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¢ to identify problems and find solutions. Most previous research has focused on only

one aspect of critical thinking that is critical thinking skills, while two other dimensions
of criticality and critical pedagogy should have also been included. In order to assure
of the validity of the instrument designed by Mohammadi et al. (Characterization and
Development of Critically-thinker EFL Readers'Reading Ability: Asynchronous Web-
based Collaborative vs. Question-Answer-Relationship Instructional Approach, under
review), it was first adapted and then SEM modeling was used. Examination of the
results of factor analysis and modeling of SEM showed that the model satisfied the
fitindices ()(2/df, CFI, TLI, RMSEA), and all the factor loads are greater than 0.4 which
represent that the items are defined properly. This research suggested a SEM modeling
of critical thinking skills, composed of six factors measured by twenty-two indices. The
results of the PLS-SEM CFA represented that it is a valid structural model to measure a
critical thinking of EFL readers at three levels.

Keywords: Critical thinking and reading, Criticality, Critical pedagogy, PLS-SEM factor
analysis, Scale validation

Introduction

Recent research on reading has represented that, although it is generally established
as the first skill in language learners, it is a complex cognitive activity for individuals
to perform well in learning and obtaining sufficient information from the target com-
munity (Shang, 2010). According to Krathwohl (2002), the cognitive domain is divided
into two parts: first is the knowledge (including real, theoretical, procedural, and meta-
cognitive knowledge) and then the cognitive process (including recalling, comprehend-
ing, applying, examining, evaluating, and creating). In defining this skill, Chamot (2004)
holds that reading is the process of activating language-acquired knowledge and skills to
access information and transfer them. Swallow (2016) looks at it as a three-dimensional
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construct including content, perception, and understanding through thinking, metacog-
nition, and meaning construction (Gear, 2006).

According to Rashel and Kinya (2021), the focus of education in this competitive
period of time is on higher-level thinking skills (including critical thinking) rather than
low-level thinking skills, and research into measuring critical thinking skills is growing.
In the eyes of Ennis (2011), critical thinking ability is defined as clear and rational think-
ing that includes engaging in reflective and independent thinking. Moon (2008) and
Willingham (2007) emphasized that the development of critical thinking in individuals is
the goal of higher education and can be recognized as the primary goal of learning. Paul
and Elder (2002), in describing a critical thinker, stated that in the eyes of such a person,
all four skills of reading, writing, speaking, and listening are methods of skilled higher-
order thinking. Such a person, while reading the text, finds it a representation of the
author’s thinking and therefore tries to align with his point of view. In this regard, Din
(2020) emphasizes that since a critical thinker has the ability to understand beyond the
content of a text, they tend to react to the content being studied. Moreover, the tendency
towards implementing critical thinking programs in the English language teaching con-
text has increased as well (Heidari, 2020; Liu & Stapleton, 2014).

Beside the theory-wise investigations, there are a couple of studies with practical
direction. Some research has examined the role of critical thinking in learning a lan-
guage (e.g., Akyuz & Samsa, 2009; Willingham, 2007), others focused on the think-
ing strategies used by language learners in improving reading skills (Shang, 2010) or
the relationship between critical thinking and language learning strategies (Nikopour
et al,, 2011). A few studies confirmed the relationship between critical thinking ability
and reading comprehension (e.g., Eftekhary & Besharati Kalayeh, 2014). In such area, a
limited number of studies have relied on the participation of the academic community
(Hawkins, 2012; Hosseini et al., 2012), and this study is also innovative in this respect.
It can be inferred that in most of these studies, critical thinking is limited to the use of
definite basic skills (compare and contrast, conclusion, inferencing, etc.). According to
Facione (1990) and Rashel and Kinya (2021), most research on this topic has focused
on general critical thinking skills (but not expertise), although these skills have been of
interest for years. But, is it enough to just use these skills to understand a content? Is
critical thinking summarized in terms of several sub-skills? Where and how is the role
and impression of society reflected in critical thinking or critical reading? Does learn-
ing these sub-skills alone indicate the internalization of critical thinking and reading in
individuals? These key questions have been left intact mainly due to a lack of specific and
valid instrument, as a rationale behind this very study.

The novel point in the present study is that, despite the existence of the one-dimen-
sional attitude towards critical thinking (Facione, 1992; Kember et al., 2000), it tries to
highlight the concept of a three-dimensional critical thinking in academic context and in
this regard developed a tool for measuring its subscales (and not just individual skills).
Such a tool can measure the real needs of the next generation with evidence of real-
life multifaceted critical thinking issues. The purpose of this study was to evaluate the
validity of the questionnaire developed for assessing three-dimensional critical think-
ing skills in EFL readers. Moreover, the application of the partial least squares method
(PLS-SEM) in the development and validation of the proposed model has also made
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this research innovative. The objectives of this study were (1) to assess the validity of
the items introduced in the questionnaire, (2) to investigate the relationship between
and among the identified components, and (3) to determine the validity and reliability
of the questionnaire designed to assess three-dimensional critical thinking skills in EFL
readers. The contribution of this article in the literature is to illustrate the importance
of critical thinking both in personal and sociocultural aspects, to evaluate and validate
the tool that was developed to measure the components of three-dimensional critical
thinking (proposed by the same researchers), to provide the model fit indices for fac-
tor analysis, and to adapt the instrument to the conditions of English language readers.
Therefore, an attempt was made to briefly introduce the components of the proposed
model, and then to discuss the validation method of the developed instrument to meas-
ure these components, and finally to report the validation results of the introduced
instrument. The pedagogical implications of this study include the following: using the
presented concepts in research centers to identify and introduce the method of teaching
and developing each of the sub-skills of critical thinking in different societies; identifying
differences in instructional approaches for each of the sub-skills; applying both concepts
(i.e., three-dimensional critical thinking and reading) in other areas and assessing the
generalizability of findings; and reviewing the previous literature by looking at all three
dimensions introduced and evaluated in order to identify their strengths and weaknesses
in this regard.

