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CHAPTER |. THEORETICAL BACKGROUND
1.1. Extracurricular Activities and Academic Achievement as the Main
Indicators of Academic Excellence

One criterion of academic excellence is high learning performance, but the
expertise in certain scientific, sports or art areas also contributes to the development
of those 21 century skills, higher-order cognitive abilities, which assure the eminent
performance of students. During primary and secondary school years these activities
could be competitions, Olympiads, during academic years eminent students could
participate in conferences organised by universities. The experience and new skills
acquired through extracurricular activities are transferred by students into the learning
process, so these activities can also contribute to the increase of their learning
achievement. Several studies highlighted the positive association between the
attendance in extracurricular activities and learning performance (Feraco et al., 2022;
Fujiyama et al., 2021; Kravchenko & Nygard, 2022; Lang, 2021).

The positive effect of extracurricular activities on learning achievement can be
explained by three theoretical approaches: the social control theory, the social learning
theory and the social capital theory. Social control is present in extracurricular
activities, namely the participation in regular activities assumes compliance with the
pre-defined rules of the institution, for which students could receive institutional
reinforcement, reward. Based on the social learning theory, students could learn from
their better achieving peers, from their teachers or from other experts, which also has
a positive effect on their learning results. The social capital theory emphasises the role
of extracurricular activities in forming relationships not only with student peers, but
also with parents and educational staff members, which contributes to a more effective
information flow and support from the people with various positions in the institutional
hierarchy. As opposed to extracurricular activities, close relationships and friendships
have a symmetrical effect on learning performance because these friendships could
have positive but also negative effects on achievement. Nevertheless, relationships
formed during extracurricular activities have an asymmetrical effect, since
extracurricular activities amplify the relationships that have positive effects on the
learning achievement and weaken damaging friendships, in the case of low
achievement students (Fujiyama et al., 2021).

1.2. Critical Thinking as an Explaining Cognitive Ability of Academic

Excellence
1.2.1. Theoretical Models of Critical Thinking

In the literature, there is no coherent definition of critical thinking (Paul, 2004).
Critical thinking involves rational, targeted, planned thinking. Definitions generally
include scientific deductions, evaluation of statements, recognition of persuasion,
generation of options and alternatives. Yanchar et al (2008) identified analytical
deduction and discovery as key components of critical thinking. Critical thinking
requires deep and meaningful understanding of information, overcoming fallacies and
errors (Halpern & Sternberg, 2020).

In the late 1980s, the APA Delphi study aimed to provide a unified definition of
critical thinking with the use of the concept analysis method. The Delphi research
method aimed to review the basic issues and definitions of critical thinking. More than
half of the experts who participated in the study were philosophers, but also teachers,
social scientists and physicists shared their professional experience and arguments
about critical thinking. The process was led by a director, with participants providing
detailed written answers supported by arguments to six sets of questions, which the



director shared with everyone. The experts were allowed to see each other’s opinion
anonymously, so they did not influence each other's decisions. More than 95% of the
experts agreed that critical thinking skills include analysis, evaluation and inference,
and a majority also agreed that the core skills of critical thinking include interpretation,
explanation and self-regulation. Although critical thinking skills are present in many
domains, i.e. they are domain-general skills, their application in different contexts
requires domain-specific knowledge, using different methods to make informed
decisions. The study put particular emphasis on the identification of critical thinking
dispositions alongside critical thinking skills, as the philosophers involved in the
research drew attention to the personality traits that determine critical thinking, in the
absence of which critical thinking skills are not applied (Facione, 1990).

1.2.2. Critical Thinking: Skills and Attitudes

Critical thinking is a combination of skills, attitudes and knowledge, which
includes critical thinking skills and dispositions as well (Ennis, 2018; Facione, 1990;
Haber, 2020). In order to achieve it, it is not sufficient to possess high levels of critical
thinking skills alone, but it also requires the presence of certain motivational and
personality factors that contribute to the application of these skills in practice (Ennis,
2018; Halpern & Sternberg, 2020).

Facione's (1990) theoretical approach emphasises six different comprehensive
cognitive skills: interpretation, analysis, evaluation, conclusion, explanation, self-
regulation. Interpretation involves categorisation, decoding, significance and
clarification of meaning. The second skill is analysis, which involves the examination
of ideas, formulating arguments and their analysis. Evaluation as a cognitive skill is
nothing more than the assessment of claims and evidence. Conclusion involves
questioning evidence, hypothesising alternatives and drawing conclusions.
Explanation involves stating results, justifying procedures and presenting evidence.
Self-regulation is the sixth skill of critical thinking, which involves self-assessment
and self-improvement as well.

Affective dispositions are strategies that include the development of intellectual
humility and decision delay, intellectual curiosity, perseverance, and the utilising of
confidence in arguments. A disposition for critical thinking implies engaging in
complex tasks and persevering in these tasks, flexible thinking, and the ability to
abandon unproductive strategies and correct mistakes when necessary (Halpern &
Sternberg, 2020). Van Dongen et al. (2005) concluded that a disposition for critical
thinking enables a person facing uncertainty and conflict to solve problems and make
decisions by asking questions, considering alternatives and conflicts. The critical
thinking disposition includes motivation and a person's commitment to apply critical
thinking in necessary situations (Halpern, 1997). The affective dimension can be
further subdivided into two subgroups, motivational tendencies and behavioural
habits. Motivational tendencies are the tendency to know the truth and a disposition of
curiosity, while behavioural habits include analytical and compliance habits (Geng,
2017).

1.2.3 Critical Thinking and Academic Performance

Critical thinking is a predictor of academic excellence and school success, as it
contributes to a more accurate mastery and transfer of the learning material by
analysing the material, identifying claims, interpreting and evaluating information,
and drawing deductive and inductive conclusions. Several research studies with
secondary school and university students have found a positive relationship between



critical thinking and academic performance (Ali & Awan, 2021; Ibrahim et al. 2021;
Ng et al., 2022; Ren et al., 2020; Shahzadi et al., 2020).

Akpur (2020) investigated the extent to which undergraduate students' higher-
order cognitive processes such as creative, reflective and critical thinking are
interrelated and predictive of academic performance. As a result, the research found
that the three cognitive processes are antecedents of each other and all three
significantly and positively predict academic performance, measured by the annual
overall average of grades.

Ren et al. (2020) investigated the extent to which critical thinking skills and
dispositions, along with general cognitive abilities, predict academic performance.
They identified fluid intelligence, working memory and processing speed as general
cognitive abilities. The relationship between critical thinking, general cognitive
abilities and academic performance was also examined in two different samples of
primary school and university students. After controlling general cognitive ability,
both critical thinking skills and dispositions predicted academic performance. When
the predictive power of critical thinking and general cognitive abilities on academic
performance was examined in a single model, the effect of critical thinking abilities
largely overlapped with general cognitive abilities, whereas the individual predictive
power of critical thinking dispositions was significant.

Doleck et al. (2017) examined the relationship between computational thinking
skills such as cooperativeness, creativity, algorithmic, critical thinking, problem
solving and academic performance in Canadian high school students but found no
significant relationship between the measured skills and academic performance, with
the exception of cooperativeness.

1.2.4. Critical Thinking and Extracurricular Activities

Participation in extracurricular activities such as competitions, conferences,
academic and social group memberships contribute to the development of critical
thinking skills and dispositions (Chen et al., 2020; Jatmiko et al., 2020; Schiefer et al.,
2020). Othman et al. (2015) investigated the impact of a three-week debate
competition on the critical thinking of 16-year-old English as a foreign language
learners. They found a significant difference in critical thinking measured in pre- and
post-tests. After the debate activity, they scored higher in their critical thinking skills.
Critical thinking skills are developed through collaborative learning during the debate,
and reasoning, questioning, drawing conclusions and explaining are also critical
thinking skills that students actively apply during debate activities.

Some research has highlighted that participation in mathematics competitions and
mathematical problem solving are significant predictors of critical thinking
components (Utomo, 2018; Wahidin & Romli, 2020). Other research has concluded a
positive relationship between participation in chemistry competitions, robotics
competitions and students' critical thinking (Chen et al, 2020; Jatmiko et al., 2020;
Nugroho et al., 2019). Hong et al. (2013) investigated the developmental effects of an
after-school robotics program. The science and technology program had positive
effects on student collaboration, learning and creativity. Merino-Armero et al. (2021)
investigated the impact of extracurricular robotics classes on the computational skills
of Spanish fifth-grade students, controlling their fluid intelligence. Significant
differences in computational abilities were found between students who did not
participate in after-school robotics classes and those who participated in these
programs for 2 or more years.

1.2.5. The Applicability and Development of Critical Thinking in Education



Butler et al. (2017) examined in their research whether intelligence or critical
thinking ability play a more important role in everyday decisions. Their results suggest
that critical thinking is more closely related to decisions than intelligence, leading
them to conclude that critical thinking predicts what people do in real life.

Psychology is an evolving discipline, new theories, practices and methods are
emerging, so students, future psychologists, need to be constantly informed, to acquire
new information, but being exposed to large amounts of information requires a
developed level of critical thinking skills and their application. When learning
psychology, students apply their critical thinking skills by identifying which
theoretical models support, complement or contradict each other, which theoretical
models are supported by scientific arguments, which requires their reasoning and
fallacy detection skills. Critical thinking is also necessary to identify which credible
electronic sources or journals are worthy of attention. Psychological research requires
critical thinking skills such as the ability to test hypotheses within inductive reasoning
to provide correct support for hypotheses, and the ability to design experiments to help
formulate hypotheses correctly and in detail, design experimental and control groups,
and keep randomisation in mind (Ennis et al., 2005). Critical thinking is also important
in exploring cause and effect, connecting theory and practice, designing research plans
and conducting research (Ho et al., 2014).

The development of critical thinking can be achieved through methods such as
the use of concept maps (Carvalho et al., 2020; Mohammadi et al., 2019; Roshangar
et al., 2020; Tseng, 2019), a learning and teaching strategy that can be used to develop
situational, context-independent, analytical thinking (Ligita et al., 2022) and problem
solving (Wang et al., 2018; Zwaal & Otting, 2012), as it promotes deep processing of
information, as opposed to superficial processing (Garwood et al., 2018). Concept
mapping, similarly to critical thinking, is a nonlinear cognitive activity that is suitable
for developing high-level cognitive processes such as critical thinking and decision-
making (Alfayoumi, 2018; Khrais & Saleh, 2020).

1.3. Metacognition as an Explaining Cognitive Ability of Academic Excellence

1.3.1. Theoretical Models of Metacognition

Metacognitive processes and strategies are essential in university education, as
students have to process large amounts of information from different sources. The
study and processing of the learning material requires the use of metacognitive
regulatory processes that allow the organisation of the learning process, time
management, organisation of information, monitoring of comprehension,
identification of errors in one's own performance, their correction, and evaluation of
individual abilities and performance (Karatas & Arpaci, 2021).

Metacognition can be defined as thinking about cognitive processes and thinking
(Flavell, 1987), and applying cognitive processes and strategies appropriately, in the
right place, in the right way, at the right time. We can distinguish between two main
components of metacognition, knowledge about cognition and the regulation of
cognition, or metacognitive experience (Dindar et al., 2020; Flavell, 1987; Schwarz et
al., 2021). Metacognitive knowledge refers to general knowledge about cognitive
processes, the recognition of cognitive strengths and limitations, and the assessment
of the abilities of others. This knowledge is acquired through experience and is
generally stable. Metacognitive knowledge includes knowledge such as the ability to
distinguish between an easier and a more difficult text, and the ability to identify
effectively which strategies to use to interpret texts of different difficulty.
Metacognitive experience involves the evaluation and regulation of cognitive



processes and activities that are not necessarily stable. When students ask themselves
questions while reading, they are evaluating their understanding of the text, regulating
their cognitive processes. When students decide to reread one or more sentences or a
paragraph because they have difficulty understanding a particular passage, they
regulate their comprehension. Metacognitive knowledge can lead to increased
metacognitive experience and performance, but it does not always do so. Knowing
that a complex message should be re-read for better understanding does not guarantee
that it will be done so. In addition to metacognitive knowledge, motivation is also
required to perform certain tasks (Dindar et al., 2020).

Knowledge about mental processes and operations consists of three
subcomponents, which include the reflective aspect of metacognition. Declarative
knowledge comprises knowledge about the mind and cognitive strategies, procedural
knowledge refers to the application of declarative knowledge in practice, while
conditioned knowledge refers to the knowledge about when and how to apply
particular strategies (Smith et al., 2020; Vianin, 2016).

The regulation of cognition involves sub-processes that facilitate learning
control. Research has identified five main regulatory skills: planning, information
management strategies, monitoring comprehension, error detection strategies and
evaluation (Mowling & Sims, 2021; Smith et al., 2020). Metacognitive regulatory
skills are essential in the lifelong learning process (Bransen et al., 2022).

1.3.2. Metacognition and Self-Regulated Learning

According to Zimmerman (1990), metacognition involves the complex
interaction of psychological variables such as motivation, emotions and behaviour. If
these factors were ignored, the overall lack of correlation between academic
performance and metacognition, metacognitive regulation, would be unexplained
(Oppong et al., 2019).

One of the main components of self-regulated learning is metacognition. Self-
regulated learning is the process that involves setting goals, using strategies to achieve
goals, monitoring performance until goals are achieved, and evaluating the task
(Cogliano et al., 2021). Metacognitive and self-regulatory learning theories attempt to
answer how the most effective learning is possible. Acquiring new knowledge in a new
domain requires extra cognitive effort, leaving few cognitive resources for monitoring.
Self-regulatory learning differs from metacognition only in the fact that it emphasises
the motivational and emotional aspects of the person in regulating cognition (Ozgakir
Stimen, 2021). According to Efklides and Misailidi (2019), metacognition is an
important and multifaceted component of self-regulatory learning. A crucial criterion
distinguishing the two concepts is that self-regulated learning refers to the learning
process itself, whereas metacognition is the outcome and measurement of the learning
process. In self-regulated learning, obstacles and errors may arise that may affect the
accuracy of metacognition and assessment. Assessment problems arise in situations
where students under- or over-estimate their understanding (Coglinao et al., 2021).
1.3.3. The Relationship Between Metacognition and Academic Performance

Several research studies have highlighted the positive relationship between
metacognitive processes and academic performance, with metacognition being a
significant predictor of academic achievement (Hassan et al, 2022; Jansen et al., 2020;
Muncer et al., 2021; Souhila, 2022; Xue et al., 2021). Higher academic achievers have
more declarative, procedural and conditioned knowledge than their lower-achieving
peers. They are more effective at identifying their cognitive strengths and weaknesses,
and the repertoire of learning strategies they use is broad and varied, and they apply



regulatory strategies that are the most appropriate to the learning context
(Abdelrahman, 2020; Cai et al, 2019; Concina, 2019). The use of metacognitive
learning strategies has a positive impact on academic performance (Smith et al., 2020).

In their meta-analysis, Ohtani and Hisasaka (2018) investigated the relationship
between metacognition, intelligence and academic performance, based on the results
of 118 studies. Metacognition was moderately correlated with academic performance
and intelligence. Both the relationship between metacognition and academic
performance and the relationship between metacognition and intelligence were
moderated by the method of measuring metacognition, with online methods showing
higher effect sizes compared to off-line methods. Metacognition predicted academic
performance, after controlling intelligence.

In a meta-analysis, de Boer et al. (2018) examined the long-term effects of
teaching learning strategies to improve metacognition on academic performance.
From post-test to follow-up measurement, there was a small but significant increase
in the effect of strategy instruction on academic performance, suggesting that
improving metacognition leads to even better academic outcomes in the long run than
in the short run.

1.3.4. The Relationship between Metacognition and Extracurricular Activities

Extracurricular activities develop students' self-regulated learning, thereby
leading to positive competence outcomes. Extracurricular activities provide children
with supportive, caring adults and mentors, and involve skill-building activities that
also develop metacognitive skills (Anwarudin et al., 2021; Baymdir et al., 2021;
Feraco et al., 2022; McCosker et al., 2021).

Research on the relationship between competition and metacognitive processes,
self-regulatory learning, has concluded that participation in competitions is a
significant predictor of metacognition (Anwarudin et al., 2021; Feraco et al., 2022).

Anwarudin et al. (2021) investigated the extent to which students participating
in the Mathematics Olympiad apply their metacognitive skills. The students were able
to accurately identify the knowledge that was essential to solve the problems,
accurately identify the information management strategies used when solving different
types of mathematics problems, and check and evaluate the solution of each problem.
Similarly, Tohir (2019) concluded in his research that students actively use
metacognitive strategies while solving mathematics Olympiad problems.

1.3.5. Developing Metacognition in Education

Metacognition, self-regulated learning and metacognitive awareness are
prerequisites for acquiring competences at school and university. It is a means of
acquiring literacy, reading and basic mathematical skills in primary school, and higher
cognitive processes and operations in secondary school and university. Deficits in
metacognitive processes and self-regulated learning may explain underperformance in
education (Callan et al., 2020), and students may under- or overestimate their
performance (Callender et al., 2016).

1.3.5.1. The development of students' meta-comprehension accuracy

Some research has focused on the development of metacognitive judgements,
meta-comprehension accuracy. The research of Callender et al. (2016) aimed at
developing students' metacognitive judgements, as preliminary surveys showed that
students make incorrect metacognitive judgements immediately after an examination,
e.g. under- or overestimating their performance. In their research, they compared
students' performance judgements with actual exam performance after 2 exams, with
all students being presented with a cognitive bias of overconfidence before the first



exam. After the first exam, despite prior information, the previous metacognitive
judgement pattern appeared: low performers overestimated their performance, high
performers underestimated their performance. After the first exam, one group of
students received feedback on their performance, while the other group did not. After
the second exam, both metacognitive accuracy and performance increased in the group
that received feedback, but the same improvement was not observed in the control
group. This research highlights the essential role of feedback in improving
metacognitive accuracy.

Carpenter et al. (2019) also improved students' metacognitive accuracy over 8
sessions using a feedback method. In order to generalise the development of
metacognitive accuracy to several different tasks, they used a perceptual
discrimination task in the experiment and then examined how metacognitive accuracy
developed for this task, later also examining the accuracy of metacognitive judgements
on performance in a recognition task independent of the experiment. In the group that
received feedback on metacognitive judgements, there was a significant increase in
metacognitive accuracy compared to the active control group, where they only
received feedback on their performance in the perceptual discrimination task. The
improvement shown in the experimental group was generalisable to the independent,
non-practiced task, the recognition task as well.

1.35.2. Visual representation methods for the development of

metacognition

Some researchers have used graphical representation methods to target the
development of students' metacognition (Powell et al., 2021; Stevenson et al., 2017).

Powell et al. (2021) developed metacognitive knowledge and meta-
comprehension accuracy of pharmacy students using the concept mapping method.
Before classes they could read about 14 diseases and during class, they had to make a
concept map in groups. On 4 occasions they received feedback on their concept maps,
on 3 occasions they did not receive feedback and on 7 occasions they did not have to
participate in a group activity on disease processing. Before the classroom discussion
of knowledge, to assess meta-comprehension accuracy, students had to estimate how
many questions they would be able to answer in the reading comprehension quiz and
then they filled in the quiz to test their real comprehension. There was no significant
difference in students' metacognitive performance, calculated as the difference
between the judged and real quiz performance, across the 3 conditions, but the use of
the concept map significantly increased students' performance compared to the days
when no concept map was produced.

