,20 0,05 0,30 0,44
General 0,10 0,38 0,00 0,16 0,00 0,37 0,71
Knowledge 0,13 0,20 0,16 0,00 0,00 0,23 0,26
specific
Outcome 0,16 0,41 0,47 0,32 0,00 0,27 0,62
Practice 0,25 0,05 0,00 0,00 0,00 0,12 0,00
Process 0,21 0,30 0,37 0,23 0,12 0,00 0,36
Skills /0,11 0,44 0,71 0,26 0,00 0,36 0,00
Abilities
Values /0,15 0,13 0,22 0,06 0,00 0,14 0,21
Standards

In this research, we interpreted the co-occurrences to find connections and similarities among the
definitions. Thus, we propose two co-occurrence networks. This classification is partially based on
Lai (2011) and Stendberg (1989) classification, but it overcomes the idea that definitions could be
classified according to the authors’ field (philosophy vs psychology vs education).

The first co-occurrence network could be called “Normative - Descriptive network™ (Figure 2); it
contains most of the strongest identified co-occurrence. According to Stendberg (1986) and Lai
(2011), The CT philosophical approach relates to normative — descriptive theories. However, several
philosophers were interested in studying CT in terms of processes (Lipman, 1981; Van Gelder, 2005;
Walton, 1989); as well as psychologists and educators, they developed the normative-descriptive CT
definitions (e.g. Halpern, 1998).

The Normative-descriptive approach focuses on what people are capable of doing under the best of
circumstances (Lai, 2011). Examples are “perfections of thought”, as Paul (1992) described. This
appoach also emphasises qualities or standards of thoughts. Critical Thinking Skills and Dispositions
are seen concerning Outcome and Skills, which are seen as transferable to different domains. Halpern

(1998) definition is a good example of the relation among these four categories:
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Critical thinking is the use of those cognitive skills or strategies that increase the probability
of a desirable outcome. Critical thinking is purposeful, reasoned, and goal-directed. It is the
kind of thinking involved in solving problems, formulating inferences, calculating likelihoods,
and making decisions. Critical thinkers use these skills appropriately, without prompting, and
usually with conscious intent, in a variety of settings. That is, they are ~ predisposed to
think critically. When we think critically, we are evaluating the outcomes of our thought

processes — how good a decision is or how well a problem is solved (p. 450-451).

ISy C = 0,41

Figure 2 The Co-occurrence Network 1: Normative — Descriptive Network

Some definitions also relate Skills to Value and Standard to achieve (C = 0,21). For example,
according to Scriven & Paul (1987) CT is based on universal intellectual standard that transcend
subject matter divisions.

Although also Lipman proposed the idea of standards, his vision is more contextual-based,
contrasting the universality of standards idea shown in Scriven & Paul. Indeed, Lipman said that “CT
is sensitive to the context” and following this view, he proposed different categories of standards:

informal criteria, formal or institutionalised criteria, abstract meta-criteria, and ethical mega-criteria.

To sum up, in Network 1, CT is a synonym of good thinking (Bailin, 1987). Furthermore, in Network
1, CT focuses more on an individual working alone problem-based task; The Delphi Report from

1990 proposed one exemplary definition: “CT is purposeful, self-regulatory judgement that results in
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interpretation, analysis, evaluation and inference, as well as explanations of the consideration on
which the judgement is based” (Facione, 1990, p. 3).

This definition emphasises the CT concept of CT as an outcome — the judgement — and its related
features or standards — it is purposeful and self-regulatory. The outcome can be achieved following

different cognitive activities, usually defined as CT skills.

The second network could be called “Descriptive — Explanatory network™ (Figure 3). The definitions
in the second network tend to focus more on how people think rather than how they could or should
think under ideal conditions (Sternberg, 1986). Consequently, CT definitions are commonly process-
related and personal dispositions to be engaged in a CT process are emphasised, as in the most recent
definition: “Critical Thinking is a dialogic practice people commit to and thereby become disposed

to exercise, more than an individual ability or skill” (Kuhn, 2019, p. 148).