Literature review

Today that critical thinking is more prominent in language teaching than ever (Li, 2016;
Van Laar et al., 2017), there is a wealth of research on the need and importance of foster-
ing such thinking in language classrooms (Zhao et al., 2016), representing that devel-
oping such thinking facilitates the language acquisition (Wang & Henderson, 2014;
Wu et al.,, 2013), and equips learners with such self-criticism that it develops analytical
and reflective view of themselves and their environment in learners (Moghadam et al.,
2021). Brookfield (2019), Dekker (2020), Haji Maibodi and Fahim (2012), and Zou and
Lee (2021) acknowledged that teachers who emphasize the education and application
of critical thinking increase awareness and understanding of socio-cultural concepts in
learners. In this regard, Crenshaw et al. (2011) stated that encouraging language learn-
ers to participate actively in thinking activities is essential, and McGregor (2007) and
Rezaei et al. (2011) emphasized that engaging teachers and language learners in thinking
and reflecting on the views and assumptions presented in a text are among the essential
steps in the development of critical thinking in individuals. Rezaei et al. (2011) acknowl-
edged that learners’ participation in critical thinking processes during teaching is done
through asking questions and providing answers, discussing topics, asking for explaining
or elaborating on opinions, and so on. They also emphasized the need to provide teach-
ers with accurate and comprehensive knowledge of critical thinking before attending
such classes. In addition, Tehrani and Razali (2018) and (Li, 2016) have suggested that
critical thinking training should begin at early ages and in the natural process of learning
the target language. However, despite the importance and emphasis on its development,
little progress has been made in its application and integration in education (Li, 2011;
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Pica, 2000), whose reasons, according to Lin et al. (2016) can be found in its challenging-
widespread nature and ambiguous details of its components.

The traditional definitions of critical thinking by philosophers do not necessarily
assist individuals to become a critical citizen/being. However, the core characteristics
of critical thinking introduced in these definitions remain fundamental to what is meant
by critical thinking on (Bali, 2015; Davies, 2015; Davies & Barnett, 2015; Renatovna &
Renatovna, 2021; Widyastuti, 2018; Wilson, 2016). Considering critical thinking as a
very pivotal learning skill, the acquisition of related skills in the traditional attitude was
limited to practices of certain types of skills such as inferencing, reasoning, and analyz-
ing (Davies, 2015). He emphasizes that one of the weaknesses of the traditional sense of
critical thinking, which is crystallized in the critical thinking movement, is the lack of
formation of the important component of action. This is worth mentioning that paying
less attention to the topics related to critical thinking in higher education may result in
a lack of having a proper and well-defined practical (and even theoretical) instruction,
and as it was mentioned by Paulsen (2015), little advancement can be formed if critical
thinking remains vague.

A model of critical thinking in higher education is suggested by Davies (2015) in which
the basic focus is on critical rationality and critical character of individuals. He presumes
six distinct dimensions for critical thinking including critical argumentation, critical
judgment, critical dispositions, critical actions, critical social relations, and critical crea-
tivity or critical being. Each of these dimensions plays a significant role in the compre-
hensive model of critical thinking (Davies, 2015; Davies & Barnett, 2015).

There are many well-developed models of critical thinking which might be called “phil-
osophical” models of critical thinking. These models might be dispersed on a continuum
from the taxonomy of pedagogical objectives (e.g., Airasian et al., 2001; Bloom, 1956)
to the APA Delphi Report and Paul-Elder models (e.g., Paul & Elder, 2002; Sadler, 2010)
and also to the model of critical thinking by Ennis (1991) according to which the main
emphasis is on cognitive decision-making. However, Davies (2015) represented that
these models are utilized mostly in the case of educating for critical thinking in which
the main goal is providing learners with activities based on which they can improve their
basic judgment and decision-making ability, while critical thinking is a multidimensional
concept containing both personal and social aspects. In endorsing and supporting the
use of the term multidimensional in relation to the concept of critical thinking, some of
the existing challenges can be mentioned. Lun et al. (2010) and Manalo and Sheppard
(2016) stated that a specific level of language proficiency is expected to accomplish such
thinking. Similarly, Peng (2014 stated that for students, language deficiency is one of the
main reasons of cognitive barriers that prevents them from practicing critical thinking.
Explaining the other challenges, Liang and Fung (2020) and Merrifield (2018) stated that
the subject of culture is effective in applying and practicing such thinking. For exam-
ple, factors such as a significant decline in the quality and quantity of social interac-
tions and intense attention to the social status of an individual in a group (Suryantari,
2018), some considerate social standards explicitly in eastern setting (Bag & Giirsoy,
2021), socio-cultural factors (Imperio et al., 2020; Shpeizer, 2018), fear of being ridi-
culed during expressing an opinion (Tumasang, 2021), epistemic belief in the certainty
of knowledge (Kahsay, 2019), the emphasis on teacher-centered language classes (Fahim
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& Ahmadian, 2012; Hemmati & Azizmalayeri, 2022; Khorasani & Farimani, 2010), or
weakness in CT experiences due to the lack of inductive education in Iranian context
(Birjandi et al., 2018), reduce the natural learning ability of developing such skill as well
as the power of induction—especially in adults (Dornyei, 2010). Therefore, the subject
of language learning, whether in a foreign or a second language context, complicates the
issue of cultivating critical thinking in such a way that its development cannot be limited
to learning a few individual skills. In this regard, Davies and Barnett (2015) attempted
to bring together a set of perspectives, thus identified three broad perspectives on criti-
cal thinking in the literature. These perspectives are often opposed to each other, while
overlapping and significantly merging with each other (Frykholm, 2020; Ledman, 2019;
Shpeizer, 2018; Wilson, 2016; Wilson & Howitt, 2018). Shpeizer (2018) also emphasized
that this mutual influence and the lack of transparency in the boundaries of each of the
three areas have made the concept of critical thinking confusing and perhaps daunting
for English teachers.

In addition, understanding the nature and dimensions of critical thinking in order
to evaluate it is also of crucial importance. Assessing an individuals’ critical thinking
requires a measuring instrument that can precisely and perfectly determine the true
conditions. From the result of the literacy study, one can find some instruments to meas-
ure critical thinking skills and abilities of students each with their specific perspectives,
definitions of criteria, and priorities. Among these instruments are California Critical
Thinking Skill Test (CCTST) by Facione (1992); Critical Thinking Questionnaire by
Kember et al. (2000); Ricketts (2003) questionnaire; Critical Reading Scale by Zhou et al.
(2015); and Critical Thinking Inventory by Mohammadi et al. (Characterization and
Development of Critically-thinker EFL Readers’ Reading Ability: Asynchronous Web-
based Collaborative vs. Question-Answer-Relationship Instructional Approach, under
review). The designed questionnaire by Mohammadi et al. (Characterization and Devel-
opment of Critically-thinker EFL Readers’ Reading Ability: Asynchronous Webbased
Collaborative vs. Question-Answer-Relationship Instructional Approach, under review),
unlike previous tools, addresses all the three dimensions of critical thinking (i.e., indi-
vidual skills, criticality, and critical pedagogy).