Stevenson et al. (2017) conducted a meta-analysis to investigate the impact of
computer-based concept mapping techniques on the development of self-regulated
learning. Concept mapping techniques have positive effects on all three aspects of self-
regulated learning, cognitive, metacognitive and motivational strategies. Feedback on
performance increases the effectiveness of the method. Technology-based concept
mapping methods are more effective in improving self-regulated learning than
traditional paper-and-pencil concept maps.

CHAPTER II. RESEARCH OBJECTIVES AND OVERALL METHODOLOGY
The improvement of critical thinking and metacognition as 21st century skills is
very important in higher education since these cognitive processes are significant
predictors of learning performance, and influence job success (Abueita et al., 2022;
Affuso et al., 2022; Hafeez et al., 2022; Ibrahim et al. 2021; Ng et al., 2022; Nikander



et al., 2022). Earlier studies demonstrated that concept mapping elaboration is a very
effective visual representation method for the improvement of students’ critical
thinking skills and dispositions (Aein & Aliakbari, 2017; Carvalho et al., 2020; Huang
et al., 2017; Lee et al., 2016; Moattari et al., 2014; Mohammadi et al., 2019; Tseng,
2019; Wang & Liao, 2014). However, the results of some studies suggested that the
concept mapping method was not more effective than the traditional teaching method
for the improvement of each critical thinking skill and disposition of students
(Carvalho et al., 2020; Huang et al., 2012; Mohammadi et al., 2019; Samawi, 2006).
Based on these contradictory results of the literature and the limitations of the earlier
conducted meta-analyses (Romanko, 2016; Yue et al., 2017), the first main objective
of this thesis was to investigate the effectiveness of the concept mapping method for
the improvement of students’ critical thinking skills and dispositions, and to compare
the effectiveness of this visual representation method with the traditional teaching
method (Study 1). More precisely, in our meta-analysis, we also examined the impact
of the concept mapping method on subcomponents of critical thinking skills and
dispositions. The moderating effect of gender, age, university profile, educational
level, concept mapping method characteristics (number of concept maps created by
the participants; concept mapping elaboration methods: individual vs. collaborative,
paper-pencil vs. digital), and allocation type (the presence of randomisation) were also
investigated.

There is a lack of validated instruments in Hungarian language for the
measurement of students’ metacognition and critical thinking. Based on this absence,
the second main aim of this thesis was the validation of the Metacognitive Awareness
Inventory into Hungarian (MAI) (Harrison & Vallin, 2018; Moxon, 2022; Schraw, &
Dennison, 1994) (Study 2 A) which is an extensively applied instrument for the
measurement of metacognitive awareness, and the Cornell Critical Thinking Test
Level Z (CCTT Level Z) (Alias et al., 2022; Ennis et al., 2005 Imperio et al., 2020
Leach et al., 2020) (Study 2 B) which is also a frequently used test for the assessment
of college students’ critical thinking skills. Due to the lack of results regarding the
factorial structure of the CCTT Level Z, the main objective of Study 2 A was the
comparison of several factorial models (correlated and hierarchical) translated into
Hungarian language. Similarly, based on the contradictory results regarding the
factorial structure of the MAI, the main objective of Study 2 B was the investigation
of the validity of the 52-item version of MAI proposed by Schraw and Dennison and
the 19-item version of MAI proposed by Harrison and Vallin on a sample of Hungarian
native language students. Our further aim in the Study 2 was the invariance testing of
the validated instruments across genders.

Academic excellence is frequently defined as high learning performance.
Nevertheless, academic excellence could also manifest itself in the participation in
extracurricular activities and the achieved success in high level competitions or
Olympiads for instance. Several studies highlighted that the attendance in
competitions, Olympiads is positively associated with a high level of critical thinking
skills and metacognition (Bayindir et al., 2021; Chen et al., 2020; Feraco et al., 2022;
Jatmiko et al., 2020; McCosker et al., 2021; Schiefer et al., 2020; Utomo, 2022).
However, earlier studies did not test the differences in metacognition and critical
thinking between students attending different types and levels of competitions and did
not draw a conclusion regarding what type of competitions students need to participate
in to improve their cognitive skills. Based on these above mentioned non-investigated
research questions in the literature, the third main objective of this doctoral thesis



was to complete the existing literature with results regarding the differences in
cognitive skills between students attending and not attending competitions,
respectively the main and interaction effects of the participation of students in different
types (science subject, humanities and social sciences, sports, art) and levels (school-
level competition, county Olympiad and national Olympiad) of competitions on their
critical thinking and metacognition (Study 3).

Earlier studies demonstrated a positive relationship between the attendance in
extracurricular activities and learning performance, indicating that these activities
have positive effects on learning outcomes (Feraco et al., 2022; Fujiyama et al., 2021;
Kravchenko & Nygard, 2022; Lang, 2021). Similarly, critical thinking is also a
significant predictor of learning performance (Abueita et al., 2022; Ali & Awan, 2021;
Shahzadi et al., 2020; Xhomara, 2022). However, the moderating effect of competition
level, competition type and conference attendance on the association between critical
thinking and learning achievement was not assessed in earlier studies. Research
regarding the effect of gender on the relationship between critical thinking and
learning outcomes indicated contradictory results (Darmaji et al., 2022; Nwuba et al.,
2022; Purba, 2022; Wahyudiati, 2022). There is a reduced number of studies regarding
the association between critical thinking and learning results examining the difference
between students with different academic disciplines (Igbal et al., 2021; Shahzadi et
al., 2020). Based on the findings and the limitations of the literature the fourth main
objective of the thesis was to investigate the predictive effect of critical thinking on
students’ learning achievement and the moderating effect of competition level,
competition type, conference attendance, academic discipline, and gender on the
relationship between critical thinking and learning achievement (Study 4).

Several studies confirmed that the concept mapping method improves students’
metacognitive processes (Powell et al., 2021; Stevenson et al., 2017), critical thinking
(Barta et al., 2022; Carvalho et al., 2020; Khrais & Saleh, 2020; Roshangar et al., 2020;
Silva et al., 2022), and learning achievement (Appaw et al., 2021; Ayimbila &
Akantagriwon, 2021; Bakolis et al., 2021; Manzon, 2021). Nevertheless, in the case
of Psychology and Special Education undergraduate students, or in the case of
Hungarian speaking Romanian college students, the effectiveness of the concept
mapping method for the improvement of their metacognition and critical thinking was
not tested in earlier studies. The fifth main aim of this thesis was to examine the effect
of the concept mapping method compared with the traditional learning method
(rereading) for the improvement of Psychology and Special Education students’
critical thinking and meta-comprehension accuracy regarding scientific psychological
texts (Study 5). The further aim of Study 5 was the investigation of the concept
mapping method’s effectiveness on students’ psychological scientific text
comprehension and to test the effect of giving feedback on concept maps on critical
thinking, meta-comprehension accuracy and text comprehension achievement.

CHAPTER IIl. ORIGINAL RESEARCH
3.1. Study 1. The Development of Students’ Critical Thinking Abilities and
Dispositions Through the Concept Mapping Learning Method — A Meta-
Analysis!

1 This study has been published. The current version represents an abbreviated adaptation of the published

manuscript.

Barta, A., Fodor, L. A., Tamas, B., Szamoskozi, . (2022). The development of students critical thinking abilities
and dispositions through the concept mapping learning method — A meta-analysis. Educational Research
Review, 37, 100481. https://doi.org/10.1016/j.edurev.2022.100481



3.1.1. Introduction

The goal of education is to prepare students for life, not only to impart lexical
knowledge but to develop 21* century skills that lead to success on the labour market
(Chu et al., 2017). Instead of traditional, frontal education, the use of alternative
methods is recommended, thanks to which lexical knowledge is transformed into
conditional knowledge, making knowledge transfer possible, facilitating the use of
knowledge for everyday solutions, thus developing 21% century skills (analytical
thinking, —metacognition, critical thinking, problem-solving, collaborative
communication, creativity skills) (Saleh, 2019; Yennita & Zukmadini, 2021). In
traditional teaching, the teacher transmits the information in lecture form, students are
mostly passive participants, often taking notes, while group discussion or exercises are
rare during the lesson. As a result of this inactivity, students' attention is easily
distracted, they do not deeply process the course material, neither do they make
connections between the information presented, nor draw conclusions based on the
main ideas (Lo & Hew, 2020; Oderinu et al., 2020). Graphical methods used to
represent concepts as opposed to traditional education, such as the concept mapping
method, allow the graphical mapping of information, the identification of linear and
cross-relations in the curriculum, thus contributing to deeper understanding and better
academic performance (Chiou et al., 2020; Hwang et al., 2020; Machado & Carvalho,
2020). However, in addition to academic performance, the concept mapping method
also has a positive effect on the development of higher-order cognitive abilities, such
as metacognition (Prinz et al., 2020; Stevenson et al., 2017) and critical thinking
(Carvalho et al., 2020; Chen & Hwang, 2020; Khrais & Saleh, 2020; Mohammadi et
al., 2019; Roshangar et al., 2020; Tseng, 2019; Yue et al., 2017), which contribute not
only to academic success but also to success in life and career (Strods & Strode, 2018).
The concept mapping method is becoming more prevalent in education, being suitable
for developing both critical thinking ability (Carvalho et al., 2020; Khrais & Saleh,
2020; Mohammadi et al., 2019; Roshangar et al., 2020; Tseng, 2019) and disposition
(Lee et al., 2016; Moattari et al., 2014).

Preliminary reviews and meta-analyses have profile-specifically investigated the
effect of the concept mapping method on critical thinking. In the included studies only
nursing (Romanko, 2016; Yue et al., 2017) or medical (Daley & Torre, 2010) or
speech-language pathology education students (Mok et al., 2008) were analysed. In
contrast, we did not exclude research based on university profile but we treated study
profile and academic level (secondary school and university students) as moderator
variables. The two preliminary meta-analyses (Romanko, 2016; Yue et al., 2017)
highlight the positive effect of concept mapping on both critical thinking ability and
disposition, but we do not have information on the extent to which the method is
effective in developing critical thinking subcomponents. The literature shows great
variety in terms of what subcomponents belong to critical thinking ability (Davies &
Barnett, 2015; Ennis, 2018; Facione, 1990; Haber, 2020; Halpern & Sternberg, 2020)
and what motivational factors and personality traits form the critical thinking
disposition (Cui et al., 2021; Davies & Barnett, 2015; Haber, 2020). Yue et al. (2017)
presented in their meta-analysis results for different measuring tools, there was no
summarisation of results for the same subcomponents measured with different
instruments. Thus, in our meta-analysis, we do not only draw a general conclusion
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about the effect of concept mapping on critical thinking ability and disposition but also
synthesize the results on subcomponents, examining which of these are affected by the
concept mapping method as opposed to traditional education. We explore the potential
moderating effect of demographic variables on the effectiveness of the method, such
as gender and age. We also tested whether the methods of concept mapping (number
of concept maps constructed, collaborative elaboration, computerised method)
moderate the effect on critical thinking. Preliminary meta-analyses did not take into
account the different applications of the method (Romanko, 2016; Yue et al., 2017). In
his meta-analysis, Romanko (2016) also included research that did not involve
randomisation, whereas Yue et al. (2017) analysed RCTs only. Since randomisation is
difficult in many cases in education, quasi-experiments are used instead of randomised
research to explore the effect of the independent variable (McMillan & Schumacher,

2014). Similarly, a significant proportion of research on this topic did not use random

assignment, so in addition to randomised research, we also included non-randomised

research in our analysis, examining how randomisation moderates the effect size (ES).

3.1.2. Research Questions

Our primary research question is whether the concept mapping method is more
effective in developing critical thinking skills and dispositions than the traditional
educational method. More precisely, in our research, we also examine the impact of
concept mapping on subcomponents of critical thinking skills and dispositions. We
hypothesise that the concept mapping method, due to its metacognitive process
activating function, has a greater impact on complex critical thinking abilities (Davies

& Barnett, 2015), and on the cognitive and motivational components of critical

thinking disposition (Cui et al., 2021), than the traditional teaching method.

Furthermore, we hypothesise that the personality components within critical thinking

dispositions (Cui et al., 2021), due to their stable trait nature, are not developed more

significantly by the concept mapping method than by the traditional teaching method.

Based on the preliminary research, as well as the weaknesses of the meta-
analyses and the unanswered questions, we set up the following additional research
questions in which we highlighted the potential effects of several moderators on the
effectiveness of the concept mapping method:

1. Do the effects of the concept mapping method differ depending on gender?

2. Does the age of the students affect the effectiveness of the method?

3. Does the effect of the concept mapping method differ depending on the university
profile?

3. Does the effect of the concept mapping method differ depending on the level of
education? Is the method more effective in the case of secondary school students or
university students?

4. Does the number of concept maps affect the ES? Is the effect of development greater
if students create more concept maps?

5. Does the concept mapping elaboration method affect the ES? Does collaborative
creation have a higher development potential than an individual one?

6. Does the ES differ depending on the digitalisation of concept maps? Does a concept
map created on a computerised or online platform have a greater impact than the
traditional paper-and-pencil type?

7. Does the effect of the concept map differ depending on the allocation type (random
or non-random)?

3.1.3. Method
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3.1.3.1. Identification and selection of studies
We conducted a literature search in the Cochrane, Medline, ProQuest, PsycInfo,
PubMed, Science Direct, Scopus, Web of Science electronic databases, using the
following keywords: ‘university students’, ‘college students’, ‘undergraduate
students’, ‘secondary school students’, ‘high school students’, ‘concept mapping’,
‘critical thinking’, “critical thinking ability’, ‘critical thinking disposition’. We also
searched for other relevant studies from the reference list of the included articles,
previous reviews and meta-analyses.
The studies had to meet the following criteria to be included in the meta-analysis:
1. To include a comparison between an experimental group applying the concept
mapping method and a control group participating in traditional education

2. To include critical thinking abilities and/or dispositions as outcomes

3. An evidence-based standardised tool was used to assess critical thinking (for
instance we excluded studies that measured critical thinking with the complexity of
concept maps or other performance indicators)

4. Quantitative research (studies using a qualitative approach were excluded)

5. Studies with sufficient reported data to calculate the ES

6. Studies published in peer-reviewed journals and studies in English

The literature search identified 3791 studies, the additional search of the
reference list of the previous relevant literature revealed 12 additional studies, 247
duplicates were excluded. From the remaining 3556 records we excluded 3418 based
on titles and abstracts and examined the full-text of 138 articles. The application of the
inclusion criteria reduced the number of studies to 21.

3.1.3.2. Data extraction

We extracted quantitative data, descriptive statistics of the experimental and
control group (i.e. means, standard deviations, sample sizes) of each study and each
outcome. We also extracted a series of categorical and continuous variables from the
included studies for further moderator analysis. Participants’ gender (percent of female
students), mean age, presence of the randomisation process, students’ academic level
(secondary school or university) and profile (nursing or English as a foreign language),
number of created concept maps, type of concept mapping elaboration method
(individual or collaborative; computerised or paper-based) were extracted from the
methods section of studies.

Two independent raters evaluated the extracted data from all 21 studies and
disagreements were discussed until consensus was reached. Two studies did not report
sufficient data to calculate the ES, lacking the SD and the number of participants from
each group. The authors of these studies were contacted to provide missing SD and
sample size information, but they did not yield the missing data, hence these studies
were excluded (Zubaidah et al., 2018).

3.1.3.3. Statistical analysis and interpretation

We executed all analyses using the Comprehensive Meta-Analysis software
(CMA, version 2.0). We calculated the individual Hedges’ g ESs, measuring the
standardised mean difference (SMD) between the concept mapping and traditional
learning group. Most often, the SMD was computed utilising means, standard
deviations and sample sizes. Where means and standard deviations were not available,
we calculated the SMD from other statistics, such as t-values or F values for
differences between groups. When a study reported multiple measurement data from
the same outcome, the average ES was calculated (Borenstein et al., 2009). A positive
Hedges’ g reflects that the concept mapping group has higher scores of critical thinking
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than the traditional learning group. ESs were interpreted applying Cohen’s guidelines,
where g = 0.2 indicates small, g = 0.5 medium and g = 0.8 large ESs (Cohen, 1992).

We applied a random-effects model for the calculation of mean ESs due to the
heterogeneity of study results. In contrast with the fixed effects model, which assumes
that the reason for variability is only the sampling error, the random-effects model
assumes the heterogeneity of ESs as the consequence of study design and sampling
error (Borenstein et al., 2009). As a result of the variability of the critical thinking
outcomes, we grouped them into critical thinking ability and disposition outcome. We
conducted separate analyses for these two groups of outcomes. Additionally, we
calculated the ESs for each subcomponent of critical thinking ability (analysis,
deduction, evaluation, explanation, induction, inference, interpretation, recognition of
assumptions) and disposition (analyticity, inquisitiveness, open-mindedness, self-
confidence, systematicity, truth-seeking). We conducted a sensitivity analysis
excluding outliers which were defined as studies in which the pooled ES’s 95% CI
(confidence interval) was outside of the 95% CI of the pooled ES (on both sides). 95%
CIs were also calculated to determine statistical significance (if the 95% CI does not
include zero, this denotes that there is a significant difference between the mean
critical thinking outcomes of the concept mapping and the traditional learning group).

Heterogeneity was assessed with I statistic, interpreting 25% as low, 50% as
moderate, and 75% as high heterogeneity (Higgins et al., 2003). The potential impact
of categorical moderator variables was measured by conducting subgroup analysis
using the mixed-effects model, which consists of a fixed-effects procedure across
subgroups and a random-effects procedure within subgroups (Borenstein et al., 2009).
We applied meta-regression with a restricted maximum likelihood model for
continuous moderator variables (Borenstein et al., 2009).

We investigated small study effects with several methods. Publication bias was
analysed through the visual inspection of the funnel plot, which helps in distinguishing
publication bias from other factors of asymmetry (Peters et al., 2008). We also
employed the Egger’s test for the asymmetry of the funnel plot (Egger et al., 1997)
and the trim and fill method (Duval & Tweedie, 2000) as complementary procedures
in investigating potential publication bias or small study effects.

3.1.4. Results

The 21 selected studies included 108 relevant comparisons between the concept
mapping and the traditional learning groups, with 872 participants in the concept
mapping (experimental) group and 823 in the traditional learning (control) group.

3.1.4.1. The effect of the concept mapping method compared to the

traditional learning method on critical thinking ability outcomes

For the critical thinking ability outcome 19 studies were pooled, with an ES of g
=0.531,95% CI 0.279 to 0.783, with substantial heterogeneity (/* = 82%). Exclusion
of four potential outliers led to a small decrease in ES, g = 0.490, 95% CI 0.312 to
0.668, and reduced heterogeneity (* = 55%). With regard to critical thinking
subcomponents, we found significant moderate ESs for deduction ability (g = 0.661,
95% C10.124 to 1.197), with considerable heterogeneity (I* = 91%), and for inference
(g=0.578,95% CI1 0.036 to 1.120), with substantial heterogeneity (2 = 90%). We also
detected significant but smaller ESs for induction (g = 0.493, 95% CI 0.134 to 0.852),
with moderate heterogeneity (* = 67%), and small ES for recognition of assumptions
(g=10.337,95% CI 0.111 to 0.562), without heterogeneity (/> = 0%). For analysis (g =
0.638, 95% CI -0.041 to 1.317, I* = 92%), evaluation (g = 0.196, 95% CI -0.087 to
0.479, P = 75%), explanation (g = 0.155, 95% CI -0.577 to 0.887, > = 87%), and
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interpretation (g = 0.131, 95% CI -0.213 to 0.474, I = 63%) no statistically significant
differences were found. Follow-up outcomes were only reported in two studies for
critical thinking ability.