Disposition

Figure 3 The Co-occurrence Network 2: Descriptive - Explanatory Network

As Kuhn showed, instead of conceptualizing CT as an individual and internal work on a problem-
based task, in the second network Actions and social Practices (C = 0,25) can occur together. The
category Actions is on the borderline between the individual and the inter-individual dimension.
McPeck (1981) proposed an exemplary definition to describe the relation between Process and social
Actions: “CT 1is a process where interaction occurs between individuals and the interpretation of
knowledge which they create.” In this case, McPeck includes not only internal mental activities
(interpretation) but also a specific CT action: the social construction of knowledge (Scardamalia &

Bereiter, 20006).
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2.2.3 Co-occurrence with assessment methods

Table 4 describes the co-occurrence between the assessment method categories and the other
categories.

Closed measures are more associated with the definitions that emphasised outcome (C = 0,35) and
skills (C = 0,27). On the other hand, open-measures are more commonly associated with the
definitions that emphasised action (C = 0,25) and process (C = 0.26). Both measurement methods are

associated with a CT as generalizable.

Table 4 Co-occurrence with assessment method.

Closed-Measures Open-measures
Action 0,07 0,25%*
Disposition 0,17 0,17
General 0,21%* 0,22*
Outcome 0,35% 0,20
Practice 0,00 0,10
Process 0,00 0,26*
Skills / abilities 0,27* 0,21%*

* indicates C > 0,20

In Table 5, the assessment methods adopted to assess CT as an outcome and generalizable skill (Co-
occurrence Network 1) are presented (for more detailed analysis of the test see Liu, Frankel and

Roohr, 2014 and Ku, 2009).

Table 5 assessment methods adopted to assess CT as an outcome and generalizable skill (Co-occurrence Network 1)

Definition Test ITEM TYPE

Watson & Glaser (1980) Critical Thinking Appraisal (Watson & Glaser, 1980) MC

Norris & King (1983) Test on appraising observation (Norris & King, 1983; Norris, MC
1990)

Stendberg (1986) Sternberg Triarchic Abilities Test (Sternberg and colleagues, MC
2001)

Ennis (1987) Cornell Critical Thinking Test (Ennis, 1993) MC

Facione (1990) CCTST (Facione & Facione, 1994); MC

Pascarella & Terenzini CAAP Critical Thinking (American College Testing Program, MC

(1991) 1989)

Halpern (1998) The Halpern Critical Thinking Test (2013) Mixed

methods
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Most of these tests are directly connected to the CT theoretical definition provided by the author. An
exception is for Pascarella and Terenzini (1991). Indeed, they used the CAAP in most of their research
although their definition of CT does not directly connect to the test. Most of the tests are multiple-
choice (MC) with a correct answer. Halpern (2006) developed the first assessment method that tries
to balance MC questions with open-ended questions.

Table 6 presents the assessment methods adopted to assess CT as a process and action (Co-occurrence

Network 2).

Table 6 assessment methods adopted to assess CT as a process and action (Co-occurrence Network 2)

Definition Test / Tasks Kind of analysis
Ennis (1987) Ennis Weir Critical Thinking Essay Test (Ennis & Weir,  Essay

1985)
Riesenmy, Mitchell, Productive Thinking Program (Covington, Crutchfield, Selection and Production
Hudgins, & Ebel (1991) Davies, & Olton, 1972) tasks (Thinking Aloud);
Garrison (1992) Online discussion and dialogic interactions (Garrison, Content analysis

Anderson & Archer, 2001a, 2001b)

Kuhn (1992, 2019) Online discussion and dialogic interactions (Kuhn, Content analysis
Zillmer, Crowell, & Zavala, 2013)

West, Toplak, & Syllogistic Reasoning Problems with Belief Bias. MC

Stanovich (2008) Heuristics and Biases Tasks (West, Toplak & Stanovic,
2008)

Garrison, Anderson, and Archer (2001a, 2001b); and Kuhn, Zillmer, Crowell, and Zavala (2013)
similarly assessed the process of CT in dialogic interactions both online and offline through the
content analysis methods. However, they considered different indicators in their respective rubrics.
Garrison method is still one of the most used to assess CT in online dialogical interactions, and it
inspires many other authors (included Newman, Webb & Cochrane, 1995; Poce, 2017). On the other
hand, Kuhn et. al (2013) focus on the dialogical argumentation assessment, providing a hierarchy of
argumentation strategies, from the most to the least sophisticated. Examples of strategies are the use
of evidence, meta-talk types, and meta-argumentation types).