Mohammadi et al. (Characterization and Development of Critically-thinker EFL Read-
ers’ Reading Ability: Asynchronous Webbased Collaborative vs. Question-Answer-Rela-
tionship Instructional Approach, under review), getting insights from Davies (2015) and
Davies and Barnett (2015), represent that critical thinking is composed of both personal
critical thinking skills, and those skills gained at the criticality level and critical pedagogy
level. The levels, movements, and skills of each of the levels introduced in their study are
presented in the figure below.

As shown in Fig. 1, as one moves from the center to the outside (the surface), the
stages of critical thinking development appear, according to which this process begins
with the development of individual critical thinking skills, the criticality movement, and
then the critical pedagogy movement. This figure includes the XY plane (page drown on
x and y diagrams), indicating the measurement subscales; YZ plane (page drown on y
and z diagrams) represents individual and socio-cultural dimensions; and the XZ plane

(page drown on the x and z diagrams) is different movements.
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Fig. 1 The model of critical thinking movements, skills and abilities, and assessing criteria extracted from
Mohammadi et al. (Characterization and Development of Critically-thinker EFL Readers’ Reading Ability:
Asynchronous Webbased Collaborative vs. Question-Answer-Relationship Instructional Approach, under

review)

The model represents that in order to improve critical thinking in a person, it is neces-
sary to consider both individual and socio-cultural aspects. In this figure, the X-Z page
represents various dimensions of critical thinking, the Y-Z page represents cognitive-
developmental skills, and the X-Y page shows sub-skills of each layer (i.e., assessing cri-
teria in this study). Aspects and skills of the three-dimensional critical thinking which
were previously introduced by Mohammadi et al. (Characterization and Development
of Critically-thinker EFL Readers’ Reading Ability: Asynchronous Webbased Collabora-
tive vs. Question-Answer-Relationship Instructional Approach, under review) are briefly
explained in Table 1.

Critical thinking and criticality are the most interwoven concepts with language skills
acquisition in general and processing and development of reading skills in particular.
And of course, developing skills related to each of these two movements requires criti-
cal pedagogy. According to Haji Maibodi (2014), reading comprehension refers to the
ability to construct meaning through thinking, before, during, and after reading the text,
as well as integrating the information presented in the text with one’s prior knowledge.
She also stated that different types of texts with different levels of difficulty and various

Page 6 of 26
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Table 1 Assessing criteria of CTI proposed by Mohammadi et al. (Characterization and Development of
Critically-thinker EFL Readers’ Reading Ability: Asynchronous Webbased Collaborative vs. Question-
Answer-Relationship Instructional Approach, under review)

First movement (cognitive skills, judgment, and disposition)
Cognitive layer (argumentation)

- Reasoning: The level of ability of a reader to understand and analyze expressions related to a theory for pro-
viding interpretations and inferencing.

- Relevance: The ability of an individual to understand and analyze the various components of a subject and
use them in interpreting and deducing findings.

- Language use: The ability of an individual to discern how the author of a text uses different linguistic struc-
tures and patterns and to use them to facilitate comprehension.

- Organization: A text reader’s understanding of how the components of a text are organized in order to under-
stand the connections between the elements of the text and get the author’s meaning.

- Voice: The sub-skill of voice refers to the ability of a text reader in understanding the views and opinions of the
author as presented in the text.

Judgement layer

- Buck-passing: The extent to which an individual avoids making decisions and accepting responsibilities and
delegating responsibilities and decisions in various matters to others—even in the case of reading a text or
seeking answers to text-related questions.

- Vigilance: The accuracy of a text reader in examining all the dimensions and components of a topic that help
making a decision.

Disposition layer

- Maturity: The level of awareness and understanding of a text reader of the subject presented in the text and
its complexities, as well as accepting the opinion of others away from any prejudice and/or bias.

- Innovativeness: The ability and effort of a text reader in searching and finding the truth and its signs presented
in the text.

- Engagement: The ability of a text reader to recognize and use the opportunities provided to present his/her arguments.
Second movement (cognitive skills, judgment, disposition, and action)
Action layer

- Habitual action: Applying what the reader has learned over time. As a result of practicing, such an action has become
an automatic action in him/her and the person performs it without having to spend any time to make a decision.

- Understanding: A person’s ability to understand the topic presented in the text without relating it to or being
influenced by other topics.

- Reflection: The mental ability of a text reader in understanding the subject matter and identifying the
assumptions associated with it.

- Reflective thinking: Reflective thinking refers to the extent to which any fundamental changes formed in a
reader’s beliefs, views, and various personal, social, and cultural aspects of his or her characteristics.

Third movement (cognitive skills, judgment, disposition, action, social cognition and creativity)
Social cognition layer

- Social competence: A reader’s attitude and perception of his relationship with his environment that is influ-
enced by various factors such as social skills, peer group, his successes and environmental factors.
- Literacy: A set of abilities (i.e. reading, comprehending, recognizing, interpreting, communicating, etc.) in a
text reader which affect his/ her understanding of the environmental, cultural and social factors.
- Cultural competence: A set of customs, subcultures, beliefs, values, beliefs, and behaviors of a reader that
affect how he or she interacts with his surroundings.
- Extraversion: The degree to which a person is psychologically affected by external and environmental condi-
tions. An extroverted text reader is a person who is capable of uttering his or her opinions, ideas, inferences,
and conclusions.

Creativity layer

- Elaboration: The ability of a reader in paying attention to the details provided, finding their connections,
searching for gaps and providing solutions to manage new ideas, paying attention to details in order to identify
gaps and also providing solutions.

- Flexibility: The ability of a person to present a variety of ideas and pay attention to different attitudes in exam-
ining the presented topic.
- Fluency: The readers’ ability of presenting a wide range of ideas related to a topic.