3.1.4.2. The effect of the concept mapping method compared to the

traditional learning method on critical thinking disposition outcomes

For the critical thinking disposition outcome 5 studies were pooled, g = 0.648,
95% CI 0.266 to 1.031, with moderate heterogeneity (1> = 66%). For the critical
thinking disposition outcome no outliers were identified. A significant high ES for
truth-seeking was demonstrated, g = 0.994, 95% CI 0.227 to 1.761, with high
heterogeneity (I = 86%). A significant moderate ES for analyticity was found g =
0.753, 95% CI 0.204 to 1.301, with considerable heterogeneity (I = 75%). Similarly,
moderate ES was detected for inquisitiveness, g = 0.591, 95% CI 0.342 to 0.840, and
for open-mindedness, g = 0.568, 95% CI 0.320 to 0.817, without heterogeneity (I =
0%). The ES is non-significant for self-confidence, g=0.373, 95% CI -0.100 to 0.846,
with moderate heterogeneity (/> = 65%), and for systematicity, g = 0.492, 95% CI -
0.115 to 1.099, with considerable heterogeneity (* = 80%). In the included studies
follow-up outcomes were not reported for critical thinking disposition.

3.1.4.3. The moderating effect of students’ demographic characteristics

Univariate meta-regression indicated a non-significant relationship between
students’ gender as a continuous variable (percent of females) and critical thinking
ability ES (slope =-0.008, 95% CI: -0.027 to 0.010). After the exclusion of the outliers,
the relationship remained statistically non-significant (slope =-0.001, 95% CI: -0.012
to 0.008).

Students’ gender was significantly associated with critical thinking disposition
ES (slope =-0.018, 95% CI: -0.034 to -0.002); an increase in the percentage of female
participants leads to a decrease in critical thinking disposition.

We found a non-significant relationship between students’ mean age and critical
thinking ability ES (slope = 0.027, 95% CI: -0.051 to 0.105); even with the exclusion
of outliers this result remains non-significant (slope = 0.027, 95% CI: -0.005 to 0.060).

The association between mean age and critical thinking disposition could not be
tested because the mean age of the participants was provided in only one study out of
five on critical thinking disposition.

3.1.4.4. The moderating effect of educational conditions

Students” educational level was not a significant moderator of ES for critical
thinking ability (p = 0.840). Similarly, academic discipline was not a significant
moderator of ES for critical thinking ability (p = 0.109).

We could not test the moderating effect of the educational level and the academic
discipline on critical thinking disposition ES due to the lack of studies including
primary or secondary school students. Only in one study was the effect of the concept
mapping method on English as a foreign language students’ critical thinking
disposition investigated, in the other studies nursing students participated.

3.1.4.5. The moderating effect of concept mapping elaboration methods

There is a non-significant association between the number of concept maps
created by the students and critical thinking ability ES (slope = 0.041, 95% CI: -0.006
to 0.090), after the exclusion of outliers, this result remains non-significant (slope =
0.010, 95% CI: -0.029 to 0.050). Similarly, there is no significant relationship between
the number of concept maps and critical thinking disposition ES (slope = 0.004, 95%
CI: -0.075 to 0.084).
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It was revealed that the collaborative development of concept maps was not a
significant moderator of ES for critical thinking ability (p = 0.266), nor the digital
method (p = 0.756).

We could not test the moderating effect of the collaborative elaboration and
digital method on critical thinking disposition ES due to the lack of studies including
these methods. Only one included study applied the collaborative and digital method
for the development of students’ critical thinking disposition.

3.1.4.6. The moderating effect of allocation type

The allocation type was a significant moderator for the comparison between
concept mapping and traditional learning for critical thinking ability (p = 0.043).
Effects were moderate for randomised studies (11 trials, g = 0.739, 95% CI 0.356 to
1.122), with high heterogeneity (I* = 83%). The ES in non-randomised studies was
low (8 trials, g = 0.265, 95% CI 0.014 to 0.517), with moderate heterogeneity (I* =
66%).

For critical thinking disposition the allocation sequence was not a significant
moderator of the ES (p = 0.860).

3.1.4.7. Small study effects and publication bias

Visual inspection pointed to an asymmetrical funnel for both critical thinking
ability and disposition (see Figure 1). Egger’s regression intercept test was not
statistically significant for critical thinking ability (intercept = 3.174, 95% CI: -1.748
to 8.097, p = 0.191) and critical thinking disposition (intercept = 4.525, 95% CI: -
2.243to 11.295, p=0.123), thus revealing no evidence for publication bias/small study
effects.

Figure 1
Funnel plot for comparison between the concept mapping and the traditional
learning method for critical thinking ability (4) and disposition (B) outcomes
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The Duval & Tweedie’s trim and fill method revealed three potentially missing
studies for critical thinking ability, which, if included would lead to the decrease of the
ES from 0.531 (95% CI: 0.278 to 0.783) to 0.353 (95% CI: 0.073 to 0.633). For critical
thinking disposition the trim and fill method estimated two potentially missing studies
which, if imputed, would lead to the decrease of ES from 0.648 (95% CI: 0.265 to
1.031) to0 0.426 (95% CI: 0.041 to 0.810).

3.1.5. Discussion and Conclusions

In the present meta-analysis, we found a moderate effect of the concept mapping
method on students’ critical thinking ability and disposition improvement compared
with the traditional education method. The effect of concept mapping differs in diverse
critical thinking ability and disposition subcomponents, it is more useful for the
development of critical thinking abilities, such as recognition of assumptions,
induction, deduction, inference and dispositions, like analyticity, inquisitiveness,
open-mindedness, truth-seeking, than the traditional teaching method. These results
highlight the superiority of the use of the concept mapping method in the improvement
of critical thinking abilities and dispositions as compared to the traditional learning
method. Through the representation of concepts and their linear and cross relationships
(Novak, 2010), students have more accurate inductive and deductive reasoning skills,
reflect relevant information more precisely, recognise assumptions more accurately
than students using traditional learning methods.

We analysed the impact of different moderators on the effect of concept mapping
on critical thinking. Except for the randomisation process (for critical thinking ability)
and gender (for critical thinking disposition), the tested moderating effects are not
significant. We could draw more accurate conclusions regarding the differences in the
effectiveness of this method for academic levels and disciplines, respectively the effect
of different elaboration types for critical thinking abilities and dispositions, if more
studies including the tested subgroups were conducted, reporting additional data about
students’ characteristics and the description of the method. Many existent studies are
poorly reported. Detailed reporting of the statistical data for enhancing knowledge
about the applicability of concept mapping would be very useful.

The findings of the meta-analysis draw attention to the effectiveness of the
concept mapping method as an active learning, metacognitive regulation strategy for
teaching and applying it in educational settings. The deep processing of course
material and the exploration of the relationships between relevant concepts presuppose
the functioning of metacognitive processes, which are activated by the use of the
concept mapping method (Powell et al., 2021; Stevenson et al., 2017). The method can
be applied in a variety of ways, either in paper-pencil or digital format, individually or
in groups, and the introduction of the method to students is time and energy efficient.
Providing feedback on the created concept maps further enhances the effectiveness of
the method in promoting cognitive processes (Powell et al., 2021; Stevenson et al.,
2017), as well as academic performance (Dmoshinskaia et al., 2021; Joseph et al.,
2017). Finally, this meta-analysis compares the effectiveness of the concept mapping
method with the traditional, passive one. Further studies could contrast the
applicability of concept mapping with other active teaching methods.

16



3.2. Study 2. A. The Comparison of Several Factorial Structures of the Cornell
Critical Thinking Test Level Z?
3.2.1. Introduction

Critical thinking, as a 21% century ability, was examined in several psychological
areas. Educational psychology research concentrates on the role of critical thinking in
learning, teaching and learning achievement, respectively on its improvement in the
case of students aswell as in the case of teachers (Renatovna, & Renatovna, 2021;
Yuan et al., 2022). Cognitive psychology studies focus on the association between
critical thinking and other cognitive processes, and also investigate the role of
critical thinking in complex cognitive activities,like problem solving (Isiklar, &
Abali-Oztiirk, 2022; Song et al., 2022) and metacognition (Boran, & Karakus, 2022;
Deliligka, & Calfoglou, 2022). In clinical psychology it is mainly the role of the
maladaptive form of critical thinking, self-criticism that is studied in several mental
disorders (Moroz, & Dunkley, 2019; Wakelin et al., 2022). In personality psychology
the relationships between critical thinking dispositions and personality traits
(Eshmirzaeva, 2020; Toker, & Akbay, 2022), as well as effective personality (Merma-
Molina et al., 2022) were measured.

One of the most frequently applied instruments for the assessment of critical
thinking is the Cornell Critical Thinking Test (Alias et al., 2022; Ennis et al., 2005),
that is based on the Cornell/lllinois model (Ennis et al., 2005; Imperio et al., 2020).
Two versions of the test were developed for the measurement of critical thinking in
two different age groups. The Cornell Critical Thinking Test Level X was developed
for the measurement of critical thinking of middle school and high school students (4-
12 grades), while the Cornell Critical Thinking Test Level Z is applicable for the
measurement of advanced and gifted high school students’, college students’ and
adults’ critical thinking abilities (Ennis et al., 2005). Both tests have forced- choice
question format, dichotomous items. The Cornell Critical Thinking Test Level Z
has 52 items, and measures cognitive abilities such as deduction, induction,
observation, credibility, meaning, assumption identification (Gunawardena & Wilson,
2021; Ennis et al., 2005). The CCTT is a domain general instrument, the results are
independent of domain specific knowledge.

The CCTT Level Z is a widely used instrument for the measurement of students’
critical thinking in educational, cognitive psychology studies (Heidari, 2020; Saud,
2020), however, there is a lack of empirical studies in the literature investigating the
factorial structure of the CCTT Level Z. The instrument contains seven subtests:
deduction, meaning and fallacies, observation and credibility of sources, induction:
hypothesis testing, induction: planning experiments, definition and assumption
identification. The induction ability is composed of two subscales, the test measures
the application of induction in hypothesis testing and in planning experiments.
Similarly, the test contains two sections for the measurement of assumption
identification ability (Ennis et al., 2005). The test authors emphasise the
interdependency and overlap of the measured cognitive abilities. Due to the reduced
number of items assessing the separate cognitive abilities, the test authors suggest
taking into consideration the total score for drawing conclusions regarding individual

2 This study is submitted for publication and it is under review. The current version represents an abbreviated

adaptation of the submitted manuscript.

Barta, A., Tamas, B., Pdka, T. (2023). The Comparison of Several Factorial Structures of the Cornell Critical
Thinking Test Level Z [Manuscript submitted for publication].
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differences in critical thinking. In the manual of the Cornell Critical Thinking Test the
reliability results of the instrument regarding undergraduate and graduate student
samples are reported. The Kuder-Richardson reliabilities ranged between .50 and .76,
and the split-half reliabilities werebetween .49 and .80 (Ennis et al., 2005; Verburgh
etal., 2013).
3.2.2. The Aims of the Study

The main aim of the study was the translation into Hungarian language of the
first instrument that measures high school students’, gifted students’ and adults’
critical thinking abilities.Due to the lack of earlier studies investigating the factorial
structure of the Cornell Critical Thinking Test Level Z, based on the recommendations
of the authors of the test (Ennis et al., 2005), beside the unidimensional model, our
aim was the testing and comparison of several correlated and hierarchical factorial
models (two-factor models: deductive reasoning, inductive reasoning; three-factor
models: deduction, induction, meaning and fallacies; four- factor models: deduction,
induction, meaning and fallacies, assumption identification) translated into Hungarian
language. Our further aim was the invariance testing of the CCTT across genders.
3.2.3. Methods

3.2.3.1. Participants

825 Hungarian-speaking students of Babes-Bolyai University participated in the
study. There were no multiple outliers identified, based on the Mahalanobis distance.
78.3% of the participants were females, with a mean age of 21.76 years (SD = 7.12).
The youngest person was 18, and the oldest was 64 years old. The majority of
participants were first-year (85%), 13.9% of them were third year and only 1.1% of
the participants were second-year undergraduate students. 86.7% of the participants
were full-time students, 42.2% of them studied at the Faculty of Psychology and
Educational Sciences.

3.2.3.2. Instrument

The Cornell Critical Thinking Test Level Z was applied for the measurement of
students’ higher order thinking abilities (Ennis et al., 2005). The CCTT contains
52 items and seven sections: deduction (1-10), meaning and fallacies (11-21),
observation and credibility of sources (22-25), induction (Hypothesis Testing) (26-
38), induction (Planning Experiments) (39-42), definition and assumption
identification (43-46), assumption identification (47-52). The CCTT is a multiple-
choice test, has a forced-choice question format, and dichotomously scored items, the
answer for an item can be correct or incorrect. The retranslation method wasapplied
for the translation of the instrument into Hungarian language, executed by two experts.
The participation in the study was preceded by the informed consent of participants,
the test was completed in Google Forms.

3.2.3.3. Data analysis

For the CFA analysis we applied the Mplus version 8.7 with weighted least
squares, mean and variance adjusted estimation (WLSMV; Muthén et al., 1997;
Muthén & Muthén, 2021). The following absolute fit indices were used to evaluate
model-data fit: Chi-squared, Root Mean Squared Error of Approximation (RMSEA),
Standardised Root Mean Square Residual (SRMR). Some relative fit indices, like
Comparative Fit Index (CFI), and Tucker Lewis Index (TLI) were also applied.
Acceptable model-data fit criteria included CFI > 0.90, TLI > 0.90, RMSEA < 0.05,
SRMR < 0.08 (Awang, 2012; Hu & Bentler, 1999; Kline, 2015), while models having
CFland TLI values greater than .95 indicate excellent fit (Hu & Bentler, 1999; Kline,
2015). The relative fit of the alternative factor structures was compared based onthe

18



difference between CFI values. Post hoc inspection was conducted on the best fitting
model, the following item retention criteria was applied: items with significant factor
loadings and items with factor loadings > 0.32 (Costello & Osborne, 2005; Leach et
al., 2020).

We also tested measurement invariance across genders with Muthén’s (2013)
two-step procedure for dichotomous data (Leach et al., 2020). We have tested
configural and scalar invariance models because metric invariance testing is not
allowed for binary variables. The configural model was applied to determine if the
four-factor structure existed across the two groups, without the application of equality
constraints. In the scalar invariance model, the factor loadings and intercepts were
constrained as equal across groups (Leach et al., 2020; Muthén, 2013; Muthén &
Muthén, 2017). Due to our relatively large sample size and the sensitivity of the
absolute Ay2 to sample size, ARMSEA and ASRMR was used for testingthe change
in model fit, values < .015 and < .01 indicated no difference between the models
(Chen, 2007; Meade et al., 2008).

3.2.4. Results

Based on the descriptive statistic results, item means varied substantially with
values ranging from .11 (Item 18) to .80 (Item 8), and standard deviations ranged from
.30 (Item 18) to .50 (Items 4 and 29). These values reveal that several items were very
difficult (e.g., Items 12, 18, 32, 37), while other items were easier (e.g., ltems 2, 8,
17, 26, 46).

3.2.4.1. The comparison of several factorial structures of the CCTT Level Z

in Hungarian

Based on the recommendations of the test authors (Ennis et al., 2005), beside the
unidimensional model, several correlated and hierarchical models [(two-factor
models: deductive reasoning (Items 1-25, 43-52), inductive reasoning (ltems 26-42);
three-factor models: deduction (ltems 1-10, 43-52), meaning and fallacies (Items 11-
21), induction (Items 26-42); four-factor models: deduction (Items 1-10), meaning and
fallacies (Items 11-21), induction (ltems 26-42), assumptions (43-52)] were also
tested. The analysis of the observation and credibility of sources as a discrete
factor and the items belonging to this factor were excluded from the CFA analysis
due to the insignificant factor loadings of allfour items and negative covariances,
residual variances with other latent variables. Due to the overparameterised factor
structure, negative covariances, residual variances, the items belonging to the
induction-hypothesis testing and induction-planning experiments subscales were
treated as the induction factor, similarly, the definition-assumption identification and
assumption identification subscales were also treated as a single factor.

The CFA results of the tested models revealed that the four-factor correlated [2
(1068) = 1247.415, CFIl = .909, TLI = .904, RMSEA = .014, SRMR = .061] and the
four-factor secondorder models [y2 (1070) = 1248.971, CFl = .909, TLI = .904,
RMSEA = .014, SRMR = .061] exceeded the minimum criteria for acceptable model
fit on the majority of fit indices (Awang,2012; Hu & Bentler, 1999; Kline, 2015).

3.2.4.2. The abbreviated Hungarian version of the CCTT Level Z

Due to the very similar statistical fit indices of the two four-factor models, for
post hoc inspection the second-order four factor model was chosen based on the
theoretical approach of the test developers, who suggest the interpretation of critical
thinking as a constructinvolving subfactors (Ennis et al., 2005). Based on the post hoc
inspection of the four-factor second-order model, items loaded insignificantly to the
deduction factor (3, 4) were not retained. Similarly, three items were identified (13,
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15, 19) that were not loaded significantly to the meaning and fallacies factor, two items
with insignificant factor loadings to theinduction factor (39, 40), and one item (43)
that loaded insignificantly to the assumption identification factor. Within the
deduction subfactor five items were identified, (1, 2, 6, 9, 10) within the meaning
and fallacies subfactor five items (12, 14, 16, 20, 21), within the induction
subfactor five items (31, 35, 38, 41, 42), and within the assumptions subfactor four
items (44, 45, 51, 52) with factor loadings < .32. After the exclusion of items with
insignificant and lower than .32 factor loadings (Costello, & Osborne, 2005; Leach et
al., 2020), the abbreviated version of the test included 22 items, three items (5, 7, 8)
loaded significantly to the deduction factor, four items (11, 17, 18, 20) to the
meaning and fallacies factor, ten items (26, 27, 28, 29, 30, 32, 33, 34, 36, 37) to the
induction factor and five items (46, 47, 48, 49, 50) to the assumption identification
factor. The abbreviated 22-item four- factor second-order model indicated excellent
fit indices [x2 (203) = 259.309, CFI = .967, TLI = .963, RMSEA = .018, SRMR =
.056].

The internal consistency of the 22-item Hungarian version of the test was
acceptable (o =.601).

3.2.4.3. Measurement invariance across genders of the Hungarian version

of the CCTT level Z

Measurement invariance across genders (males and females) of the 22-item
abbreviated version of the Cornell Critical Thinking Test Level Z was tested using
configural and scalar models. The models showed acceptable model fit indices for both
genders at every level of invariance. The configural model indicated the 22-item four-
factor structure for males and females. The scalar model indicated that each of the item
loadings onto the factors and item intercepts are similar across gender groups. The
changes in fit indices (ACFI and ARMSEA) indicated no significant differences in
relative model fit between the configural and the restrictive model, which confirm the
configural and scalar invariance of the instrument across genders.

3.2.5. Discussion and Conclusions

The CCTT is an extensively used instrument for the measurement of critical
thinking in different psychological areas, but there is a lack of earlier studies in the
literature investigating its factorial structure and reliability. Due to the questionable
factorial structure of the test and the absence of instruments assessing adults’ critical
thinking abilities, the aim of the current study was the translation of the test into
Hungarian language and the analysis of different factorial structures proposed by the
test developers (Ennis et al., 2005). Comparing the unidimensional model with
different correlated and hierarchical factorial structures, our results revealed that the
four-factor structure of the test, including four higher order cognitive abilities within
the general critical thinking factor, namely the deduction, meaning and fallacies,
induction and assumption identification factors, is the most applicable, reliable and
valid model for the measurement of critical thinking of undergraduate Hungarian-
speaking students from Babes-Bolyai University. Post hoc inspection of the four-
factor second-order structure indicated a 22-item shortened version of the test with
excellent fit indices.