Riesenmy, Mitchell, Hudgins, and Ebel (1991) assessed CT in children through a thinking-aloud
method, considering the following criteria: task-definition, monitoring, strategy and the use of
evidence. Also, Ennis (1985) developed a method to assess CT in a constructed-answer task, more
specifically through an essay. The essay should be assessed according to the following criteria:

getting the point, seeing reasons and assumptions, stating’ one’s point, giving good reasons, seeing
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other possibilities, responding to equivocation; and avoiding equivocation, irrelevance, circularity, a
reversal of an if-then relationship, overgeneralisation, credibility, problems, and the use of emotive
language to persuade. West, Toplak, and Stanovich (2008) proposed to incorporate the current
method adopted to assess rational thinking in the CT assessment, specifically by using several

syllogistic reasoning problems.

2.3 Conclusive remarks

This work attempts to provide a new way to classify CT definitions, dealing with the complexity and
the multidisciplinary nature of the theoretical construct. Although other authors introduced the idea
of normative and explanatory definitions (Sternberg, 1989; Lai, 2011), this research has adopted a
more systematic approach for the study of the relationship among different theory-based categories
that underpin both the normative and explanatory CT definitions. Furthermore, this research shows
that the dichotomy between the normative-philosophical and explanatory-psychological definitions
could not be the most valid way to classify CT definitions. Differences among CT definitions are not
simply related to the experts’ field of study. Differences could be better understood considering the
focus of the CT analysis (on the outcome or the process) and the unit of the analysis (the individual
thinking or the inter-subjective actions and practices). The actions category does not co-occur with
most of the sub-categories presented in Network 1. As highlighted by Davies and Barnett (2015),
according to many authors, meeting the CT requirements is possible without doing anything. Barnett

suggests that by focusing on CT actions, pedagogical guidelines could be improved:

Education can, therefore, potentially do much more than teach students how to demonstrate
analytic skills and judgments. It can also prompt students to understand themselves, to have a
critical orientation to the world, and to demonstrate an active socio-political stance toward

established norms or practices with which they are confronted. (Davies & Barnett, 2015, p.

16)

This work also attempts to highlight unexplored commonalities among CT definitions to reduce the
current theoretical fragmentation among the numerous definitions and their related theories.

After the in-depth analysis of different CT perspectives, an interesting and poorly explored concept
has emerged: the relationship between CT, Epistemic Rationality and Epistemological
belief/understanding. Epistemological knowing (Kuhn, 1999) has both a general-philosophical aspect

(e.g. “How does anyone know?) and a personal aspect (e.g. “What do I know about my own
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knowing?). If we consider CT as “a process where an interaction occurs between individuals and the
interpretations of knowledge, which they create” (McPeck, 1981), epistemological belief and
understanding could inhibit or support the disposition to adopt CT in the collaborative building-
learning environment knowledge (Scardamalia & Bereiter, 2006). Little has been done to explore this
relationship both theoretically and practically, despite the attention given by authors from different
backgrounds throughout the time frame considered (McPeck, 1981; Kurfiss, 1988; West, Toplak &
Stanovich, 2008; Kuhn, 2019).

To sum up, these two networks should not be interpreted as mutually exclusive. On the contrary, they
can be seen as different points of view for the study of the same object.

This review presents some limitations. Firstly, I coded the definitions on my own, so showing the
results’ reliability is impossible. However, in order to partially overcome this limitation, Table 7
shows the transparent way in which each definition was coded. A second limitation concerns the
process through which the definitions were identified. With the aim to include as many definitions as
possible, a mixed-method has been used which combine a systematic and non-systematic approach.
Thus, the process of CT definitions identification is not replicable. Moreover, possibly some CT
definitions were not included in the analysis. Despite the illustrated limitations, this work is one of
the first that attempts to categorise all the CT definitions developed after the Delphi Report and to
quantify the relationship among the theory-based categories, often mentioned in research (e.g. skills,
dispositions, process, and outcome). This literature review was not aimed to propose a new CT
definition. The main aim was to show unexplored similarities among different CT t