- Originality: The extent of ability and courage of a person in presenting new, non-repetitive and unusual ideas
based on the topic under discussion.
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topics are available to people to be encouraged to read and thus gain new knowledge
and strengthen their reading skills. As people go through this process, they realize that
in order to understand the texts they read as much as possible, they have to use thinking
skills (Haji Maibodi, 2014), and this thinking takes different forms and the implementa-
tion of each and requires skills that are called critical thinking skills. Haji Maibodi (2014)
also emphasized that practical teaching of reading comprehension requires the develop-
ment of the ability to understand, analyze, and recognize various components of a text.

Reading is viewed as the most crucial academic skill for foreign language learners
which can facilitate their professional progression, social success, and personal develop-
ment. Reading skill is defined by Berardo (2006) as a dynamic and complex phenomenon
and is considered as a source of gaining language input since it is a receptive skill based
on which there should be an interaction among the author of the text, his/her message,
and the reader in order to comprehend it. Therefore, in order to read, comprehend, and
respond to a written content, the reader is expected to have some certain skills and abili-
ties including reading to grasp the message of each line and paragraph, reading to find
the existing relationship between the paragraphs, understanding the basic message of
the author, and finding the most appropriate answer to the idea of the writer (Berardo,
2006). According to Berardo (2006), stages of reading require readers to apply a higher
order of thinking called “critical reading” by Bloom (1956). According to Hall and Piazza
(2008), critical reading skill is still one of the skills which helps learners gain success in
academic courses whilst it is still vague to many teachers and they usually fail to develop
such skill in their students. They represent that if students lack the skill to analyze and
challenge written content in the classroom environment, then they will face many prob-
lems in understanding and questioning their living environment and society.

Wallace (2003) and Sweet (1993) approach the critical reader as an active reader who
is able to ask questions, to recognize, analyze, and confirm evidences; to detect the truth;
to understand tone, bias, and persuasion; and to judge them throughout the reading pro-
cess. Khonamri and Karimabadi (2015) state that in order to have an effective reading,
readers should have the ability to read with their critical eyes, i.e., they have to read and
evaluate a text for its intentions and the reasons behind it, that is the ability to think
critically.

Critical reading, as the key player in the development of core language skills, involves
activities such as reasoning, questioning, evaluation, comparison, and inference (e.g.,
Adali, 2010; Adali, 2011; Séylemez, 2015). Regarding critical reading, Nemat Tabrizi and
Akhavan Saber (2016) emphasized that this skill plays an important role in the formation
of democratic societies since it makes people decide what they accept as reality, only
after reviewing, analyzing, and comparing the content presented with their knowledge
and values of their internal-external worlds.

Instrument validation

Measurement validation in the eyes of Zumbo (2005) is a continuous process in which
evidence is collected to support the appropriateness, significance, and usefulness of
the inferences derived from scores obtained from a sample. He also emphasizes that
the method and process of validation is important in the construction and evaluation
of tools related to social sciences, behavioral, health, and humanities, since without the
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implementation of this process, any conclusions or inferences from the obtained scores
are meaningless.

Many have argued that in the contemporary view, the main purpose is to extend the
conceptual framework and power of the traditional vision towards validity (Johnson
& Plake, 1998; Kane, 2001; Messick, 1989; Messick, 1995), according to which validity
is not one of the characteristics of measuring tools anymore, but the characteristics of
inferences made on scores that can be examined in the form of a continuum (valid/inva-
lid dual is no longer considered). In this view, construct validity is the only and the most
important feature in validation, and there are only different sources of evidence to prove
the validity of inferences. Zumbo (2005) stated that the calculation of validity using sta-
tistical methods such as correlation is not acceptable, and it is necessary to provide a
detailed theory and support for it, including analysis of covariance matrices between
experimental data and covariance structure model. From the study of previous research,
it can be seen that the two categories of models are introduced as key for validation,
which are confirmatory factor analysis (CFA), which has a lengthy and rich history in
research (for example, Byrne, 1998; Byrne, 2001; Kaplan, 2000) and Multiple Indica-
tors Multiple Causes (MIMIC) that have been generalized to linear structural equation
models by integrating structural equation modeling and item response theory (Ull-
man, 2001). The multidimensional and hierarchical representation of the skills needed
for critical thinking at each level is primarily based on theoretical reasoning (by Davies,
2015; Davies & Barnett, 2015; Frykholm, 2020; Ledman, 2019; Shpeizer, 2018), as men-
tioned in the previous paragraphs.

Accordingly, this study was an attempt to adapt and assure of the validity of the ques-
tionnaire proposed by Mohammadi et al. (Characterization and Development of Crit-
ically-thinker EFL Readers’ Reading Ability: Asynchronous Webbased Collaborative
vs. Question-Answer-Relationship Instructional Approach, under review) in order to
measure criteria introduced in Fig. 1, XY plane (see Appendix A for the validated ver-
sion). A review of previous studies showed that previous research has only examined
individual skills and examined various subskills in this area. None of the studies have
provided a comprehensive scale, consisting of both individual and socio-cultural fac-
tors, and the validation of a common scale for measuring the set of factors. Regarding
this, the present study assessed the three-level scale of critical thinking and validates the
proposed model. In this study, a measurement and structural model according to the
previous literature and the method of factor analysis is proposed. This research is inno-
vative because it uses the partial least squares method (PLS-SEM) and various software
to validate the proposed model. The PLS method relies on a series of consecutive ordi-
nary least square (OLS) regressions; thus, it eliminates the necessity of having a normal
distribution of observations. OLS indicates the compatibility of the partial least squares
method with small samples and is suitable for the conditions of this research (Farahani,
2010). On the other hand, given that PLS assumes that all blocks are linear combina-
tions of their reagents, common problems such as nonlinear solutions and uncertainty of
the factors that occur in covariance-based structural equation modeling (CB-SEM) tech-
niques do not occur (Pirouz, 2006). Researchers aimed to answer the following question:

RQ. To what extent is the newly developed rating description a valid measure of crit-
ically thinkers’ reading ability?
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Methodology

In this study, an attempt was made to validate the three-dimensional critical thinking
instrument developed by Mohammadi et al. (Characterization and Development of Crit-
ically-thinker EFL Readers’ Reading Ability: Asynchronous Webbased Collaborative vs.
Question-Answer-Relationship Instructional Approach, under review) to assess critical
thinking in English as a Foreign Language (EFL) readers (Tables 2, 3, 4, 5, and 6).