The internal consistency of the shortened version of the test is similar to the
findings of test authors (Ennis et al., 2005), who examined the CCTT’s internal
consistency in the case of several undergraduate and graduate samples, revealing
Kuder-Richardson reliabilities between .50 and .76. The current internal consistency
indicator (.601) exceeds the reliability of the original version of CCTT applied in the
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study of Verburgh et al. (2013), who found a lower Cronbach alpha indicator (.52) in
the case of Belgian Educational Science students.

Additionally, invariance testing of the instrument across genders was conducted.
The results revealed configural and scalar invariance across genders of the 22-item
four-factor structure Hungarian version of the CCTT, confirming that the test has
similar factorial structure, item loadings and intercepts in the case of male and female
groups.

Based on the limitations of the study, it is recommended for future research to
evaluate the factorial structure and reliability of the instrument on older master
students, on samples with balanced gender, academic discipline, academic year
distribution, replacing the convenience sampling method with the cluster one.
Similarly, it would be beneficial to translate and validate the test into other languages,
its measurement invariance analysis between groups formed based on socio-
demographic and academic characteristics of students, in order to complete the
literature with additional results regarding the factorial structure and the reliability of
the test.

This is the first study that aimed at the comparison of different factorial structures
of the CCTT level Z. Similarly, there is a lack of instruments in Hungarian language
measuring students' and adults' critical thinking. The results of this study, the
translated and validated Hungarian version of the CCTT level Z, are very important
for the empirical measurement of critical thinking skills in education, and in different
work environments. The empirical measurement of students’ critical thinking provides
information about their level of thinking skills and promotes the identification of those
skills that require further development in educational context.

3.3. Study 2. B. Validation and Evaluation of the Factorial Structure of Two
Versions of the Metacognitive Awareness Inventory in Hungarian®
3.3.1. Introduction

Metacognitive processes were investigated within several psychological areas
(Norman et al., 2019). Numerous earlier studies demonstrated a significant positive
relationship between metacognitive processes and learning achievement (Cai et al.,
2019; Hassan et al., 2022; Jansen et al., 2020; Muncer et al., 2021; Souhila, 2022; Xue
et al.,, 2021). However, several research results established only weak association
between students’ metacognition and learning performance (Abu Bakar, & Ismail,
2020; Zhao et al., 2019), or did not find any significant correlation (Vettori et al.,
2018), or detected a negative association (Hashmi et al., 2019). One possible
explanation for these contradictory research results could be the low validity and
reliability of instruments measuring metacognition.

The measurement of metacognition is difficult because it cannot be defined as
an explicit behaviour, but neither as a whole implicit process, because we are aware of
our metacognitive processes to a certain degree. Metacognitive processes could not
be observed in a direct manner. It is a complex mental process that contains
metacognitive knowledge and regulation, but also includes momentary motivational
and emotional aspects that could affect the control of cognitive processes (Lai, 2011).

3 This study is submitted for publication and it is under review. The current version represents an abbreviated

adaptation of the submitted manuscript.

Barta, A., Tamés, B., Pdka, T. (2023). Validation and Evaluation of the Factorial Structure of Two Versions of
the Metacognitive Awareness Inventory in Hungarian [Manuscript submitted for publication].

21



The 52-item Metacognitive Awareness Inventory (MAI) was developed by
Schraw and Dennison in 1994. The inventory contains two subscales: metacognitive
knowledge and metacognitive regulation. Metacognitive knowledge includes three
subcomponents: declarative, procedural, and conditional knowledge, while the five
subcomponents within metacognitive regulation are: planning, comprehension
monitoring, information management strategies, debugging strategies and evaluation.

The two-factor structure of MAI was confirmed in several studies, but the items
belonging to the factors vary across research. Harrison and Vallin (2018) have tested
the factorial structure of MAI on American undergraduate population, applying
confirmatory factor analysis (CFA) and multidimensional random coefficients
multinomial logit item-response modelling. They confirmed the two-factor structure,
but from the original 52 items only 19 items loaded significantly on the two factors.
In 2020, Rao and Jaiswal tested the MAI factor structure on Indian high school
students. The results of the EFA showed that from the 52 items only 25 items were
related to the two factors, to metacognitive knowledge and regulation, that was also
confirmed by a CFA. The instrument was denominated as the MAI short version, the
two factors significantly associated to learning achievement. Moxon (2022) aimed at
the confirmation of the two-factor structure of the MAI proposed by Harrison and
Vallin (2018) on Japanese population. Based on the CFA results, the model fitted only
the minimally acceptable criteria. After the post hoc inspection, the 13-item
abbreviated two-factor model had good fit indices. The two-factor structure of MAI
was also confirmed on Malaysian secondary school students, respectively
measurement invariance across age groups demonstrated the same two-factor structure
in the two age groups (16-17 years, and 18-19 years students) (Siang & Lan, 2011).

Craig and his colleagues (2020) analysed in a systematic review the results of
studies investigating the factorial structure of instruments measuring metacognition.
From the included 22 studies, 12 studies tested the factorial structure of MAI with
EFAs and CFAs. From the 22 studies 13 confirmed the presence of two factors:
metacognitive knowledge and metacognitive regulation. The results regarding the
subfactors of the two main factors show a high variety. In the case of MAL the different
studies identified 3, 4, 5, 6 and 8 subcomponents. The eight-factor structure of MAI
proposed by Schraw and Dennison was confirmed only on its Persian (Pour &
Ghanizadeh, 2017) and Turkish (Akin et al., 2007) versions. Within the eight factors
three belonged to the metacognitive knowledge and five to the metacognitive
regulation factor. Therefore, these studies also confirm the two-factor structure. The
factorial structure of MAI was also tested on Indian medical and dental first year
college students (Omprakash et al., 2021). The EFA results demonstrated six factors
(declarative knowledge, procedural knowledge, conditional knowledge, planning,
evaluation, monitoring), after the exclusion of 12 items. Based on the CFA results of
Teo and Lee (2012) on Asian students, the eight-factor structure was not supportable,
a three-factor 21-item structure was proposed.

Due to the diversity of the results a precise conclusion regarding the
subcomponents of MAI proposed by Schraw and Dennison cannot be drawn. Proving
the two-factor structure and the items belonging to these factors failed in numerous
studies. Despite the contradictory results, based on the findings of Craig and his
colleagues’ (2020) systematic review and meta-analysis, it could be concluded that the
two-factor structure of MAI is the best acceptable.

3.3.2. The Aims of the Study
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As a consequence of the contradictory results regarding the factorial structure of
the MALI, the main aim of the study is the investigation of the applicability and validity
of the 52-item version of MAI proposed by Schraw and Dennison and the 19-item
version of MAI proposed by Harrison and Vallin on a sample of Hungarian native
language students. Our goal is to find out which of the two mentioned versions of MAI
provides more reliable results regarding metacognitive knowledge and regulation.
Beside testing the two factorial structures, our further aim is the investigation of the
internal consistency of the instrument, respectively invariance testing across genders
for the examination of the stability of the factorial structure and internal consistency
of the instrument, independently of genders.

3.3.3. Methods

3.3.3.1. Participants

Originally, 819 undergraduate students from Babes-Bolyai University
participated in the study, however, after the exclusion of multiple outliers identified
with the Mahalanobis distance, the final sample was formed from 770 students. The
majority of participants were females (79.2%), with a mean age of 21.84 years (SD =
7.27), the youngest student was 18 years old, the oldest participant’s age was 64 years.
The majority of the participants were first-year students (84.4%), 14.5% of participants
were in their third, and only 1% of them were in their second academic year. 86.1% of
the participants were full-time students, 42.9% of students studied at the Faculty of
Psychology and Educational Sciences.

3.3.3.2. Instruments

The Metacognitive Awareness Inventory developed by Schraw and Dennison
(1994) was applied. The MAI contains 52 items that can be grouped in one of eight
subscales: three subscales within metacognitive knowledge (declarative, procedural
and conditional knowledge), five subscales within metacognitive regulation (planning,
information management strategies, debugging strategies, comprehension monitoring
and evaluation). Participants responded on a 5-point Likert scale, where = Not at all
typical of me, 2 = Not very typical of me, 3 = Somewhat typical of me, 4 = Fairly
typical of me, and 5 = Very typical of me (Harrison & Vallin, 2018; Moxon, 2022).
This scale differs from the original, semantic-differential response scale, that contains
yes-no type, dichotomous answers. The Likert scale indicates a more detailed picture
regarding the degree of metacognitive awareness but could also increase the
acquiescence bias (Krosnick & Presser, 2010). For the translation of the instrument
into Hungarian language the retranslation method was applied. The participation in the
study was preceded by the informed consent of participants, the questionnaire was
completed through Google Forms.

3.3.3.3. Data analysis

We tested the two-factor model of MAI proposed by Schraw and Dennison in
1994, but due to the results of earlier studies on different samples that could not
replicate the 52-item structure of MAI (Harrison, & Vallin, 2018; Moxon, 2022;
Omprakash et al., 2021; Rao, & Jaiswal 2020; Teo, & Lee, 2012), we also tested the
19-item version of MAI proposed by Harrison and Vallin (2018).

Outliers were identified and excluded based on Mahalanobis d*. For the
assessment of internal consistency of the tested models Cronbach alphas, correlations
between factors, AVE and CR scores were calculated.

For the CFA analysis we used SPSS Amos version 24 (Arbuckle, 2016) with
maximum likelihood estimation. The chi-squared absolute fit index is sensitive to
sample size (Vandenberg, 2006), researchers have proposed alternative fit indices for
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the assessment of model fit (Kline, 2015; Tabachnick & Fidell, 2007). The following
absolute fit indices were used to evaluate model-data fit: Chi-squared, Goodness of fit
index (GFI), Root Mean Squared Error of Approximation (RMSEA), Standardized
Root Mean Square Residual (SRMR). Some relative fit indices: Comparative Fit Index
(CFI), Tucker Lewis Index (TLI), and the y2/df as the parsimonious fit index were also
applied. Acceptable model-data fit criteria included GFI> .90, CF1> 0.90, TLI > 0.90,
RMSEA < 0.05, SRMR < 0.08, ¥2/df < 5 (Awang, 2012; Hu & Bentler, 1999; Kline,
2015), while models having GFI, CFI and TLI values greater than .95 indicate
excellent fit (Hu & Bentler, 1999; Kline, 2015). For the comparison of the goodness
of fit of the models Akaike and Bayesian information criteria were also used, lower
values indicating better data fit.

Measurement invariance across males and females of the MAI was assessed with
a series of invariance models. Configural, metric, scalar and residual invariance
models were tested by sequentially adding restrictions on parameters, applying a
stepwise approach. The configural model was used to determine whether the two-
factor structure existed across the two groups, without the application of equality
constraints. In the metric model the configural testing was used with the additional
constraint of factor item loadings equal between groups, to analyse the item factor
loadings equivalence across the two groups. Metric testing was applied for the scalar
model, in this case item intercepts were also constrained equal between groups to
examine the equivalence of item intercepts across groups. The scalar model was
applied for the residual invariance testing, constraining item residuals equal between
groups to analyse whether the residuals of the MAI items are similar across gender
groups (Putnick & Bornstein, 2016). Due to the sensitivity of the absolute Ay2 to
sample size, descriptive fit indices were used, ARMSEA and ASRMR, for testing the
change in model fit, values <.015 indicated no difference between less restrictive and
more restrictive models (Chen, 2007; Meade et al., 2008).
3.3.4. Results

3.3.4.1. The 52-item version of Metacognitive Awareness Inventory

Based on the Mahalanobis @* 49 outliers were identified. The Cronbach alpha
indicators revealed good internal consistency of the 52-item version of MAI for the
metacognitive knowledge (o = .804) and metacognitive regulation (o = .875)
subscales. The calculated CR were also acceptable, for metacognitive knowledge it
was .797, for metacognitive regulation .872. However, the calculated AVE scores were
very low, for the metacognitive knowledge subscale it was 0.198 and for the
metacognitive regulation subscale it was .171. The correlation between the two
subscales was high, r (768) = .674, p <.001. The CFA analyses of this first tested, 52-
item model based on Schraw and Dennison’s theory did not satisfy all of the criteria
for acceptable model fit (Hu & Bentler, 1999), x2 (1192) =2712.068, p <.001, GFI =
.871; RMSEA = .041, 90% CI [.039, .043], SRMR = .052; CFI = .835, TLI = .817,
¥2/df = 2.275. Information criteria for the 52-item model were AIC = 3084.068, BIC
=3948.296.

3.3.4.2. The 19-item version of Metacognitive Awareness Inventory

The Cronbach alphas of the 19-item version of MAI indicated adequate internal
consistency for the metacognitive knowledge (o = .713) and metacognitive regulation
(o = .739) subscales. The calculated CR were also acceptable, for metacognitive
knowledge it was .735, for metacognitive regulation .735, but the calculated AVE
scores were very low, for the metacognitive knowledge subscale was .275 and for the
metacognitive regulation subscale it was .203. The correlation between the two
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subscales was high, r (768) = .555, p < .001. The CFA results of the second tested
Harrison-Vallin 19-item model showed that every evaluated fit index exceeded the
minimum criteria for acceptable model fit (Awang, 2012; Hu & Bentler, 1999; Kline,
2015), and well-fitting model criteria on the majority of fit indices, excepting the 2,
CFI and TLI values (Hu & Bentler, 1999; Kline, 2015), 2 (137) = 298.885, p <.001,
GFI = .961; RMSEA = .039, 90% CI [.033, .045], SRMR = .04; CFI = .934, TLI =
918; y2/df = 2.182. Information criteria for the 19-item model were AIC = 404.885,
BIC = 651.144, factor loadings are presented in Table 1.

Table 1

Standardised and unstandardised regression weights of the 19 — item Harrison-Vallin
model

Ttem Subcategory Standardised Unstandardised
Estimate Estimate Standard error

10 K (DK) 331 1.000

16 K (DK) .396 1.195 161
20 K (DK) 394 1.161 172
32 K (DK) .348 954 137
27 K (PK) .693 2.342 .289
33 K (PK) .660 2.163 .269
26 K (CK) 459 1.607 228
35 K (CK) 726 2.356 .289
6 R (P) 456 1.000

8 R (P) 475 1.083 123
39 R (IMS) .360 .672 .094
41 R (IMS) 430 927 115
43 R (IMS) 446 978 116
21 R (M) .505 1.099 121
24 R (E) 522 1.298 .140
50 R (E) 489 1.213 136
40 R (DS) 423 .850 .105
44 R (DS) 341 .648 .094
51 R (DS) 478 .905 102

Notes. K = metacognitive knowledge, R = metacognitive regulation, DK = declarative
knowledge, PK = procedural knowledge, CK = conditional knowledge, P = planning,
IMS = information management strategies, M = monitoring, DS = debugging
strategies, E = evaluation.

3.3.4.3. Measurement invariance of the 19-item version of Metacognitive

Awareness Inventory

Measurement invariance across genders (males and females) of the 19-item
Harrison-Vallin model was tested using a series of multi-group CFAs, configural,
metric, scalar, and residual models. All tested models showed acceptable model fit
indices for both genders at every level of invariance. The configural model indicated
the 19-item two-factor structure for males and females. The metric model indicated
that each of the item loadings is similar across gender groups, the scalar model
suggested that each of the item intercepts are similar across groups and the residual
model revealed that the item residuals for each of the 19 items are also similar across
groups.

The descriptive fit indices (ARMSEA and ASRMR) indicated no significant
differences in relative model fit between less restrictive and more restrictive models,
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which confirm the configural, metric, scalar and residual invariance of the instrument
across genders.

The Cronbach alphas of the 19-item version of MAI indicated adequate internal
consistency for male (Gmetacognitive knowledge = - 723, Ometacognitive regulation = -736) and female
responders (o itive knowledge = - 735, 0, itive regulation = -730). The calculated CR
were also acceptable for males (for metacognitive knowledge it was .730 and for
metacognitive regulation .730) and for females (for metacognitive knowledge it was
.739 and for metacognitive regulation .728). The calculated AVE scores were very low
in the case of the male (for the metacognitive knowledge subscale it was .271 and for
the metacognitive regulation subscale it was .206) and the female (for the
metacognitive knowledge subscale it was .278 and for the metacognitive regulation
subscale it was .442) groups. The correlation between the two subscales in the male
group was moderate, r (158) = .441, p <.001, in the female group it was high, r (608)
=.527,p <.001.

3.3.5. Discussion and Conclusions

The MAI is an extensively applied instrument for the measurement of
metacognition in different areas of psychology research, but the originally
recommended factor and item structure was reproduced only in a few studies, which
questions the reliability of the instrument and the accuracy and applicability of the
results of the inventory. Because of the contradictory literature results and the absence
of instruments for the measurement of metacognition validated to Hungarian language,
in the present study the MAI was translated into Hungarian language with the
retranslation method.

The main aim of the study was the investigation and comparison of the factorial
structure and internal consistency of the original 52-item version of MAI proposed by
Schraw and Dennison, and the 19-item version of MAI, developed by Harrison and
Vallin with CFA and multidimensional random coefficients multinomial logit item-
response modelling methods, on Hungarian native language undergraduate student
population.

The internal consistency of both models of MAI based on Cronbach alpha
indicators and calculated CR (composite reliability) showed adequate internal
consistency for both subscales (metacognitive knowledge and regulation). However,
the calculated AVE (average variance extracted) scores were under the acceptable
criteria in the case of both versions for each subscale. The correlation between the two
subscales of the 52-item and 19-item version MAI was high.

Based on the CFA results the 52-item Schraw and Dennison model indicated
unacceptable GFI, CFI and TLI values (Hu & Bentler, 1999), but the 19-item Harrison-
Vallin model indicated acceptable and excellent model fit indices on every evaluated
criteria (Awang, 2012; Hu & Bentler, 1999; Kline, 2015). Correspondingly, the 19-
item model indicated better AIC and BIC values. Similarly to the majority of earlier
studies (Craig et al., 2020; Harrison & Vallin, 2018; Moxon, 2022; Ning, 2016; Rao
& Jaiswal, 2020; Siang & Lan, 2011), which investigated the factorial structure of the
MALI, the two-factor structure of MAI was also confirmed on Hungarian native
language undergraduate student population. Based on our results, the 19-item two-
factor version of MAI, proposed by Harrison and Vallin is reliably applicable on the
Hungarian native language undergraduate students of Babes-Bolyai University,
furthermore, the instrument is appropriate for drawing conclusions regarding
metacognitive knowledge and regulation in the studied population.
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Measurement invariance across genders was tested on our better fitted 19-item
Harrison-Vallin model, applying a series of multigroup-CFAs. The four tested models
(configural, metric, scalar, and residual) indicated acceptable model fit indices for both
gender groups. The configural model supported the 19-item two-factor structure for
the group of males and females. The metric model indicated that the item loadings are
similar, the scalar model showed that the item intercepts are similar, and the residual
model demonstrated that the item residuals are similar across the two groups. The
descriptive fit indices (ARMSEA and ASRMR) indicated measurement invariance
(configural, metric, scalar and residual) across the two gender groups.

The internal consistency of the 19-item MAI across genders was also tested. The
Cronbach alpha values and the calculated CR (composite reliability) scores indicated
adequate internal consistency, but the calculated AVE (average variance extracted)
values were very low. The correlation between the metacognitive knowledge and
regulation subscales for males was moderate and for females it was high. Based on the
invariance testing results, the 19-item two-factor structure is reliably applicable on
Hungarian native language undergraduate student population, independently of
gender.

Due to the limitations of the study, for future studies it is recommended to
analyse the factorial structure and reliability of the instrument on older, other native
language academic population, with balanced gender and Faculty, academic profile
distribution, that could be achieved by replacing the convenience sampling method
with stratified random sampling method.

3.4. Study 3. Excellence-Based Differences of Undergraduate Students in
Metacognition and Critical Thinking
3.4.1. Introduction

Critical thinking and metacognition can be improved with the application of
learning and teaching techniques, such as methods usable for visual representation of
knowledge that aim the activation of complex thinking processes (Barta et al., 2022;
Powell et al., 2021). On the other hand, numerous earlier studies raised attention to the
positive effect of the participation in extra- and co-curricular activities (competitions,
conferences, group memberships) on students’ higher order cognitive abilities (Feraco
et al., 2022; Jatmiko et al., 2020; McCosker et al., 2021; Schiefer et al., 2020).

Academic excellence is frequently defined as the high learning achievement of
students, but participation in extracurricular activities, like school-level competitions,
county-level, national-level Olympiads, competition in conferences during the
academic years, also improve the knowledge and expertise within a certain scientific,
art, or sports field (Abueita et al., 2022; Ibrahim et al., 2021; Rebholz et al., 2022).

The participation in extracurricular scientific, art or sports activities, in
competitions, conferences, and scientific group membership, are not only significant
predictors of learning achievement (Abueita et al., 2022; Akpur, 2020; Ali & Awan,
2021; Ibrahim et al., 2021; Ng et al., 2022; Shahzadi et al., 2020), but several studies
also demonstrated the positive effect of these activities on students’ critical thinking,
divergent thinking, reasoning ability (Chen et al., 2020; Huang & Yeh, 2017; Jatmiko
et al., 2020; Schiefer et al., 2020).

In some studies students’ critical thinking skills were improved with techniques
that were based on the combination of coopetition, cooperative methods, and
competitive situations (Huang & Yeh, 2017; Wang et al., 2017). The critical thinking
skills and dispositions of journalism students were also developed with the
combination of cooperation and competition, accomplished through an online
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gamified platform (Huang & Yeh, 2017). Utomo et al. (2022) compared the critical
thinking skills of regular, accelerated and Olympiad class students. Olympiad class
students interpreted the questions correctly, applied accurate problem-solving
strategies, and with the help of these correctly selected methods drew precise
conclusions. The preparation process for the Olympiads, the proficiency in Olympiad
tasks, the experiences and expertise acquired in the competitions, promoted the
outstanding level of critical thinking skills.

Participation in natural science activities, competitions, Olympiads are
significant predictors of students’ critical thinking (Chen et al., 2020; Jatmiko et al.,
2020; Nugroho et al., 2019; Rusdin & Rusli, 2020; Utomo, 2018; Wahidin & Romli,
2020). The solution of mathematical problems, tasks, and mathematics competition
attendance have a positive association with the level of critical thinking (Rusdin &
Rusli, 2020; Utomo, 2018; Wahidin & Romli, 2020). Similarly, students attending
chemistry and robotics competitions have higher critical thinking skills than their non-
attending peers (Chen et al., 2020; Jatmiko et al., 2020; Nugroho et al., 2019).

Participation in extracurricular, scientific, art or sports activities improves
students’ field specific knowledge, their knowledge regarding their own abilities and
regulation skills, self-regulated learning, and metacognition (Anwarudin et al., 2021;
Bayindiretal., 2021; Feraco et al., 2022; McCosker et al., 2021; Tohir, 2019). Students
attending competitions acquire effective time management skills, learn to differentiate
between the easier and more difficult tasks during the intensive preparation process,
in this manner they can precisely identify the amount of time required by the tasks
with different difficulty (Salmeen et al., 2019). Through the preparation process they
obtain expertise and reach conclusions regarding the information strategies required
by the tasks, thereby they acquire more metacognitive knowledge than their peers who
do not attend competitions (Anwarudin et al., 2021; Tohir, 2019). International
Olympiad winner athletes reported that their experience acquired in the competitions
promoted the improvement of their planning ability and self-control (Jordalen et al.,
2019).

Numerous earlier studies established a positive association between mathematics
achievement and metacognition (Desoete & De Craene, 2019; Ohtani & Hisasaka,
2019). The solution of mathematics tasks requires effective information
representation, planning, evaluative and analytical skills, so attendance at
mathematical competitions or Olympiads improves students’ self-regulation
(Anwarudin et al., 2021; Tohir, 2019). Combinatorics courses improved students’
metacognition, the application of effective task solving strategies, and the optimal use
of the conclusions drawn from the evaluation of their own achievement (Tohir &
Muhasshanah, 2021). Idiege and Nja (2021) confirmed the effectiveness of an
interactive competition-based metacognitive strategy to increase the learning
achievement of chemistry students.

3.4.2. Aims of the Study and Hypotheses

Due to the reduced number of previous studies in the literature investigating
competition-based variables’ effect on higher order cognitive skills, the main aim of
the study is to complete the existing literature with results regarding the differences in
critical thinking and metacognitive awareness (metacognitive knowledge and
regulation) between students attending or not attending competitions. Our further aim
is to explore the differences in critical thinking and metacognitive awareness
(metacognitive knowledge and regulation) between students attending higher level
(Olympiads) and lower level (school-level) competitions, students attending

28



competitions in science subjects, humanities and social sciences, sports and arts,

additionally, to investigate the interaction effect of the competition level (no

competition attendance, school-level competition, Olympiad attendance) and
competition type (science subject, humanities and social sciences, sports, art) on
students’ critical thinking and metacognition.

Based on the results of earlier studies and on the objectives of the study the
following hypotheses were created:

1. There is a significant effect of the competition level and the competition type on
students’ critical thinking ability.

2. There is a significant effect of the competition level and the competition type on
students’ metacognitive awareness (metacognitive knowledge and metacognitive
regulation).

3.4.3. Methods

3.4.3.1. Participants
579 undergraduate students of Babes-Bolyai University participated in this
study. Most participants were women (78.6%), first year (83.8%), full-time students

(86.4%) of the Faculty of Psychology and Educational Sciences (40.8%). 24.5% of the

students didn’t participate in any competition, 30.7% of the students attended school-

level competitions, 29.7% participated in county Olympiads and 15% in national

Olympiads. The distribution of students based on competition type was the following:

21.1% participated in science subject, 38.3% in humanities or social science, 9% in

sports and 7.1% in art competitions. The mean age of participants was 21.78 years (SD

= 7.14). The lowest score at critical thinking was 4, the highest was 19, and the mean
score was 11.77 (SD = 3.24). The minimum score at metacognitive knowledge was

14, the maximum was 40, the minimum score at metacognitive regulation was 20, the

maximum was 54. The mean score of metacognitive knowledge was 27.91 (SD =4.15)

and that of metacognitive regulation was 39.29 (SD = 5.35).

3.4.3.2. Instruments

3.4.3.2.1. Demographic questionnaire

The demographic questionnaire was developed for the measurement of socio-
demographic characteristics of students (gender, age, study type — full time or distance
learning, academic year, academic discipline), participation in competitions,
competition level, and competition type. In the case of participation in competitions
the students selected the highest level of competition in which they participated (non-
attendance, school level competition, county level Olympiad, national Olympiad), and
the type of the highest-level competition that they attended (science subject,
humanities or social sciences, sports, art).

3.4.3.2.2. The Hungarian version of the Cornell Critical Thinking Test Level Z

The test has forced-choice question format, contains 22 items and four sections:

deduction (5, 7, 8), meaning and fallacies (11, 17, 18, 20), induction (26, 27, 28, 29,

30, 32, 33, 34, 36, 37), assumption identification (46, 47, 48, 49, 50). Based on the

recommendations of the original test developers (Ennis et al., 2005), and due the

reduced and unequal number of items of some subscales, the further analysis regarding
critical thinking was conducted using the total score of the students’ critical thinking.
3.4.3.2.3. The Hungarian version of Metacognitive Awareness Inventory
The instrument includes 19 items, and two subscales: metacognitive knowledge

(10, 16, 20, 26, 27, 32, 33, 35) and metacognitive regulation (6, 8, 21, 24, 39, 40, 41,

43, 44, 50, 51) (Harrison & Vallin, 2018; Moxon, 2022). A 5-point Likert scale was

used (1 = Not at all typical of me, 2 = Not very typical of me, 3 = Somewhat typical
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of me, 4 = Fairly typical of me, and 5 = Very typical of me) (Harrison & Vallin, 2018;
Moxon, 2022). The instrument showed adequate internal consistency for both
subscales (o, itive knowledge = 722, O itive regulation = -/00).

3.4.3.3. Research design

An ex post facto design was applied, investigating the effect of the earlier
participation of students in different types and levels of competitions on their critical
thinking and metacognition. The compared groups were formed based on students’
participation in competitions, competition level and types of competition. The effect
of these quasi-experimental variables was tested on the dependent variables:
metacognitive awareness (metacognitive knowledge and regulation) and critical
thinking.

3.4.3.4. Data analysis

A priori power analysis via G¥Power3 (Faul et al., 2007) for two-way (3x4)
ANOVA based on type I error with a p-value of .05 and statistical power of 0.80 with
twelve groups showed that for a medium effect size (f' = .25) the required sample size
is n = 225, for two-way (3x4) MANOVA for a medium effect size (£(V) = .0625) the
required sample size is n = 192. For the investigation of the effect of competition level
and competition type on students’ critical thinking two-way (3x4) ANOVA was
conducted. For the inspection of the effect of competition level and competition type
on students’ metacognitive awareness (metacognitive knowledge and regulation) two-
way (3x4) MANOVA was applied. Based on the results of the two-way MANOVA,
the effect of competition level on students’ metacognitive awareness was further
analysed, splitting the Olympiad group into two subgroups: county and national
Olympiad groups.

3.4.4. Results

3.4.4.1. The effect of competition level and competition type on students’

critical thinking

A 3 x 4 ANOVA test was conducted to assess the effect of competition level (no
competition attendance, school-level competition, Olympiad attendance) and
competition type (science subject, humanities, sports, art) on students’ critical
thinking. Two outliers in the science subject Olympiad group and one outlier in the art
competition group were detected; these three cases were excluded from further
analysis. Levene’s test indicated that the assumption of homogeneity of variances was
met, Flevene (8, 567) = 1.274, p = .254.

The main effect of competition level was not statistically significant, F (1, 567)
=.706, p = 401, n,*> = .001. The main effect of competition type was statistically
significant, F (3, 567) = 3.440, p = .017, n,> = .018, indicating that competition type
accounted for a 1.8% of the variance in critical thinking. The interaction effect also
was significant, F (3, 567) = 3.836, p = .010, n,> = .020, indicating that 2% of the
variance in critical thinking was explained by the level and the type of the competition.
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Figure 1
The effect of competition level and competition type on students’ critical thinking
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Scheffe post hoc comparisons were conducted to evaluate pairwise differences
between group means because of the unequal sample size of the groups (Nawi et al.,
2020). The pairwise comparisons between the means of the competition level groups
revealed a significant difference in critical thinking between students who didn’t
participate in any competitions and students who participated in Olympiads (p =.001),
indicating that in the Olympiad attending group (M = 12.26, SD = 3.088) the critical
thinking scores of students were significantly higher than the scores in the non-
attending group (M = 11.06, SD = 3.169). There was no statistically significant
difference between students attending school-level competitions (M = 11.63, SD =
3.410) and Olympiads (p = .124), nor between students not attending competitions and
students attending school-level competitions (p = .275). The post hoc test regarding
the competition type groups indicated that in the non-attending group (M = 11.06, SD
= 3.169) there were lower scores at critical thinking than in the science subject
competition group (M = 12.38, SD = 3.331, p = .023) and the humanities competition
group (M =12.37, SD =3.011, p = .005). Students who attended sports competitions
(M =10.33, SD = 3.508) had lower scores than students who attended science subject
(p = .004) and humanities (p = .002) competitions. There was no statistically
significant difference between the non-attending and sports competition (p = .719),
non-attending and art competition (M = 11.05, SD =2.978, p = 1.000), science subject
and humanities competition (p = 1.000), science subject and art competition (p =.253),
humanities and art competition (p =.204), sports and art competition (p = .879) groups
(see Figure 1).

3.4.4.2. The effect of competition level and competition type on students’

metacognitive awareness

A3 x4 MANOVA test was conducted to examine the effect of competition level
(no competition attendance, school-level competition, Olympiad attendance) and
competition type (science subject, humanities, sport, art) on students’ metacognitive
awareness. Metacognitive awareness includes two dependent variables: metacognitive
knowledge and metacognitive regulation.

The main effect of competition level was not statistically significant, F (2, 564)
= 1.42, p = 243, Pillai’s Trace = .005, n,* = .005. Similarly, competition type had no
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statistically significant effect on students’ metacognition, F (6, 1130) = .644, p = .695,
Pillai’s Trace = .007, n,> = .003. The interaction effect of competition level and
competition type was not statistically significant, F' (6, 1130) =.747, p = .612, Pillai’s
Trace =.008, n,> = .004.

Based on the scores of metacognitive knowledge an increasing tendency was
detected in all Olympiad groups. Therefore, the effect of the level of competition was
further analysed splitting the Olympiad group into two new subgroups: county and
national Olympiad groups. In the MANOVA test the independent variable was the
level of competition (no competition attendance, school-level competition, county
Olympiad, national Olympiad attendance) and the dependent variable was the
metacognitive awareness (metacognitive knowledge and metacognitive regulation).

The effect of competition level was statistically significant, F' (6, 1140) = 2.227,
p = .038, Pillai’s Trace = .023, n,> = .012. The effect of competition level on
metacognitive knowledge is significant, F (3, 570) = 3.811, p = .010, n,* = .020,
indicating that 2% of the variance for metacognitive knowledge was explained by the
competition level. The level of competition effect on metacognitive regulation was not
statistically significant, F (3, 570) = .376, p = .770, n,* = .002.

Scheffe post hoc comparisons indicated a significant difference in metacognitive
knowledge between students who had attended national level Olympiads (M = 29.29,
SD =3.677) and school-level competitions (M =27.58, SD =4.347, p=.020), between
the national level Olympiad and county level Olympiad (M =27.71, SD =4.158, p =
.040) groups. No statistically significant difference was detected between the non-
attending (M = 27.72, SD = 4.043) and the school level competition (p = .993), the
non-attending and the county level Olympiad (p = 1.000), the non-attending and the
national level Olympiad (p = .052), nor between the school-level competition and the
county level competition (p = .993) groups in metacognitive knowledge scores.

The Scheffe post hoc test indicated no statistically significant differences
between students attending different levels of competitions in metacognitive
regulation scores.

3.4.5. Discussion and Conclusions

The aim of this study was to complete the existing literature regarding the effect
of participation in competitions on students” higher order cognitive abilities. Earlier
studies didn’t analyse the possible differences in metacognition and critical thinking
between students attending different levels and types of competitions. The results of
the study emphasise the significant effect of students' participation in competitions on
their higher order cognitive abilities. More specifically, the level and the type of these
competitions have a significant effect on students’ critical thinking skills and their
metacognitive awareness.

Significant differences were found in critical thinking between students not
attending competitions and students attending Olympiads; there was no significant
difference between students attending school-level and Olympiad competitions.
Similarly, differences between students attending different types of competitions were
observed. Students attending science subject and humanities competitions have
significantly higher critical thinking scores than students not attending competitions
and students who participated in sports competitions. Our results support the results of
earlier studies investigating the relationship between participation in competitions,
Olympiads and critical thinking, the positive effect of the participation in science
subject, like chemistry, robotics, mathematics competitions (Chen et al., 2020; Jatmiko
et al., 2020; Nugroho et al., 2019; Rusdin & Rusli, 2020; Wahidin & Romli, 2020).
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Competition type had no statistically significant effect on students’
metacognitive awareness (metacognitive knowledge and regulation), similarly,
students’ metacognition was not influenced significantly by competition level when it
was operationalised with three levels (non-attendance, school-level competition, and
Olympiad attendance), but an ascending tendency of metacognitive knowledge was
found with the increase of competition level, regardless of the competition type. The
effect of competition level on metacognition was further analysed, splitting the
Olympiad attendance into two levels (county and national Olympiad), and a significant
effect on metacognitive awareness was found. Within metacognition a statistically
significant effect could be found only on students’ metacognitive knowledge. Students
attending national level Olympiads have higher metacognitive knowledge than
students who attended lower-level competitions. The results regarding the effect of
participation in competitions on metacognition uphold the results of earlier studies
investigating the effect of competitions, Olympiads on students’ metacognition and
self-regulation (Anwarudin et al., 2021; Baywndir et al., 2021; Feraco et al., 2022;
Jordalen et al., 2019; Salmeen et al., 2019; Tohir, 2019). Based on our results, the first
hypothesis, regarding the effect of competition level and competition type on students'
critical thinking has proved to be true. We can accept the second hypothesis only partly,
because the competition level has a significant effect on metacognition, but the main
effect of competition type and the interaction effect of competition level and
competition type on metacognition was not statistically significant.

In order to increase of the generalisability of our results and the equal
representation of students based on their socio-demographic and competition-related
variables, the application of the cluster sampling method instead of convenience
sampling, the involvement of other-language-speaking students, master and doctoral
students, beside Hungarian-speaking undergraduate students, is recommended for
future studies. With the help of interrupted time series quasi-experimental design it
would be feasible to apply the multiple measurement of cognitive abilities before and
after students’ participation in different types and levels of competitions, in order to
draw more precise conclusions regarding the effect of competitions on critical thinking
and metacognition. In the interest of decreasing the response bias, on-line methods for
the measurement of metacognition are recommended, beside the applied self-reported
instrument.

The results of the study highlight the positive effects of competitions on students’
higher order cognitive abilities, the importance of competitions being organised by
educational institutions (schools, universities). Teachers and parents have a prominent
role in finding the field that students are the most interested in, in the identification of
their talents, in supporting their improvement in these fields, and in motivating them
to participate in competitions.

3.5. Study 4. The Moderating Effect of Competition Level, Competition Type,
Conference Attendance, Gender and Academic Discipline on the Relationship
between Critical Thinking and Learning Achievement

3.5.1. Introduction

Earlier studies demonstrated a positive, significant relationship between
students’ critical thinking and learning performance (Abueita et al., 2022; Akpur,
2020; Ali & Awan, 2021; Shahzadi et al., 2020). Competition attendance also is a
significant predictor of academic achievement (Chen et al., 2020; Chen & Chang,
2020; Makhdum et al., 2023). Besides broadening the subject-specific knowledge of
students participating in competitions, that contributes in a direct way to their eminent
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performance in the current subject as well. The development of critical thinking skills
also explains the positive relationship between competition attendance and learning
achievement (Akbar et al., 2022; Chiang et al., 2023; Greyling, 2023; Jatmiko et al.,
2020; Rif’at et al., 2022). Students solve numerous subject-specific tasks, problems
during the competitions, and in the competition preparation period, that contributes to
the improvement of their inductive thinking, through the detection of similarities
between the different tasks, they identify general problem-solving rules that they could
apply in solving similar tasks (Ersteniuk et al., 2020; Zubova et al., 2021). With the
help of deductive thinking, they could apply the general rules (for example
grammatical rules, mathematical formulas, physical laws) in specific task situations
(Rif’at et al., 2022; Yang et al., 2020).