Participants

In order to answer the research question, 89 Iranian EFL under-graduate students (age
range 18 to 35) were selected for the development and validation of a reading skill-
oriented critical thinker measurement instrument. The participants were members
of intact classes (with the aim of involving individuals with diverse abilities), and the
homogeneity of the classes was also assessed via Preliminary English Test (PET score
above 147). Due to the fact that the participants cooperated with the researchers dur-
ing different phases of the study, the implementation steps were introduced to them,
ethical approval was given, participants were assured of not publishing personal opin-
ions to the third person/parties, and the final results were communicated to them.

Instruments

1. Critical thinking inventory: The CTI, by Mohammadi et al. (Characterization and Devel-
opment of Critically-thinker EFL Readers’ Reading Ability: Asynchronous Webbased
Collaborative vs. Question-Answer-Relationship Instructional Approach, under review),
contains 59 items of 5-point Likert type to measure the factors of argumentation (15
items), judgment (5 items), disposition (9 items), criticality (12 items), social cognition (9
items), and creativity (9 items number) in 50 min. The minimum score of the question-
naire is 59 and the maximum is 295, and the participants were asked to respond within
60 min. The CR and AVE were reported in the work as 0.97 and 0.687 (see Table 7).

2. Preliminary English Test (PET): This test was used to select groups of participants
who have similar language proficiency. It is an official intermediate English language
test (designed by Cambridge ESOL examinations) with the maximum achievable
score of 170. This test includes sections of reading (five parts, thirty-five items, scor-
ing range of 0—35), writing (three parts, seven items, scoring range of 0—15), listening
(four parts and twenty-five items, scoring range of 0—25), and speaking (four parts of
face-to-face interview questions, scoring range of 0-25). Two raters were asked to
assess the test to be assured of interrater consistency of scores. The intra-class corre-
lation coefficient (ICC) test was run to determine if there was an agreement between
raters’ judgment on the scores. A high degree of reliability was found between the
scores (F(88, 88)= 146.08, p < .000) with the average measure ICC of .982).

Procedure
Initially, the written informed consent was obtained from the participants. Then, PET
test was used to ensure the homogeneity of the participants and those with similar
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Table 3 Model Eevaluation Indicators

Model )(2/ df GFI AGFI CFI TLI RMR RMSEA
Argumentation 0.875 0.982 0.945 1.000 1.000 0.016 <0.001
Judgement - - - - - - -
Disposition - 1.000 - 1.000 - <0.001 <0.001
Action 1463 0.984 0.921 0.997 0.992 0.008 0.073
Social. 0402 0.998 0977 1.000 1.000 0.006 <0.001
Creativity 0.143 0.998 0.992 1.000 1.000 0.006 <0.001

performance were selected for this study. Next, participants were asked to respond
questions to assess CTI validity. After collecting data, the relationships between the ele-
ments, skills, and concepts introduced in the questionnaire (see Table 1) were assessed.
For this purpose, the validity testing of the model was conducted through CFA method
of evaluating and comparing alternative models: CFA of the measurement model (first-
order model) and CFA of the structural model (second-order model). In this study,
in order to increase statistical power, researchers tried to use predictor variables (i.e.,
AWC, QAR, classic instructions), considering less operating levels for continuous vari-
ables, utilizing continuous variables instead of polarizing or grouping them, defining
focused hypothesis tests, crossing the extracted factors, etc., which are described in
Mohammadi et al. (Characterization and Development of Critically-thinker EFL Read-
ers’ Reading Ability: Asynchronous Webbased Collaborative vs. Question-Answer-
Relationship Instructional Approach, under review). The scale validation in this study
included a PLS-SEM analysis technique due to the abnormal distribution of the data
gathered (Afthanorhan, 2013) and the model validation included the following tests:

+ Analysis of the convergent validity
« Test of discriminatory validity
+ Test of construct validity.

Data analysis

After collecting the data of the designed inventory in SPSS, the collected data related to
the validity of the questionnaire were transferred to SmartPLS software to validate the
proposed model through model validation techniques (FIT, GFI, RMR, etc.), SEM, CR,
and AVE estimation. The datasets generated and analyzed during the current study are
not publicly available due to ethical issues and privacy restrictions.

Table 4 Validity and reliability investigation

Model CR AVE
Argumentation 0.925 0.626
Judgement - -
Disposition 0.951 0.850
Action 0.960 0.825
Social. 0.875 0.574

Creativity 0.881 0.647
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Table 6 Model evaluation indices

X2/ df GFI AGFI CFI TLI RMR RMSEA
1325 0.809 0.750 0.981 0.977 0.035 0.061
Results

In order to find the answer to the research question, a CFA-based approach was used as
an MTMM technique to estimate the validity of the designed instrument (Bentler, 2000;
Byrne, 2006; Koch et al., 2018). For this purpose, different types of validity of the devel-
oped inventory were evaluated.

1. Internal validity

1.1 Face validity: Face validity depends on the judgment of the constructor of the
test and was approved according to the Advisor’s opinion.

1.2 Content validity: Various aspects of the structure are examined. Content validity
was confirmed by the Advisor.

2. Criterion-related validity (both concurrent validity and predictive validity): In order
to appraise the predictive validity, this instrument should be evaluated over a long
period of time, for example, once at the beginning of the undergraduate course and
then, again at the end of the fourth year, and then compare its performance in pre-
dicting the results with current results. To measure concurrent validity, it is neces-
sary to examine this tool in a completely different content and on a completely differ-
ent group of learners (at the same time).

3. Construct validity: The category is focused on the structure of the questionnaire. In
order to measure the next three criteria, Smart PLS software was used.

3.1 Convergent validity: Estimation of CR and AVE
3.2 Discriminate (Divergent) validity: Confirmatory factor analysis (¢ value)
3.3 Construct validity: Model validation (SRMR)

In examining the introduced validity criteria, the results of (a) checking the suitability
of factor loads, (b) investigating structural equation model, and (c) estimating Goodness
of Fit were investigated as follows:

At the beginning, in order to investigate the effect of items and factor loads in measuring
the desired structure, the model parameters and their significance were calculated (Fig. 2).

It is observed that all factor loads are more than 0.4 and are significant. Therefore, the
studied items have a significant effect on the measurement of the structure (Table 2).

The model parameter table accurately shows that the p value and ¢ value measures

are respectively, less than .001 and more than 1.96, representing a good value. In the

Table 7 Reliability results review

CR AVE

0.974 0.687
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Fig. 2 Measurement model test

following table, the measures of the overall hypothetical fitted model (i.e., goodness-of-
fit indicators) are calculated (Table 3).