The question occurs whether the level or the type of competition, or participation
in a scientific conference increases the strength of association between critical thinking
and learning achievement. Earlier studies also examined the effect of gender on the
relationship between critical thinking and learning performance, but the results of
these studies are contradictory (Darmaji et al., 2022; Igbal et al., 2021; Nwuba et al.,
2022; Purba, 2022). Beside all these, some earlier studies investigated the association
between critical thinking and learning achievement in the case of students with
different academic disciplines (Ali & Awan, 2021; Ibrahim et al., 2021), and the
differences between students learning at different academic majors (Igbal et al., 2021;
Shahzadi et al., 2020), so our study also tries to answer the question if there is a
difference in the relationship between critical thinking and learning performance
between students learning different academic disciplines.

3.5.2. Aims of the Study and Hypotheses

The main aim of this study was to explore moderator variables which influence
the relationship between critical thinking and learning performance measured in
baccalaureate results and academic achievement. More specifically, our aim was to
investigate the predictive effect of critical thinking on students’ learning achievement
and the moderating effect of competition level (no competition attendance, school-
level competition, county Olympiad, national Olympiad attendance), and of
competition type (no competition attendance, science subject, humanities, sports, and
art competition attendance) on the relationship between critical thinking and learning
achievement. Our further goal was to analyse the effect of participation in conferences
on the relationship between critical thinking and learning achievement. Beside the
investigation of the effect of these extracurricular activities on students’ learning
achievement, our aim was to examine the effect of students’ academic discipline
(social sciences, humanities, natural sciences, sport) and gender on the association
between critical thinking and learning achievement.

Based on the results of earlier studies and on the aims of the study the following
hypotheses were created:

1. Competition level has a significant predictive effect on students’ learning
achievement and has a significant moderating effect on the relationship between
critical thinking and learning achievement.
2. Competition type has a significant predictive effect on students' learning
achievement and has a significant moderating effect on the relationship between
critical thinking and learning achievement.
3. Conference attendance has a significant predictive effect on students' learning
achievement and has a significant moderating effect on the relationship between
critical thinking and learning achievement.
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4. Academic discipline has a significant predictive effect on students' learning
achievement and has a significant moderating effect on the relationship between
critical thinking and learning achievement.

5. Gender has a significant predictive effect on students' learning achievement and has
a significant moderating effect on the relationship between critical thinking and
learning achievement.

3.5.3. Methods

3.5.3.1. Participants

816 undergraduate students participated in the study. Most participants were
women (78.4%), first year (84.8%), full-time students (87.1%), the mean age was
21.71 years (SD = 7.09). 50% of the participants had social sciences, 16.7%
humanities, 25.7% natural sciences and 7.6% sports as an academic profile. 24.9% of
the students did not participate in any competitions, 30.4% attended school-level
competitions, 29.5% participated in county Olympiads and 15.2% in national
Olympiads. 20.1% of the students attended humanities/social sciences, 39.5% science
subject, 8.8% sports and 6.7% attended art competitions. Only 19.5% of the students
participated in conferences.

3.5.3.2. Instruments

A demographic questionnaire was used for measuring students’ socio-
demographic data (gender, age, study type — full time or distance learning, academic
year, academic discipline), mean baccalaureate result, academic achievement,
participation in competitions, competition level (school-level competition, county
level Olympiad, national Olympiad), competition type (science subject, humanities,
sports, art), participation in conferences.

For the assessment of students’ critical thinking ability, the Cornell Critical
Thinking Test Level Z — Hungarian language abbreviated version was used. The test
has forced-choice question format, including 22 items and four subscales: deduction
(5, 7, 8), meaning and fallacies (11, 17, 18, 20), induction (26, 27, 28, 29, 30, 32, 33,
34, 36, 37), assumption identification (46, 47, 48, 49, 50). The internal consistency of
the test (o = .601) is similar with the internal consistency results of earlier studies
applying the original test format (Ennis et al., 2005, Verburgh et al., 2013).

3.5.3.3. Research design

For the evaluation of the moderating effects of competition level, competition
type, conference attendance, academic discipline and gender on the association
between students’ critical thinking ability and learning achievement a correlational,
cross-sectional design was used. The predictor variable is critical thinking ability, the
outcome variables are baccalaureate and academic results, and the moderator variables
are competition level, competition type, conference attendance, academic discipline
and gender.

3.5.3.4. Data analysis

A priori power analysis via G¥Power3 (Faul et al., 2007) for hierarchical linear
regression based on type I error with a p-value of 0.05 and statistical power of 0.80
with four tested predictors (total number of predictors 9) showed that for a medium
effect size (f*= 0.15) the required sample size is n = 85, while for a small effect size
(= 0.02) the required sample size is n = 602. The moderator analyses were performed
using bootstrapping method, with Process macro version 4.0 (Hayes, 2022).

3.5.4. Results
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Students’ mean baccalaureate result was 8.29 (SD = .87), the mean academic
achievement was 9.12 (SD = .70), and their mean critical thinking ability was 11.78
(SD =3.24).

3.5.4.1. Level of competition as a moderator of the association between

critical thinking and learning performance

For the investigation of the moderating effect of level of competition on the
relationship between students’ critical thinking and baccalaureate results a moderator
analysis was performed. The overall moderation model is significant, indicating that
the competition level and critical thinking accounted for a 14.1% of the variance for
baccalaureate results [F (7, 808) = 21.982, p < .001, R* = .141]. Students’ critical
thinking is a significant predictor of baccalaureate results [b; = .076, t (808) = 3.652,
p < .001]. School-level competition attendance does not significantly predict
baccalaureate results [b, = .013, t (808) = .166, p = .868], but county Olympiad
attendance [b;=.315, t (808) = 3.823, p <.001] and national Olympiad attendance [b.
=.564,t (808) = 5.761, p < .001] are significant predictors of baccalaureate results.
The interaction effect of critical thinking and school-level competition for
baccalaureate results was not statistically significant [bs=-.003, t (808) = -.110, p =
913], similarly there was no significant interaction effect of critical thinking and
county Olympiad attendance [bs = -.020, t (808) = -.760, p = .447], respectively of
critical thinking and national Olympiad attendance [b;=.002, t (808) =.055, p =.956]
for baccalaureate results. It was revealed that level of competition is not a significant
moderator of the relationship between critical thinking and baccalaureate results [F (3,
808) =.340, p =.796, AR*= .001].

The moderating effect of level of competition on the relationship between critical
thinking and academic mean results was also tested. The overall moderation model is
significant, indicating that the competition level and critical thinking accounted for a
9.6 % of the variance for academic achievement [F (7, 808) = 16.932, p <.001, R* =
.096]. Students’ critical thinking is not a statistically significant predictor of academic
results [b; =-.024, t (808) = -1.556, p = .120]. School-level competition attendance is
a significant predictor of academic achievement [b,=.164, t (808) = 2.535, p=.011],
similarly county Olympiad attendance [b; = .299, t (808) = 4.450, p < .001],
respectively national Olympiad attendance [bs= .599, t (808) = 8.337, p <.001] are
significant predictors of academic results. The interaction effect of critical thinking
and school-level competition for academic mean results was statistically significant
[bs=.058, t (808) = 3.034, p = .003]. Similarly, there was a significant interaction
effect of critical thinking and county Olympiad attendance [bs=.047, t (808) = 2.362,
p =.018], respectively of critical thinking and national Olympiad attendance [b;=.061,
t (808) = 2.755, p = .006] on academic achievement. It was revealed that the level of
the competition is a significant moderator of the relationship between critical thinking
and academic achievement [F (3, 808) = 3.601, p = .013, AR?=.012]. In the case of
students who attended school-level competitions, with one unit increase of critical
thinking, academic achievement also increases by .034 points [b = .034, t (808) =
3.025, p = .003], in the case of students who attended national Olympiads one unit
increase of critical thinking is associated with the improvement of academic results by
.037 points [b=.037, t (808) = 2.334, p = .020] (Figure 1).
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Figure 1
The moderating effect of level of competition on the relationship between critical
thinking and academic mean results
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3.5.4.2. Type of competition as a moderator of the association between

critical thinking and learning performance

The overall moderation model regarding the moderating effect of type of
competition on the relationship between critical thinking and baccalaureate results is
significant, indicating that the competition types and critical thinking accounted for a
13.7 % of the variance for baccalaureate grades [F (9, 806) = 14.663, p <.001, R*> =
.137]. Students’ critical thinking is a statistically significant predictor of baccalaureate
results [b; =.076, t (806) = 3.662, p < .001]. Science-subject competition attendance
[b,=.267, t (806) = 2.918, p = .003], and humanities competition attendance [b; =
378, t (806) = 4.802, p < .001] are significant predictors of baccalaureate grades.
However, participation in sports [by = -.162, t (806) = -1.355, p = .176] and in art
competitions [bs = .004, t (806) = .025, p = .980] are not significant predictors of
baccalaureate results. The interaction effects of critical thinking and science subject
competition attendance [bs = -.035, t (806) = -1.293, p = .196], critical thinking and
humanities competition attendance [b; = -.012, t (806) = -.475, p = .635], critical
thinking and sports competition attendance [bs=.008, t (806) = .253, p =.801], critical
thinking and art competition attendance [bo=.047, t (806) = .994, p = .320] were not
statistically significant for baccalaureate test results. The moderating effect of type of
competition on the association between critical thinking and baccalaureate results is
not statistically significant [F (4, 806) = 1.162, p =.326, AR?>=.005].
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Figure 2
The moderating effect of type of competition on the relationship between critical
thinking and academic mean results
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Investigating the effect of type of competition on the relationship between
critical thinking and study mean results, our overall moderation model is significant,
competition type and critical thinking accounted for a 9.6 % of the variance for
academic grades [F (9, 806) = 10.110, p <.001, R? =.096]. Students’ critical thinking
does not significantly predict their mean study results [b; = -.024, t (806) = -1.561, p
=.119]. Science-subject competition attendance [b,=.295, t (806) =4.167, p <.001],
respectively humanities competition attendance [b; = .421, t (806) = 7.041, p <.001]
are significant predictors of academic achievement. Participation in sports [by=-.094,
t (806) =-.757, p = .450] and in art competitions [bs=.138, t (806) = 1.128, p = .260]
are not significant predictors of academic results. Significant interaction effects of
critical thinking and science subject competition attendance [bs=.065, t (806) = 3.115,
p = .002], respectively critical thinking and humanities competition attendance [b; =
.050, t (806) =2.714, p =.007] on students’ academic results were revealed. However,
the interaction effects of critical thinking and sports competition attendance [bg=.029,
t (806) = .948, p = .344], critical thinking and art competition attendance [by=.037, t
(806) =.898, p =.369] were not statistically significant. The moderating effect of type
of competition on the relationship between critical thinking and academic mean results
was statistically significant [F (4, 806) = 2.728, p = .028, AR>= .012]. In the case of
students who attended science subject competitions, with one unit increase of critical
thinking, academic achievement also increases by .041 points [b = .041, t (806) =
2.932, p = .004], in the case of students who attended humanities competitions, one
unit increase of critical thinking is associated with the improvement of academic
results by .026 points [b=.026, t (806) = 2.608, p =.009] (Figure 2).

3.5.4.3. The moderating effect of conference attendance on the relationship

between critical thinking and learning achievement

The overall moderation model including critical thinking ability as predictor
variable, conference attendance as moderator variable and baccalaureate achievement
as outcome variable, was statistically significant. Critical thinking and conference
attendance accounted for a 9.3 % of the variance for baccalaureate results [F (3, 812)
=28.485, p <.001, R? = .093]. Students’ critical thinking ability [b,=.077, t (812) =
8.607, p < 0.001] and participation in conferences [b, = .220, t (812) = 3.139, p =
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0.001] are significant predictors of baccalaureate grades, but the moderating effect of
conference attendance on the association between critical thinking and baccalaureate
results is not statistically significant [F (1, 812) = 1.167, p = .280, AR? = .002].

The moderation model including critical thinking ability as predictor variable,
conference attendance as moderator variable and academic achievement as outcome
variable, was statistically significant. Critical thinking and conference attendance
accounted for a 1.9 % of the variance for academic mean results [F (3, 812) = 6.402,
p <.001, R? = .019]. Students critical thinking ability [b, = .025, t (812) = 3.648, p <
0.001] and participation in conferences [b, = .145, t (812) = 2.411, p = 0.016] are
significant predictors of academic performance, but the moderating effect of
conference attendance on the association between critical thinking and academic
achievement is not statistically significant [F (1, 812) =.091, p =.763, AR? <.001].

3.5.4.4. The moderating effect of academic discipline on the relationship

between critical thinking and learning achievement

The moderation model testing the moderating effect of academic discipline
(multi-categorical variable with four levels: social sciences, humanities, natural
sciences, sports) on the relationship between critical thinking and baccalaureate results
is statistically significant [F (7, 808) = 15.650, p <.001, R?> =.12].

Students” critical thinking predicted positively their baccalaureate results [b;, =
.056, t (808) =4.253, p < 0.001], and sports academic discipline negatively predicted
students’ baccalaureate results [b,=-.607, t (808) =-3.904, p <0.001]. The moderating
effect of academic discipline on the association between critical thinking and
baccalaureate results is not statistically significant [F (3, 808) = .532, p = .660, AR?> =
.002].

The model testing the moderating effect of academic discipline on the
relationship between critical thinking and academic results is statistically significant
[F (7, 808) = 12.266, p <.001, R* =.071].

Humanities [b,=.259, t (808) =4.027, p < 0.001] and natural sciences [b;=.355,
t (808) = 6.557, p < .001] academic disciplines significantly predicted students’
academic achievement. The interaction effect of critical thinking and sports academic
discipline was statistically significant [by, = .067, t (808) = 2.364, p = .018]. The
moderating effect of academic discipline on the association between critical thinking
and academic results is not statistically significant [F (3, 808) = 2.434, p = .064, AR?
=.007].

3.5.4.5. The moderating effect of gender on the relationship between critical

thinking and learning achievement

Students’ critical thinking and gender accounted for a 9.3 % of the variance for
baccalaureate results [F (3, 812) = 25.775, p < .001, R*> = .093]. Students critical
thinking ability [b;=.073, t (812) = 8.119, p < 0.001] and their gender [b,=-.174, t
(812) = -2.325, p = 0.020] are significant predictors of baccalaureate performance,
indicating that females have higher baccalaureate mean results than males, but the
moderating effect of gender on the association between critical thinking and
baccalaureate mean scores is not statistically significant [F (1, 812) =3.315, p =.069,
AR? <.004].

Students’ critical thinking and gender accounted for a 2 % of the variance for
academic performance [F (3, 812) = 5.837, p <.001, R? =.020]. Only students' critical
thinking ability [b,;=.022, t (812) = 3.220, p = 0.001] significantly predicted students’
academic performance. The moderating effect of gender on the association between
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critical thinking and academic mean scores is not statistically significant [F (1, 812) =
1.989, p=.159, AR? <.002].
3.5.5. Discussion and Conclusions

The aim of the present study was the detailed investigation of some competition-
and education-related moderator variables’ effect on the relationship of one of the most
important 21 century skills, namely undergraduate students’ critical thinking and their
learning achievement. This is the first study that measured the moderating effect of
competition levels (school-level competitions, county- and national Olympiads),
competition types (science subject, humanities, sports, art), conference attendance and
academic disciplines (social science, humanities, natural science, sport) on the
association between critical thinking and learning performance.

The model investigating the moderating effect of competition level on the
association between critical thinking and baccalaureate mean results has shown that
critical thinking, county Olympiad and national Olympiad attendance were significant
predictors of baccalaureate achievement. The interaction effect of critical thinking and
competition level was not statistically significant. The model testing the moderating
effect of competition level on the relationship between critical thinking and academic
mean results revealed that critical thinking, school-level competition, county
Olympiad and national Olympiad attendance were significant predictors of academic
achievement, respectively the interaction effect of critical thinking and competition
level was statistically significant. Based on our results, the first hypothesis was partly
supported, as competition levels were significant predictors of learning achievement,
confirming the results of earlier studies that also found a positive relationship between
competition, Olympiad attendance and learning achievement (Chen & Chang, 2020;
Makhdum et al., 2023; Yang et al., 2020). Competition level was a significant
moderator of the association between critical thinking and academic results.

The model investigating the moderating effect of competition type on the
association between critical thinking and baccalaureate mean results demonstrated that
critical thinking, science subject and humanities competition attendance were
significant predictors of baccalaureate achievement, but the interaction effect of
critical thinking and competition type was not statistically significant. Similarly, the
model examining the moderating effect of competition type on the association between
critical thinking and academic mean results revealed that science subject and
humanities competition attendance were significant predictors of academic
achievement, the interaction effect of critical thinking and competition type was
statistically significant. The second hypothesis was partly supported by our results,
because within competition types, science subject and humanities competition
attendance were significant predictors of learning performance, and competition type
is a significant moderator of the relationship between critical thinking and academic
mean results. These results support the findings of earlier studies revealing the positive
effect of science subject competitions or Olympiads on students’ critical thinking
(Akbar et al., 2022; Chiang et al., 2023; Greyling, 2023; Rif’at et al., 2022).

The models testing the moderating effect of conference attendance on the
relationship between critical thinking and learning achievement revealed that critical
thinking and conference attendance are significant predictors of baccalaureate and
academic results, but the interaction effect of critical thinking and conference
attendance was not statistically significant. These results highlight the importance of
the organisation of extracurricular activities that could have a positive effect on
students’ learning achievement (Diaz-Iso et al., 2019; Feraco et al., 2022). We can
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conclude that the first part of our third hypothesis is confirmed, because conference
attendance is a significant predictor of learning achievement, but the second part of
the hypothesis, regarding the moderating effect of conference attendance, is not
supported by the results. That can be explained by a limitation of our study, namely
that the majority of participants were 1* year undergraduate students and the majority
of them did not participate in conferences.

Investigating the moderating effect of academic discipline on the association
between critical thinking and baccalaureate mean results it was revealed that critical
thinking and sports academic discipline (compared with social sciences profiles) were
significant predictors of baccalaureate achievement, but the interaction effect of
critical thinking and academic discipline was not statistically significant. Sports
academic discipline compared with social science academic discipline negatively
predicted students’ baccalaureate grades, indicating that sport profile students have
lower mean baccalaureate grades than social sciences students. Natural sciences and
humanities academic disciplines (compared with social sciences profiles) were
significant predictors of academic results, indicating that the natural science and
humanities academic disciplines are associated with higher academic achievement
(Ali & Awan, 2021; Ibrahim et al., 2021). A significant interaction effect of critical
thinking and sports academic discipline was found, revealing that in the case of sports
students the increase of critical thinking is associated with the increase of academic
results. However, the overall moderating effect of academic discipline is not
statistically significant, indicating that our fourth hypothesis is only partially
supported, which could be explained by the unequal distribution of participants based
on academic disciplines.

Gender is a significant predictor of baccalaureate results, females having higher
achievement than males (Ali & Awan, 2021; Darmaji et al., 2022; Igbal et al., 2021;
Nwuba et al., 2022), but is not a significant moderator of the relationship between
critical thinking and learning performance (Purba, 2022). The fifth hypothesis is partly
supported by these results, which can be explained by the unequal gender distribution
of students.

In order to reduce the limitations of this study, for the increase of its internal and
external validity, several future directions and improvements are suggested like the
replacement of the convenience sampling method with cluster sampling method, the
extension of the sample to Romanian- and English-speaking students, the more
detailed operationalisation of academic disciplines, the conduction of longitudinal
studies, the measurement of students’ critical thinking dispositions.

3.6. Study 5. The Improvement of Psychology and Special Education Students’
Critical Thinking and Meta-Comprehension Accuracy through the Concept
Mapping Method

3.6.1. Introduction

The improvement of higher order cognitive abilities, like critical thinking and
metacognition, beside the traditional teaching methods, like the explanation of the
material by the teacher and dictation, that require particularly memorisation, could be
reached more effectively with methods that require the active participation of students
in classes, the identification of the associations between the different items of
information, the systematisation and synthesis of the learned material through deep
information processing, like the concept mapping method (Barta et al., 2022; Carvalho
et al., 2020; Mohammadi et al., 2019; Powell et al., 2021; Stevenson et al., 2017).
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The detection of the relationships between the concepts contributes to the
activation of metacognitive processes, to the improvement of meta-comprehension
accuracy, as the hierarchical systematisation of the concepts promotes a more precise
monitorisation of the acquired knowledge and comprehension, students evaluate their
own knowledge more effectively, so they predict their academic or task performance
more accurately (Powell et al., 2021; Prinz et al., 2020; Yang et al., 2022). The
feedback on the actual performance, the discussion of the task also increases students’
meta-comprehension accuracy (Callender et al., 2016; Carpenter et al., 2019;
Stevenson et al., 2017). The high level of meta-comprehension accuracy leads to the
increase of students’ academic achievement, because the chance of over- or
underestimating their own knowledge decreases, they detect more precisely those
items of information that need to be deepened for the increase of their own
achievement (Cai et al., 2019; Edossa et al., 2023; Hassan et al., 2022; Jansen et al.,
2020; Muncer et al., 2021; Oppong et al., 2019; Souhila, 2022; Xue et al., 2021). The
understanding of the associations between the different items of information activate
students’ critical thinking processes, like recognition of assumptions, induction,
deduction, inference (Barta et al., 2022). Students identify more effectively the
information, rules, premises needed for the resolving of given tasks and problems, that
result in more precise and more objective conclusions (Barta et al., 2022; Carvalho et
al., 2020; Khrais & Saleh, 2020; Silva et al., 2022; Roshangar et al., 2020).

The role of critical thinking and meta-comprehension accuracy is very important
in interpreting and in estimating the validity of psychology-themed scientific works.
The improvement of critical thinking abilities and meta-comprehension enables
distinguishing between scientific and unscientific sources on the internet, drawing the
correct conclusions from research results, acquiring information from multiple
resources in the interest of the correct generalisation of the results (Beauvais, 2022).
The aim of the present study beside the improvement of students’ critical thinking and
meta-comprehension accuracy, is the increase of the psychological scientific text
comprehension ability with the concept mapping and feedback methods.

3.6.2. Aims of the Study and Hypotheses
The main aim of this study is testing the effect of the concept mapping method
compared with the traditional learning method (rereading) for the improvement of
Psychology and Special education students’ critical thinking and meta-comprehension
accuracy regarding scientific psychological texts. Our further aim is the investigation
of the concept mapping method’s effectiveness on students’ psychological scientific
text comprehension. Additionally, we also analyse the effect of giving feedback on
concept maps on critical thinking, meta-comprehension accuracy and text
comprehension achievement, as well as the differences between the rereading group
(i.e. traditional learning, waiting list group) the feedback receiving group and the one
receiving no feedback.
Based on the theoretical background the following hypotheses were formulated:
1. There is a significant improvement of critical thinking in the experimental groups
(the concept mapping with and without feedback groups), whereas in the rereading
group (waiting list group) there will be no significant improvement of critical
thinking.

2. The concept mapping method has a significant effect on students’ meta-
comprehension accuracy; the use of the concept mapping method in the
experimental groups (the concept mapping with and without feedback groups)
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results in more accurate text comprehension judgments than in the rereading group
(waiting list group).

3. The concept mapping method has a significant effect on students’ text
comprehension achievement; students in the concept mapping groups (with and
without feedback) perform better at psychological text comprehension tests than
students in the rereading group (waiting list group).

3.6.3. Methods

3.6.3.1. Participants

A total of 82 Psychology and Special Education students from Babes-Bolyai
University were randomly assigned to the concept mapping with feedback (n = 27),
concept mapping without feedback (n = 28) or to the waiting list (rereading) group (n
=27). 23 participants (10 concept mapping with feedback, 9 concept mapping without
feedback and 4 waiting list — rereading) did not complete post and follow-up measures
of critical thinking. 59 participants (17 concept mapping with feedback, 19 concept
mapping without feedback and 23 waiting list — rereading) were included in the data
analysis regarding critical thinking (Figure 1), and 78 participants in data analysis
regarding meta-comprehension. The attrition rate for critical thinking outcome in the
concept mapping with feedback group was 37%, in the concept mapping without
feedback group was 32.1% and in the waiting list (rereading group) was 14.8%, for
meta-comprehension outcomes the attrition rate in the concept mapping with feedback
and rereading groups was 7.4%, and in the concept mapping without feedback group
was 0%. 93.6% of the participants were females, 89.7% of them studied Psychology.
61.5% were first year, 20.5% were second year and 17.9% were third year students,
their mean age was 20.22 years (SD = 1.66).

3.6.3.2. Instruments

In a demographic questionnaire students’ gender, age, academic discipline and
study year were assessed.

For the measurement of students’ critical thinking ability, a test was elaborated
on the basis of two subscales, deduction and induction, of the Cornell Critical Thinking
Test Level Z (Ennis et al., 2005), with the same instructions and the same internal
structure. The deduction section consisted of 12, while the induction section of 10
items. The test has a forced-choice, dichotomous answer format.

The students created the concept maps based on five short texts, psychology
research summaries with equal length and difficulty regarding the subject of
psychological well-being during the Covid-19 pandemic. Their text comprehension
achievement was assessed with five short tests regarding the read texts, with 5
questions and 4 possible answers. The following item was used for the measurement
of meta-comprehension: ,Estimate on a 6-point Likert scale your comprehension of
the read text and your answering accuracy in the following test regarding this text: 0 -
I didn’t understand at all, I couldn’t answer correctly any questions regarding this text,
6 - I understood it completely, I could answer correctly all the five questions regarding
the text.
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Figure 1
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Three indicators of meta-comprehension accuracy were computed. Absolute
meta-comprehension accuracy was determined as the absolute error and as the
confidence bias. Absolute error was calculated as the absolute difference between
predicted and actual performance, and confidence bias as the signed difference
between predicted and actual performance (Schraw, 2009; Wiley et al., 2016). Relative
meta-comprehension accuracy was the third indicator. For each participant the
intraindividual Pearson correlation between his or her prediction and actual
achievement was calculated, higher correlation coefficients indicating better relative
meta-comprehension accuracy across the texts (Griffin et al., 2008; Wiley et al., 2016;
Zhang & Wang, 2014).

3.6.3.3. Research design

A randomised controlled trial, mixed 3 (method: concept mapping with
feedback, concept mapping without feedback and waiting list — rereading) x 3
(measurement time: pretest, posttest and follow-up) factorial design was applied. The
effect of independent variables (method and time) was tested on the following
dependent variables: critical thinking, text comprehension achievement, prediction
(judgement) regarding the text comprehension, meta-comprehension accuracy.

3.6.3.4. Procedure

Before the pretest students gave their informed consent to participate in the study.
In the pretest the demographic questionnaire and the critical thinking test were
completed. After the pretest the students were allocated randomly into one of the three
groups: concept mapping with feedback, concept mapping without feedback and
rereading (waiting list) group.

In the two concept mapping groups the first session was a two-hour training in
the concept mapping method, practice in concept map construction: elaboration of a
concept map by the students on the basis of an example text, the evaluation and
discussion of an expert concept map elaborated based on the same text. During the
next five sessions in the two experimental groups the students created a concept map
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individually based on the given psychological text (in 30 minutes). After the
elaboration of the concept maps, they answered the question regarding their meta-
comprehension and after this, they completed the text comprehension test. In one of
the experimental groups, the students received feedback at the end of the sessions in
the form of interactive discussion of the text and the possible relationships among the
concepts. In the rereading (waiting list) group students reread the text for 10 minutes,
then they answered the question regarding their meta-comprehension and completed
the text comprehension test. After the intervention period students completed the
critical thinking test as a posttest, and two months after the posttest they also
participated in a follow-up measurement of critical thinking. The rereading, waiting
list group participated in the concept mapping with feedback method after the follow-
up measurement.

3.6.3.5. Data analysis

A priori power analysis via G*Power3 (Faul et al., 2007) for mixed ANOVA
based on type I error with a p-value of 0.05 and statistical power of 0.80 with three
groups and three measurements showed that for a medium effect size (f = 0.25) the
required sample size is n = 36; for one-way ANOVA based on type I error with a p-
value of 0.05 and statistical power of 0.80 with three groups showed that for a medium
effect size (f'= 0.25) the required sample size is n = 159.

A mixed 3 (method: concept mapping with feedback, concept mapping without
feedback, rereading) x 3 (measurement time: pretest, posttest, follow-up) ANOVA test
was conducted to assess the effect of method and time on students’ critical thinking.
One-way ANOVA tests were conducted for the assessment of the effect of the method
on students’ text comprehension performance, predictive judgement and meta-
comprehension accuracy.

3.6.4. Results

3.6.4.1. The effect of the concept mapping and feedback methods on

students’ critical thinking

A 3 x 3 mixed ANOVA test was conducted to assess the effect of time and the
method on students’ critical thinking. Preliminary analysis indicated that the
assumptions of two-way mixed ANOVA were met.

The main effect of time was statistically significant, F (2, 112)=23.54, p <.001,
Ny’ = .296, indicating that 29.6% of the variance for critical thinking was explained by
the within-subjects variable, students having lower critical thinking scores in the
pretest (M = 13.41, SD = 2.05), than in the post test (M = 15.27, SD = 2.41) and in
follow-up measures (M = 15.08, SD =2.25).

The main effect of the method was also statistically significant, F (2, 56) = 5.52,
p = .006, n,> = .165, indicating that 16.5% of the variance for critical thinking was
explained by the between-subjects variable. Due to the unequal sample size of the
groups Scheffe post hoc comparisons were conducted to evaluate pairwise differences
between the levels of the between-subjects variable (method). Pairwise comparisons
indicated a statistically significant difference in critical thinking between the concept
mapping with feedback group (M = 15.41, SD = 1.82) and the waiting-list group
(rereading group) (M = 13.85, SD = 2.08), p = .007. There was no statistically
significant difference in critical thinking between the concept mapping with feedback
and concept mapping without feedback (M = 14.74, SD = 2.23) groups, p = .401,
neither between the concept mapping without feedback and the rereading groups, p =
.169.
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Figure 2
The effect of the concept mapping and feedback methods on students’ critical
thinking
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Additionally, there was a statistically significant interaction between time and
method, F (4, 112) = 6.462, p < .001, 1,2 = .188, indicating that time and method
accounted for a 18.8% of the variance for critical thinking. Students in the concept
mapping with feedback group achieved higher scores of critical thinking at the posttest
(M =17.06, SD = 1.98) and at the follow-up (M = 16.24, SD = 1.60) than at the pretest
(M =12.94, SD = 1.89). Students in the concept mapping group without feedback also
performed better on the critical thinking test at the posttest (M = 15.21, SD = 2.46)
and at the follow-up (M = 15.47, SD = 1.95) measures than at the pretest (M = 13.53,
SD = 2.27). Nevertheless, in the control (rereading) group the critical thinking scores
were similar at the pretest (M = 13.65, SD =2.01), the posttest (M = 14.00, SD = 1.81)
and the follow-up (M = 13.91, SD = 2.41) measures (Figure 2).

3.6.4.2. The effect of the concept mapping and feedback methods on

students’ text comprehension performance, predictive judgements, and

meta-comprehension accuracy

One-way ANOVA tests were conducted for the assessment of the effect of the
concept mapping method and feedback on students’ text comprehension performance,
predictive judgements and meta-comprehension accuracy. Levene’s test indicated that
the assumption of homogeneity for text comprehension performance was met, Fievene
(2,75) =.569, p =.569. The effect of the method was statistically significant for text
comprehension achievement, F (2, 75) = 6.285, p = .003, n,> = .144, indicating that
14.4% of the variance for text comprehension performance was explained by the
applied text comprehension method. The results of the Scheffe post hoc test indicated
a statistically significant difference in text comprehension scores between the concept
mapping with feedback (M = 3.09, SD = .83) and rereading group (M = 2.42, SD =
.70), p=.01. Similarly, there was a significant difference between the concept mapping
without feedback (M = 3.05, SD = .71) and the rereading group, p = .013. No
statistically significant difference was detected between the concept mapping (with
and without feedback) groups, p = .983.

The assumption of homogeneity for the predictive judgement was met, Freyene (2,
75) = .061, p = .941. The effect of the method was statistically significant for the
predicted performance, F (2, 75) = 7.156, p = .001, n,> = .16, indicating that 16% of
the variance for the prediction regarding text comprehension was explained by the
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applied method. The results of the Scheffe post hoc test indicated a statistically
significant difference in predictive judgements between the concept mapping with
feedback (M = 3.32, SD =.79) and rereading groups (M =2.61, SD =.77), p =.007.
Similarly, there was a significant difference in the prediction scores between the
concept mapping without feedback (M =3.31, SD = .76) and the rereading group, p =
.006. No statistically significant difference was detected between the concept mapping
(with and without feedback) groups, p =.999.

The majority of students were overconfident, 61.5% of the confidence bias
scores were higher than 0, 33.3% of the students underestimated their achievement on
the text comprehension test.

The assumption of homogeneity for confidence bias, Fievene (2, 75) = .647, p =
.526, and for absolute error, Fievene (2, 75) = 1.045, p = .357, was met. The effect of the
method was not statistically significant for confidence bias, F' (2, 75) = .064, p = .938,
M,2 = .001, neither for absolute error, F (2, 75) = .509, p = .603, 1,2 = .013. Based on
the Levene’s test result, the assumption of homogeneity for relative meta-
comprehension accuracy was violated, Feyene (2, 75) = 7.361, p = .001. The results of
Welch's ANOVA were further analyzed, indicating that the applied method had a
statistically significant effect on relative meta-comprehension accuracy, Fween (2,
44.715)=4.704, p=.014.

Figure 3
The effect of the concept mapping and feedback methods on students’ meta-
comprehension accuracy
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The Games-Howell post hoc test indicated a statistically significant difference
in relative meta-comprehension accuracy between the concept mapping with
feedback (M = .47, SD = .24) and rereading group (M = .13, SD = .51), p=.011. No
statistically significant difference was detected between the concept mapping without
feedback (M = .43, SD = .48) and the rereading groups, p = .077, neither between the
concept mapping (with and without feedback) groups, p =.908 (Figure 3).

3.6.5. Discussion and Conclusions

The main aim of this study was the improvement of Psychology and Special
education students’ critical thinking ability, meta-comprehension accuracy and
scientific text comprehension through the concept mapping and feedback methods.

Significant main effects of time and method on students’ critical thinking ability
were found, and a significant interaction effect of time and method was detected.
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Students applying the concept mapping method and receiving group feedback
performed significantly better on the posttest and the follow-up in the critical thinking
test than the rereading group (Carvalho et al., 2020; Mohammadi et al., 2019;
Roshangar et al., 2020; Tseng, 2019). The concept mapping group without feedback
didn’t achieve significantly better results in the critical thinking test than the rereading
group, but there is a tendency of increase in their scores from the pretest to the posttest.
In the rereading group, the critical thinking scores of students were similar each time
they were measured. There was no statistically significant difference between the
concept mapping with and without feedback groups in critical thinking. The first
hypothesis is partially confirmed by the results, critical thinking in the concept
mapping with feedback group showed significant improvement, while in the rereading
group the results were similar during pretest, posttest and follow-up.

Similarly, a significant effect of the method on students’ predictive judgements
regarding their performance in the text comprehension test was observed. Students in
the concept mapping groups predicted a significantly higher achievement than students
in the rereading group. The concept mapping method increased their confidence
regarding the comprehension of the texts. No statistically significant difference was
detected between the two concept mapping groups in the predicted performance.

Our results showed no statistically significant difference in students’ absolute
meta-comprehension accuracy between the three groups, measured in absolute error
and confidence bias. The majority of students were overconfident, 61.5% of the
confidence bias scores were higher than 0, 33.3% of the students underestimated their
achievement on the text comprehension test. However, a significant effect of the
method was established on students’ relative meta-comprehension accuracy. In the
concept mapping group with feedback, the correlation between the predicted and
actual performance, i.e. students’ meta-comprehension accuracy was significantly
higher than in the rereading group (Powell et al., 2021; Stevenson et al., 2017). No
statistically significant difference was detected between the concept mapping without
feedback and rereading groups, nor between the two concept mapping groups. The
elaboration of the concept maps and the feedback, additional instructions, collective
discussion of the read texts increased the effectiveness of the concept mapping method
for the enhancement of students’ meta-comprehension accuracy (Callender et al.,
2016; Carpenter et al., 2019; Stevenson et al., 2017). Based on our results, the second
hypothesis is partly accepted. No significant effect of the method was found on
students’ absolute meta-comprehension accuracy, but the concept mapping method
with feedback had a significant positive effect on relative meta-comprehension
accuracy.

Regarding students’ text comprehension achievement, a significant effect of the
concept mapping method was detected. Students in the two concept mapping groups
(with and without feedback) performed significantly better at text comprehension tests
than students in the rereading group. The concept mapping method is an effective
learning method for the enhancement of students’ comprehension (Powell et al., 2021),
because it requires the activation of higher order cognitive abilities, like metacognitive
strategies for the interpretation, deep analysis, and identification of relevant
relationships in the read text (Stevenson et al., 2017). No statistically significant
difference was found between the concept mapping with and without feedback groups
in comprehension performance. Our third hypothesis is supported by the results, the
text comprehension of the students in the concept mapping groups (with and without
feedback) was better than that of the students in the rereading group.
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The majority of the limitations of this study can be attributed to the convenience
sampling method and replacing it with the stratified sampling method is suggested for
future studies. The high attrition rate could also reduce the internal and external
validity of the results. The improvement of students' intrinsic and extrinsic motivation
for the increase of their active participation, and the optimisation of the time-
effectiveness of the concept mapping method elaboration would also be meritorious in
further studies. The online nature of the experiment, the absence of personal
interaction could also explain the high attrition rate and the weaknesses of the
applicability of the feedback method. A future direction is the application of the
concept mapping and feedback methods in face-to-face format, and the comparison of
the effectiveness of the individual, the collaborative, the paper-pencil and the digital
concept mapping elaboration forms for the improvement of 21* century skills.

CHAPTER IV. GENERAL CONCLUSIONS AND IMPLICATIONS
4.1. General Conclusions

The first main objective of this thesis was to investigate the concept mapping
method effectiveness for the improvement of students’ critical thinking skills and
dispositions, and to compare the effectiveness of this method with the traditional
teaching method (Study 1). To address this objective, a meta-analysis was conducted,
in which we also examined the impact of the concept mapping method on
subcomponents of critical thinking skills and dispositions. Our overall results showed
moderate effects of the concept mapping method compared with the control condition
(traditional learning method) for critical thinking ability and disposition outcomes. A
significant relationship between gender and critical thinking disposition ES was
established, gender is a significant moderator of the effect of the concept mapping
method on critical thinking disposition. Students’ gender, age, educational level, the
number of concept maps created by them, concept mapping elaboration methods
(collaborative, digital) had no significant moderating effects on critical thinking ability
ES. The allocation type was found to be a significant moderator for critical thinking
ability ES. The allocation type was not a significant moderator for critical thinking
disposition ES, which could be explained with the reduced number of studies
measuring critical thinking disposition.