According to the results, both GFI and AGFI value are more than 0.80; RMR values
are close to .00; X?/df ratios are less than 5; and RMSEA estimates are less than 0.08
indicating reasonable errors for approximation in the society. Therefore, all indicators
are in the desired range, so the results of the model are trusted and valid and can be
used, in general. It should be noted that variables with less than three items cannot be
fitted and accurate calculation of their indicators are not possible. In the following,
the results of detailed analysis of the model and determination of validity indicators
are presented.

Next, the data analysis algorithm in Smart PLS software is displayed. In this algo-
rithm, after model formation and confirmatory factor analysis, it is the time to exam-
ine the structural model in three areas:

a. Measurement model test: To evaluate the validity and reliability of each structure,
the AVE (average variance extracted) and CR (composite reliability) are calculated,
respectively (Table 4).

Therefore, according to the results, the validity criterion is more than 0.4 and the
reliability criterion for this structure is close to 0.7, so it can be said that in terms of
convergent validity criteria, all structures are in the desired range (Fig. 3).
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Fig. 3 Structural equation modeling results

b. Structural equation modeling: The results of confirmatory factor analysis of the model

represented that:

It can be seen that all items have a significant effect (»p <0.001) on the structure.
This shows that the items related to each structure measure the desired structure well
(Table 5).

The estimation of the model parameters represents that p values are lower than .001,
and ¢ values are greater than 1.96, meaning that the path is significant at the .05 level,
meaning that its estimated path parameter has a significant effect on the structure (Ull-
man, 2001). This shows that the items related to each variable measure the desired struc-

ture well.

ili. Goodness of fit: For the purpose of conducting confirmatory factor analysis (CFA),
as an MTMM technique to assess divergent validity of the model, goodness-of-fit
indices were estimated as follows (Table 6):

Page 16 of 26
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According to the obtained indicators, it can be seen that AGFI is greater than 0.80,
x2/df ratio is less than 3, RMSEA value is less than .08, and CFI is greater than .95
which means that there is a great satisfactory fit. All in all, this can be concluded
that the indicators are in the desired range and the results of the model are reliable.
Finally, the results of confirmatory factor analysis confirm the relationships and struc-
ture of the model, investigating the validity and reliability of the structure (Table 7):

Investigation of the significance of covariance relations also shows that all covari-
ance relationships between structures have a p value less than the error level of 0.05,
and the relationships are significant. The advantage of composite reliability over
Cronbach’s alpha is that the reliability of structures is not computed definitely; rather,
it is obtained through evaluating the correlation of existing structures with each
other. In this method, indicators that have a higher factor load are more important.
Therefore, both criteria are used to better measure the reliability of this type of mod-
els. Moreover, the common measure for creating convergent validity at the structural
level is the mean extracted variance (AVE). This criterion is defined as the equivalent
to the share of a structure. Acceptable values for CR is over .70, and the excellent
value for AVE is over .50.

Considering that the second generation of structural equation modeling is based on
the variance approach, and in order to ensure the values of covariance and provide a
complete report, the covariance relationships in this model were also examined and
the results were reported (Table 8).

As it turns out, all covariance relationships between structures have a p value less
than the 0.05 error level and a ¢ value greater than 1.96, meaning that the relation-
ships between latent variables are meaningful.

Campbell and Fiske (1959) and Langer et al. (2010) stated that CFA is an analy-
sis for construct validity. Putting the results observed in steps 2 and 3 together, it
can be concluded that all the three absolute fitness indices, parsimony fit indices,
and incremental fit indices have desirable values in the model, and this theoretical
model is consistent with its experimental model, and therefore, the divergent validity
of this structure is confirmed. The results of calculating the reliability of the inventory
were also presented in “instrumentation” section. Therefore, combining the results of
covariance analysis and the three-level analyses, it can be seen that this questionnaire
is valid and reliable.

Discussion

Since there is little agreement on the nature and dimensions of the term critical think-
ing (Facione et al., 2000; Frykholm, 2020), the researchers of this study decided to pro-
vide a comprehensive picture of its various dimensions and develop a valid tool for its
measurement. Frykholm (2020) believes that no educator has proposed a comprehensive
definition and model of critical thinking, and it can be said that most previous stud-
ies have focused only on a few limited skills of critical thinking. However, the results
of the interviews in the first phase of this study (Mohammadi et al., Characterization
and Development of Critically-thinker EFL Readers’ Reading Ability: Asynchronous
Webbased Collaborative vs. Question-Answer-Relationship Instructional Approach,

under review) clearly showed that the socio-cultural dimensions—if not more—are as
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Table 8 Significance of covariance relations

Path Non-standard  Standard error T statistics p value
estimation
Argumentation «—— Judgement 582 096 6.078 <0.001
Argumentation «—— Disposition 593 098 6.085 <0.001
Argumentation «—— Action 630 104 6.076 <0.001
Argumentation ~—— Social. 548 096 5.731 <0.001
Argumentation «—— Creativity 585 110 5326 <0.001
Judgement <~ Disposition 680 109 6.256 <0.001
Judgement «—— Action 716 15 6.225 <0.001
Judgement “«—— Social. 631 107 5.883 <0.001
Judgement «—— Creativity 672 123 5446 <0.001
Disposition “«—— Action 731 117 6.232 <0.001
Disposition “«—— Social. 638 109 5.867 <0.001
Disposition «—— Creativity 680 125 5435 <0.001
Action “«—— Social. 676 15 5.854 <0.001
Action “«—— Creativity 721 133 5425 <0.001
Social “«—— Creativity 633 122 5.188 <0.001

important as the individual skills dimension. And by approaching the proposed model
of the present study to the model of Davies (2015) and Ledman (2019), it can be inferred
that the comprehensive model is well suited to the set of skills, judgments, and activities
(especially for investigating and questioning tasks of receptive skills) as well as express-
ing desires or attitudes (expressing ideas, creativity, analysis, and other productive skills).
In review, the main objectives of this study were to investigate the validity of items and
components of the model and also the validity of the tool designed by Mohammadi et al.
(Characterization and Development of Critically-thinker EFL Readers’ Reading Ability:
Asynchronous Webbased Collaborative vs. Question-Answer-Relationship Instructional
Approach, under review) to assess three dimensional critical thinking in EFL readers
based on which the following results were identified.

Examining the values obtained from the data, it was observed that the data distribu-
tion was not normal. Therefore, in order to assess the validity of this tool, confirmatory
factor analysis (CFA) and PLS-SEM was used in SmartPLS software because this method
is suitable for abnormal data (Hair et al., 2014) and makes it possible to examine complex
models with multiple exogenous and endogenous constructs as well as index variables
(Hair Jr. et al., 2010; Hair et al., 2014; Hair et al., 2019). The study of structural equation
modeling and covariance relationships and also model evaluation indices clearly showed
that the components were selected correctly, the relationships between the components
of the model were defined properly and the questionnaire items were well designed, and
in this way, the study has reached its objectives.

The six-factor and twenty-two items scale that was proposed by Mohammadi et al.
(Characterization and Development of Critically-thinker EFL Readers’ Reading Ability:
Asynchronous Webbased Collaborative vs. Question-Answer-Relationship Instructional
Approach, under review) has been validated using a hybrid technique mainly due to the
existence of abnormally distributed data. Results indicated that the PSL-SEM CFA rep-
resented the best fit to the proposed model, in terms of factor loadings. The findings
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of the first phase of this study indicated the existence of validity between the factors
introduced in the three-level model of critical thinking. From the results obtained in this
phase, it can be seen that focusing on all the skills and abilities introduced (i.e., argu-
mentation, judgment, disposition, action, social cognition, and creativity) is important
in developing critical thinking in English readers.

Discussing the elements of the first movement, a comparison on the criteria was intro-
duced in this study with the ones mentioned in Kaewpet (2018); this can be said that the
same measures were mentioned by EFL learners. Focusing on factors of judgements, the
elements of buck-passing and vigilance were extracted which were also mentioned by
Mann et al. (1997). They also referred to hypervigilance and defensive avoidance which
were not mentioned by EFL learners. The last skill of the first movement was disposition
which was assessed based on innovativeness, maturity, and engagement as introduced
by Ricketts (2003).

In the second movement of developing critical thinking, it was referred to criticality
which was mentioned by learners in terms of habitual action, understanding, reflection,
and critical reflection. These factors were also used by Kember et al. (2000). The findings
of this section, contrary to the view of Shpeizer (2018), in which the two concepts intro-
duced in the first and second movements were considered the same without considerable
distinctions, clearly showed that the second movement involves the development of criti-
cal actions (and the introduced sub-actions) in individuals, while the first movement does
not focus on the development of action skills in individuals. The findings of this study
also confirm the views of Wilson and Howitt (2018) based on which they acknowledged
that critical thinking in this movement is self-centered and manifests itself in the form of
introspection, self-adjusting, and metacognition. The set of abilities acquired at this stage
will make a person a prosperous learner, specialist, and scholar, while the first move-
ment focuses on the application of rational-argumentative thinking in the form of train-
ing methods and with the aim of improving exactness, proficiency, and creativeness in
individuals. Similarly, Ledman (2019) considers this dimension as disciplinary criticality
based on which the thinking tools and habits of mind promote epistemological structures.

And the third movement in this study, namely critical pedagogy movement, was com-
posed of the two layers of social cognition and creativity. The first layer was assessed
based on factors such as social competence, literacy, cultural competence, and extraver-
sion. The findings of this section are very similar to Pishghadam et al. (2011) criteria in
which factors of social competence, social solidarity, literacy, cultural competence, and
extraversion were introduced as basic criteria in measuring social cognition. But these
findings are in contrast with criteria introduced by Pishvaei and Kasaian (2013) among
which are tenets of monolingualism, monoculturalism, native-speakerism, native teacher,
native-like pronunciation, and authenticity of native-designed materials quantitatively.
Reasons for such a difference may include the nature of the classes, the objectives of the
courses, and the interlocutors/participants. These findings are consistent with the works
of Davies (2015) and Davies and Barnett (2015) who predicted that critical thinking is not
only limited to individual critical thinking skills but also other dimensions such as socio-
cultural dimensions and critical pedagogy should also be considered. The last layer was
creativity which was assessed based on factors of fluency, flexibility, originality, and elabo-
ration which were also mentioned by O’Neil et al. (1992) and Abedi (2002).



Mohammadi et al. Language Testing in Asia (2022) 12:24 Page 20 of 26

Discussing this movement, the introduced elements of this dimension confirmed the
orientations taken by Davies (2015), Davies and Barnett (2015), Rahimi and Asadi Sajed
(2014), and Shpeizer (2018) based on which critical pedagogy have impact on critical think-
ing. According to Shpeizer (2018), the fundamental difference between the two schools of
critical thinking discourse and the critical pedagogy is in the contrast between the socio-
cultural as well as political and moral tendencies in this school and the apparent neutral
tendencies of the school of critical thinking. According to Shpeizer (2018) and Freire (1993),
in the former, it is not possible to intercept epistemology and politics, and if there is a criti-
cal approach, then people’s awareness of power relations and structural inequalities of the
societies will be aroused. Shpeizer (2018) adds that, advocates of critical thinking believe
that this approach is incompatible, inconsistent, and hazardous since it initially creates
uncertain assumptions about a society and thus diverts us from the path of truth-seeking
and enlightenment required by a critical thinker. And perhaps the main reason for the slow
and one-dimensional movement of critical thinking during all the years can be found in this
point. According to Shpeizer (2018) and Rahimi and Asadi Sajed (2014), the proponents of
critical pedagogy development argue that since social, political, and educational structures
in different societies hitherto run in an inequitable and oppressive manner, disregarding
such conditions (which undoubtedly construct the lives and thoughts of individuals) makes
objective critical development—and consequently, the progress of community members
and communities—impossible. They emphasized that to develop critical pedagogy;, it is not
possible to teach rational and critical thinking skills and tendencies in individuals without
regard to other dimensions such as awareness of cultural, political, and religious. The find-
ings are also in line with Ledman (2019), who states that moral education (the name chosen
for the third dimension) emphasizes the need to develop the capacity for moral thinking
and judgment independent of official orders and requirements. Finally, by matching the
findings of this study with the study of Davies (2015) and Mohammadi et al. (Characteri-
zation and Development of Critically-thinker EFL Readers’ Reading Ability: Asynchronous
Webbased Collaborative vs. Question-Answer-Relationship Instructional Approach, under
review), it can be concluded that critical thinking can be defined in three complementary
layers; critical thinking skills, criticality, and critical pedagogy. And the more one strives to
become more capable in thinking critically, the more s/he moves from gaining initial-per-
sonal skills (critical thinker) to socio-cultural skills (critical being).