The second main goal of the thesis was the validation of the Metacognitive
Awareness Inventory (MAI) (Harrison & Vallin, 2018; Moxon, 2022; Schraw, &
Dennison, 1994) (Study 2 A) and the Cornell Critical Thinking Test Level Z (CCTT
Level Z) (Alias et al., 2022; Ennis et al., 2005 Imperio et al., 2020 Leach et al., 2020)
in Hungarian language (Study 2 B). Due to the lack of results regarding the factorial
structure of the CCTT Level Z the main objective of Study 2 A was the comparison of
several factorial models (correlated and hierarchical) translated into Hungarian
language. The abbreviated 22-item four-factor second-order Hungarian version of the
CCTT exceeded our criteria for excellent model fit (Hu, & Bentler, 1999; Kline, 2015).
The results regarding the measurement invariance test of the 22-item Hungarian
version of the CCTT indicated configural and scalar invariance across genders, the
two tested models having acceptable fit indices for both the male and the female
groups. Similarly, based on the contradictory results regarding the factorial structure
of the MALI, the main objective of Study 2 B was the investigation and the comparison
of the validity and factorial structure of the 52-item version of MAI proposed by
Schraw and Dennison and the 19-item version of MAI proposed by Harrison and Vallin
on a sample of Hungarian native language students. Based on the CFA results the 52-
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item Schraw and Dennison model indicated unacceptable GFI, CFI and TLI values
(Hu & Bentler, 1999), but the 19-item Harrison-Vallin model indicated acceptable and
excellent model fit indices on every evaluated criterion (Awang, 2012; Hu & Bentler,
1999; Kline, 2015). Measurement invariance across genders was tested on our better
fitted 19-item Harrison-Vallin model, applying a series of multigroup-CFAs. The four
tested models (configural, metric, scalar, and residual) indicated acceptable model fit
indices for both gender groups.

The third main aim of this doctoral thesis was to examine the differences in
cognitive skills between students attending and not attending competitions,
respectively the main and interaction effects of the participation of students in different
types (science subject, humanities and social sciences, sports, art) and levels (school-
level competition, county Olympiad and national Olympiad attendance) of
competitions on their critical thinking and metacognition (Study 3). The results of the
study indicated significant effects of the level and type of competitions on students’
critical thinking skills and their metacognitive awareness. Significant differences were
found in critical thinking between students not attending competitions and students
attending Olympiads. Students attending science subject and humanities competitions
had significantly higher critical thinking scores than students not attending
competitions and students who participated in sports competitions. Students attending
national level Olympiads had higher metacognitive knowledge than students who
attended lower-level competitions.

The fourth main goal of the thesis was to test the predictive effect of critical
thinking on students’ learning achievement and the moderating effect of competition
level, competition type, conference attendance, academic discipline, and gender on the
association between critical thinking and learning performance (Study 4). The results
of the moderation analyses regarding the moderating effect of competition level on the
association between learning results (operationalised with baccalaureate and academic
mean results) indicated that critical thinking, county Olympiad and national Olympiad
attendance were significant predictors of baccalaureate and academic achievement.
The interaction effect of critical thinking and competition level on baccalaureate
results was not statistically significant, but the level of competition was a significant
moderator of the association between critical thinking and academic results. The
results of the moderation analyses regarding the moderating effect of competition type
on the relationship between critical thinking and learning performance, revealed that
critical thinking, science subject and humanities competition attendance were
significant predictors of baccalaureate achievement and academic achievement, the
interaction effect of critical thinking and competition type on academic achievement
was statistically significant, but the interaction effect of critical thinking and
competition type on baccalaureate performance was not statistically significant. The
results of moderation analyses regarding the predictive and moderating effect of
conference attendance on students’ learning results, indicated that critical thinking and
conference attendance are significant predictors of baccalaureate and academic results,
but the interaction effect of critical thinking and conference attendance was not
statistically significant. This insignificant result can be explained by the tendency that
the majority of students do not participate in conferences in their first academic year.
Examining the moderating effect of academic discipline on the association between
critical thinking and baccalaureate mean results it was revealed that critical thinking
and sports academic discipline (compared with social sciences profiles) were
significant predictors of baccalaureate achievement, but the interaction effect of
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critical thinking and academic discipline was not statistically significant. Natural
sciences and humanities academic disciplines (compared with social sciences profiles)
were significant predictors of academic results. A significant interaction effect of
critical thinking and sports academic discipline was found. Nevertheless, the overall
moderating effect of academic discipline is not statistically significant. The
moderation analyses regarding the predictive and moderating effect of gender,
revealed that gender is a significant predictor of baccalaureate results, females having
higher achievement than males, but is not a significant moderator of the relationship
between critical thinking and learning performance (Purba, 2022).

The fifth main aim of this thesis was to investigate the effect of the concept
mapping method compared with the traditional learning method (rereading) for the
improvement of Psychology and Special education students’ critical thinking and
meta-comprehension accuracy regarding scientific psychological texts (Study 5). The
further aim of the Study 5 was the examination of the concept mapping method’s
effectiveness on students’ psychological scientific text comprehension and to test the
effect of giving feedback on concept maps on critical thinking, meta-comprehension
accuracy and text comprehension performance. The results indicated that critical
thinking in the concept mapping with feedback group showed significant
improvement, while in the rereading group the results were similar during pretest,
post-test and follow-up. No significant effect of the method was found on students’
absolute meta-comprehension accuracy, but the concept mapping method with
feedback had a significant positive effect on relative meta-comprehension accuracy.
The text comprehension of the students in the concept mapping groups (with and
without feedback) was better than that of the students in the rereading group.

4.2. Implications of the Study
4.2.1. Theoretical and Conceptual Implications

The present doctoral thesis approaches academic excellence as a characteristic
of students with high learning achievement that is attainable through the accumulation
of expertise with the active participation in supplementary activities, like participation
in conferences, competitions, Olympiads, beside the compulsory education, which
improve their 21* century cognitive abilities, like critical thinking and metacognition.

Study 1 is the first meta-analysis considering not only the effect of the concept
mapping method on critical thinking ability and disposition, but also investigate the
method’s effectiveness on different subcomponents of critical thinking abilities and
dispositions. The results highlight a moderate effect of the concept mapping method
on students’ critical thinking ability and disposition compared with the traditional
learning method. The effect of concept mapping differs in diverse critical thinking
ability and disposition subcomponents, it is more useful for the improvement of critical
thinking abilities, such as recognition of assumptions, induction, deduction, inference,
and dispositions, like analyticity, inquisitiveness, open-mindedness, truth-seeking,
than the traditional teaching method. Similarly, this is the first meta-analysis that
included studies conducted with students having different learning profiles and
academic levels and treating these study-related variables as moderators. Previous
meta-analysis restricted the included studies to profile-specific student samples
(Romanko, 2016; Yue et al., 2017). Another innovation of this meta-analysis is the
examination of the moderating effects of concept mapping elaboration methods
(number of concept maps constructed, collaborative elaboration, computerised
method), compared with previous meta-analyses that did not take into consideration
the possible moderating effects of the characteristics of the concept mapping method
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(Romanko, 2016; Yue et al., 2017). It is also a contribution to the literature that in our
meta-analysis we included randomised, as well as non-randomised research, and the
moderating effect of the randomisation process was also tested. Except for the
randomisation process (for critical thinking ability) and gender (for critical thinking
disposition), the tested moderating effects were not significant.

Study 3 is also an innovative one, being the first study that examined the effect
of different types and levels of competitions on students’ higher order cognitive
abilities, respectively contributing to the literature with results regarding the effects of
competition attendance on students' critical thinking and metacognitive awareness.
The results of this study indicated the positive effects of competition attendance on
students’ 21* century cognitive skills, students participating in competitions having
higher critical thinking ability and metacognitive knowledge than students not
attending competitions. The critical thinking scores of students who participated in
county or national Olympiads are higher than those of students who didn’t participate
in competitions. Students attending science subject, humanities and social sciences
competitions achieved higher critical thinking scores than students not attending
competitions and students attending sports competitions. Regarding the effect of
competition level on students’ metacognitive awareness, we found a significant main
effect, but the effect of competition type on metacognition was not statistically
significant.

The aim of Study 4 was the investigation of some competition- and education-
related moderator variables’ effect on the relationship of one of the most important 21
century skills, namely undergraduate students’ critical thinking and their learning
achievement. This is the first study that measured the moderating effect of competition
levels (school-level competitions, county- and national Olympiads), competition types
(science subject, humanities, sports, art), conference attendance and academic
disciplines (social science, humanities, natural science, sport) on the association
between critical thinking and learning performance. The results revealed the positive
effect of participation in higher level competitions, in Olympiads, in conferences, on
students' learning achievement. The association between critical thinking and
academic achievement is stronger in the case of students who attended Olympiads
from science subjects or humanities disciplines. Teachers, professors, educators, other
academic employees, parents, and students could apply in practice the findings of this
study that highlight the moderating and positive role of competitions and conferences
on students’ critical thinking and academic achievement.

Study 5 is the first study addressing the development of Psychology and Special
education students’ critical thinking, meta-comprehension accuracy and text
comprehension achievement regarding psychological scientific texts, with the concept
mapping and feedback methods. The results of the study highlighted that the critical
thinking of students who elaborated concept maps and received feedback improved
significantly, compared with the students who only reread the text. Providing feedback
on the concept maps, the collective discussion of the read text improves the
effectiveness of the concept mapping method for the enhancement of critical thinking.
Students in the concept mapping with feedback and concept mapping without
feedback groups demonstrated higher confidence regarding their text comprehension
achievement. The three compared groups had similar results regarding confidence
bias, the majority of students were overconfident regarding their text comprehension
performance. The results also showed that the concept mapping method, together with
the feedback method is effective for the enhancement of relative meta-comprehension
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accuracy, calculated as the correlation between the predicted and actual text
comprehension achievement of students. Students participating in the concept
mapping groups, with or without feedback, also achieved better results at scientific
text comprehension tests than students in the rereading group.

4.2.2. Methodological Implications

One of the main methodological implications of this thesis is the translation and
validation into Hungarian language of the first instruments that measure students’
critical thinking and metacognitive awareness. In Study 2 A our objective was to
investigate the factorial structure of the CCTT Level Z. The CCTT Level Z is an
extensively used instrument for the measurement of students’ critical thinking in
educational, cognitive psychology studies (Frost et al., 2019; Heidari, 2020;
Kusumoto, 2018; Saud, 2020), however, there is a lack of empirical studies in the
literature investigating the factorial structure of the CCTT Level Z. This is the first
study that aimed at the comparison of different factorial structures of the CCTT level
Z. Based on the recommendations of the authors of the test (Ennis et al., 2005), beside
the unidimensional model, we also tested and compared several correlated and
hierarchical factorial models (two-factor models: deductive reasoning, inductive
reasoning; three-factor models: deduction, induction, meaning and fallacies; four-
factor models: deduction, induction, meaning and fallacies, assumption identification)
translated into Hungarian language. The results revealed that the four-factor structure
of the test, including four higher order cognitive abilities within the general critical
thinking factor, namely the deduction, meaning and fallacies, induction and
assumption identification factors, is the most applicable, reliable and valid model for
the measurement of critical thinking of undergraduate Hungarian-speaking students
from Babes-Bolyai University. Post hoc inspection of the four-factor second-order
structure indicated a 22-item shortened version of the test with excellent fit indices.
The results of the invariance test revealed configural and scalar invariance across
genders of the 22-item four-factor structure Hungarian version of the CCTT. The
translated and validated Hungarian version of the CCTT level Z, is a very important
instrument for the empirical measurement of critical thinking skills in education, and
in different work environments. The empirical measurement of students’ critical
thinking provides information about their level of thinking skills and promotes the
identification of those skills that require further development in educational context.
Study 2 B is the first study that compared the validity and factorial structure of the 52-
item version of MAI proposed by Schraw and Dennison (1994) and the 19-item
version of MAI proposed by Harrison and Vallin (2018), because of the contradictory
results regarding the MATI’s factor and item structure. The results demonstrated that
the 19-item two-factor structure (metacognitive knowledge and metacognitive
regulation) of MAI developed by Harrison and Vallin, compared with the 52-item
version proposed by Schraw and Dennison, proved to be more valid and reliable,
having better model fit indices on Hungarian native language undergraduate student
sample, and it is reliably applicable for the measurement of students’ metacognitive
knowledge and regulation, independently of gender.

Study 5 brings methodological contributions to the literature as well. Firstly, the
summaries of the psychological empirical studies regarding the topic of psychological
well-being during the COVID-19 pandemic, read by the students, can be applied in
future studies or in educational practice as a part of the assessment of meta-
comprehension accuracy, or text comprehension, or in different Psychology courses,
or seminars. Secondly, the elaborated text comprehension tests, can also be used in
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future research or in educational context as an objective instrument for the
measurement of students’ scientific psychological text comprehension achievement.
Finally, we also adapted two subscales (deduction and induction) of Cornell Critical
Thinking Test Level Z for psychological topics, retaining its internal structure and
instructions. The critical thinking test regarding psychological research and concepts
can be applied in future studies for the measurement of students’ deduction and
induction.
4.2.3. Practical Implications

The findings of the meta-analysis in Study 1 draw attention to the effectiveness
of the concept mapping method as an active learning, metacognitive regulation
strategy for teaching and applying it in educational settings. The deep processing of
course material and the exploration of the relationships between relevant concepts
presuppose the functioning of metacognitive processes, which are activated using the
concept mapping method (Khine et al., 2019, Powell et al., 2021; Stevenson et al.,
2017). The method can be applied in a variety of ways, either in paper-pencil or digital
format, individually or in groups, and the introduction of the method to students is
time and energy efficient. Providing feedback on the created concept maps further
enhances the effectiveness of the method in promoting cognitive processes (Kaddoura
et al., 2016; Powell et al., 2021; Stevenson et al., 2017), as well as academic
performance (Dmoshinskaia et al., 2021; Joseph et al., 2017).

The findings of Study 5 are very important from a practical point of view as well.
The application of the learned concept mapping method during the experiment resulted
in the development of students’ critical thinking, respectively in higher text
comprehension achievement and meta-comprehension accuracy. Similarly, the use of
feedback in the form of group discussion regarding the concept maps and the
interpretation of the texts resulted in higher levels of critical thinking, text
comprehension performance and meta-comprehension accuracy. The results of this
study are usable in educational, teaching context, highlighting that the concept
mapping method, giving feedback on the concept maps, the interactive discussion of
the read scientific information, the clarification of the associations between the
scientific concepts develop students’ critical thinking, have a positive effect on their
meta-comprehension accuracy, on the estimation of the profoundness of the
information processing and of their own performance, respectively on their text
comprehension achievement.

4.3. Limitations and Future Directions

Beside the theoretical, methodological, and practical implications of our results,
the present thesis has some general limitations that should be considered in the
interpretation and generalisation of the results and may serve as a guide for future
research. First, the number of studies included in the meta-analysis regarding the
concept mapping method effectiveness for students’ critical thinking disposition is
reduced, which can affect the generalisability of the results. In the moderator analysis
some subgroups were underrepresented due to the reduced number of studies
involving secondary school students, as well as digital and collaborative concept
mapping elaboration methods. Based on these limitations, future studies should focus
on the examination of the concept mapping method’s effectiveness on students’ critical
thinking dispositions, not only in the case of college students, but also in secondary
education. It would be meritorious to investigate the method’s effectiveness,
considering the expertise, the earlier experience in the application of the method.
Future studies could test the method’s effectiveness in the case of students with
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different science and humanities disciplines and could apply the digital and
collaborative forms of the method for improving students’ critical thinking. The
comparison of the traditional, paper-pencil concept mapping method with the digital
and collaborative forms, and with other active learning methods such as mind
mapping, argument mapping, flipped learning model, problem-based learning model
would also be beneficial.

A general limitation of the thesis is the convenience sampling method that could
have effects on the generalisability of the results of each study. In Studies 2 A and 2 B
the instruments were applied, and their factorial structure was tested only on
Hungarian-speaking undergraduate students from Babes-Bolyai University which
reduces the generalisability of the results. Future studies should involve students
studying at other universities, master students and students with different academic
profiles in the interest of confirming our results regarding the validity and factorial
structure of the instruments. The results of the invariance tests should be interpreted
carefully due to the unequal gender distribution of the sample. Besides the unequal
distribution based on students’ demographic characteristics (Studies 2 and 5), the
excellence- and competition-related distribution in Studies 3 and 4 is also unequal.
Future studies should apply the cluster sampling method for the equal and balanced
representation of students based on demographic and excellence-related variables.

The self-reported format of the MAI is also a limitation of the thesis that may
result in biases like social desirability or acquiescence. A possible explanation for the
statistically insignificant results in Study 3 regarding the effects of competition level
on students’ metacognitive regulation, and of competition type on metacognitive
knowledge and regulation, could be the self-reported format of the MAI, the answers
and judgements of the participants regarding their metacognitive knowledge and
applied metacognitive strategies could affect the results by the possible presence of
social desirability bias or imprecise conclusions. Future studies should apply on-line
measures of metacognition, beside the off-line measurement of metacognition with the
MAL, giving the opportunity to test the convergent validity of the MAI.

The type of research designs of Studies 3 and 4 have limitations as well. In Study
3 a lack of experimental control is present; the level of students’ metacognition and
critical thinking were not examined before they participated in competitions. The ex
post facto design also enhances the presence of latent variables that could explain the
differences between students in the measured cognitive abilities. It would be
worthwhile to conduct quasi-experiments, more specifically time series experiments
for the analysis of the effect of different types and levels of competitions and
conference participation on students’ cognitive abilities with multiple pretest and post-
test measures. Due to the cross-sectional, correlational design of Study 4 we can draw
conclusions only regarding the linear relationships between the measured variables
due to the lack of experimental control among the predictor and moderator variables.
Secondly, students' critical thinking, their academic achievement, respectively
conference participation could change in time. Students' critical thinking was
measured minimum one year after the baccalaureate exam, their critical thinking
ability may have improved during their academic studies. Similarly, with the increase
of the expertise in academic learning their academic achievement could also increase.
In the future it would be meritorious to conduct longitudinal studies for the multiple
measurement of students' critical thinking, academic results, and conference
participation. The application of multiple moderation analysis, the elaboration of a
theoretical model regarding the effect of the tested moderator variables on the
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relationship between critical thinking and learning achievement, is also a future
direction.

A further limitation of Study 5 is the small sample size and high attrition rate in
the concept mapping groups. The repetition of the study with a larger sample size is
recommended. In the interest of lower attrition rates, it is recommended to include
more incentives as well as to optimise the sessions to be more time-effective and more
interactive, more interesting for the students. The face-to-face, personal meetings,
sessions with the participants for the enhancement of communication and discussion
could increase the effectiveness of the feedback.

Beside the above-mentioned future directions of this thesis, our further aim is the
examination of students’ critical thinking disposition, and to investigate the effect of
the concept mapping method on students’ critical thinking disposition. Besides the
cognitive processes that influence students’ academic excellence, the investigation of
motivational (achievement motivation, intrinsic motivation) and emotional
characteristics (achievement anxiety, emotion regulation) that may have an effect on
their academic success is also a future research opportunity. The development of a
logical thinking test for the measurement of students' metacognitive planning ability
would also be meritorious.
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