Regarding the methodology of the study, as explained, due to the fact that the distribu-
tion of data obtained from the questionnaire was not normal, the PLS-SEM method was
used as a confirmatory factor analysis (CFA) technique. The validation of the model used
in this study is based on theoretical and experimental concepts developed in the previ-
ous study (Mohammadi et al., Characterization and Development of Critically-thinker
EFL Readers’ Reading Ability: Asynchronous Webbased Collaborative vs. Question-
Answer-Relationship Instructional Approach, under review). The model validity test was
performed in the framework of SEM approach of CFA based on which the investiga-
tion of the first degree model (same as the measurement model), and the second degree
model (same as the structural model) was conducted. Examination of the absolute values
of skewness and Kurtosis as well as data distribution showed that the distribution was
not normal; therefore, PLS-SEM confirmatory factor analysis was performed to deter-
mine the structural validity of the scale (Mati et al., 2020). In addition, the modeling
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approach is suitable for complex models with multiple endogenous and exogenous index
structures and variables (Hair et al., 2014). Also, due to the fact that the sample size in
this study is more than the minimum recommended value (i.e. 50), so the most appro-
priate method for model analysis was considered (Mati et al., 2020).

The results of this study provided the next implications: this study investigated a frame-
work of assessing EFL readers who has critical thinking in the three main streams of indi-
vidual skills, critical pedagogy, and criticality. The results showed that in each of these
three main streams, there are criteria that can be used to assess learners’ abilities; Stu-
dents were interviewed in different phases of the study and offered a variety of views not
only on their attitudes toward critical thinking, but also on their perceptions of teach-
ing instructions and the strengths and weaknesses of each, which can provide insights
towards designing and implementing critical thinking training sessions; a review of pre-
vious literature on three-dimensional critical thinking provided a comprehensive over-
view of its strengths and weaknesses, as well as the supporters and opponents and finally,
the findings of this study were a true validation of the studies confirming the views of
all those who agree with the three-dimensional approach to critical thinking under any
heading; using the presented concepts in research-academic institutions to identify the
most suitable training methods of each of the sub-skills of critical thinking in different
societies is very helpful. Given that this study was conducted only in the field of English
language and in the university context, its application in other educational spaces and for
people with different academic backgrounds and identifying differences in the applica-
tion of various instructions for each of the sub-skills will be very effective. It is possible to
apply both concepts (i.e., three-dimensional critical thinking and reading) in other areas
to assess the generalizability of findings. An interesting finding was that in some cases,
students engaged in group discussions sometimes returned to their first language, which
could be a consequence of poor language proficiency. In such circumstances, Lun et al.
(2010) have suggested that in order to promote critical thinking, the emphasis on lan-
guage processing should be reduced or, on the recommendation of Ko (2013), teachers
should first describe the task in order to prepare students and initialize the analysis and
then ask them to complete it. The validity of the criterion proposed in the previous study
(Mohammadi et al., Characterization and Development of Critically-thinker EFL Readers’
Reading Ability: Asynchronous Webbased Collaborative vs. Question-Answer-Relation-
ship Instructional Approach, under review) was evaluated through structural equation
modeling, which is a new method and has a very limited history in language studies. This
study showed that the method can be used to evaluate path analysis/regression, repeated
measures analysis/latent changes modeling, and confirmatory factor analysis.

Conclusion

This study was designed and conducted to confirm the subscales introduced by Moham-
madi et al. (Characterization and Development of Critically-thinker EFL Readers’ Read-
ing Ability: Asynchronous Webbased Collaborative vs. Question-Answer-Relationship
Instructional Approach, under review) in determining the critical thinking ability in
three different layers (i.e., individual critical thinking skills, criticality, and critical peda-
gogy) through assessing the validity of the proposed questionnaire. The model studied
in this study well confirmed the relationship between the factors identified in previous
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studies and the proposed model with six scales and twenty-two subscales showed a good
fit representing that argumentation, judgment, disposition, action, social cognition, and
creativity are proper components for measuring three-level critical thinking in language
learners.

The results of assessing the validity of CTI through CFA represented that all the
three absolute fitness indices, parsimony fit indices, and incremental fit indices have
desirable values in the model, and the proposed model is consistent with its experi-
mental model; meaning that the divergent validity of the structure is confirmed.
Therefore, combining the results of covariance analysis, the three-level analyses, and
the reliability calculations, it can be seen that the questionnaire is valid and reliable.
This represents that a critical thinker EFL reader is an individual with the ability to
make argumentation (i.e., to find relevance, provide reasoning, recognize language
use, comprehend the text’s organization, and distinguish author’s voice), to make
judgement (i.e., to pass the buck and vigilant), to provide dispositions (i.e., to inno-
vate, be mature, and engage in doing activities), to act (i.e., to form habitual actions,
to understand, to be reflective, and to have critical reflection towards issues), to have
social cognition (i.e., to have social competence, literacy, cultural competence, and be
extrovert), and to be creative (i.e., to be able to elaborate, be flexible, have fluency, and
propose original ideas).

Future research can introduce the extent and manner of internalization of the
introduced skills and the effectiveness of different internalization methods. In
addition, it should be noted that in this study, the views of language learners were
examined. It is necessary to examine the introduced criteria also from the point
of view of teachers and administrators in order to answer questions such as the
following: Are teachers’ perceptions different from students? If so, what are the
differences? What are the effective strategies in teaching these criteria? This type
of research can also determine whether students, teachers, and planners have the
same understanding of the concepts as well as the strategies used in the class-
room. And whether their understanding of the criteria introduced in the first lan-
guage is the same as in the second language? Moreover, due to the distribution
of the gathered data in this study, the factor analysis method with partial least
squares (PLS) approach was used. Subsequent researchers can use other analy-
sis programs, such as LISREL or AMOS, for structural analysis relying on larger
communities.

Finally, it is necessary to mention that the generalization of the results of this study
to other fields and research communities is not possible due to the limited number
of participants and its specific field, and it is recommended that first the necessary
research efforts be made to apply this scale in different educational fields and socie-
ties in order to have more strength and generalizability.
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