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Abstract: The aim of this study is to develop a valid and reliable measurement tool 

that measures critical thinking skills of university students. Pamukkale Critical 

Thinking Skills Scale was developed as two separate forms; multiple choice and 

open-ended. The validity and reliability studies of the multiple-choice form were 

constructed on two different theoretical frameworks as classical test theory and 

item-response theory. According to classical test theory, exploratory and 

confirmatory factor analyses were performed, to item-response theory, the 

Generalized Partial Credit Model (GPCM) for one-dimensional and multi-category 

scales was tested for the construct validity of the multiple-choice form of the scale. 

Analysis results supported the unidimensional structure of the scale. The reliability 

analyzes showed that the internal consistency coefficient of the scale and the item-

total correlation values were high enough. The test-retest analysis results supported 

that the scale shows stability over time regarding the field it measures. The results 

of the item-response theory-based analysis also showed that the scale met the item-

model fit assumptions. In the evaluation of the open-ended form of the scale, a 

rubric was used. Several studies were conducted on the validity and reliability of 

the open-ended form, and the results of the analysis provided psychometric support 

for the validity and reliability. As a result, Pamukkale Critical Thinking Skills 

Scale, which was developed in two forms, is a valid and reliable measurement tool 

to measure critical thinking skills of university students. The findings were 

discussed in the light of the literature and some suggestions were given. 

1. INTRODUCTION 

All living things on earth have genus specific biological and cognitive resources that enable 

them to adapt to the world (Tolman, 1932, p. 374). The main skill that distinguishes humans in 

terms of these resources is thinking. Thinking as a core concept for all cognitive actions of 

human beings includes many important sub-processes. In this sense, the literature distinguishes 

among different high-level thinking processes such as reflective thinking, creative thinking, and 

critical thinking. Reflective thinking, like critical thinking conceptualized by Dewey (1933) and 
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often used interchangeably, can be defined as the process of creating a new understanding that 

makes the meaning and importance of the phenomenon apparent through processing the 

phenomenon and related intellectual experience analytically (Boyd & Fales, 1983). In other 

words, reflective thinking includes the process of making judgments for controlling and 

improving the learning process by actively thinking about what is known, what is lacking and 

how the discrepancy can be eliminated (Dewey, 1933). In the most general sense, creative 

thinking is defined as the ability to create new products (Parkhurst, 1999) by offering solutions 

or perspectives that have not been offered yet.  On the other hand,  critical thinking, referred by 

Paul (2005) as thinking about thinking, is defined as the  evaluation and meaning making 

process (Mazer et al., 2007) of identifying the main themes and assumptions behind the claims 

presented in light of reasons and evidence independently of the effects of current prejudice and 

past experiences (Paul & Elder, 2001), discovering relationships, drawing conclusions based 

on existing evidence and considering whether these conclusions are valid based on the evidence 

(Pascarella & Terezini, 1991). Although each one of the aforementioned thinking processes is 

important in carrying out the daily life’s actions and tasks which are getting more complex, 

diverse and requiring multi-dimensional perspective day by day, the critical thinking is no 

longer just an ability with extra advantage, rather, as the base of all other thinking processes 

(Paul & Nosich, 1991; Ruggiero, 1990), it has become an indispensable perquisite for the 

adaptation to today’s world where information is temporary, intense and often misleading.As a 

matter of fact, in today's world, defined as the information age by many researchers in recent 

years, there has been numerous calls for critical thinking to be an indispensable part of the 

educational process (Facione, 2015; Lipman, 1988; Siegel, 1988; Uzuntiryaki & Capa-Aydin, 

2013) as a necessary skill needed in every aspect of life including workplace performance and 

leadership skills (Flores et al., 2012), crisis prevention management, which has become more 

important under the threat of global warming (Comfort, 2007) and ensuring the continuation 

and preservation of democracy through knowledge management as a citizen under the 

information bombardment (Rezaee et al., 2012). 

In spite of the existing need and it has a deep-rooted history dating back to Socrates (Bailey & 

Mentz, 2015), a common conceptualization that can provide scientific understanding and 

consistency in the literature has only emerged as late as 1990’s as a result of the Delphi project 

(Mpofu & Maphalala, 2017). Awareness of the importance of critical thinking increased due to 

the regained popularity of the 1980’s educational approach emphasizing the importance of 

inquiry-based high-level thinking skills where students are the main actors in the education 

process (Facione, 1990a). As a result of this awareness, The Delphi project was initiated to 

create a consensus-based conceptualization that could be used in critical thinking teaching by 

means of a holistic definition (Facione, 1990a). Within the scope of the project, 46 experts who 

are known for their contributions to the field from philosophy, education, social and natural 

sciences formed a committee and worked for two years to determine what critical thinking is 
and its most important components, skills, and related behaviors. After intense exchanges 

among prominent figures in the field such as Dave Ellis, Richard Paul, and Peter A. Facione, 

the committee determined that critical thinking has two inseparable components: critical 

thinking skills and critical thinking dispositions. Critical thinking skills further consist of 

interpretation, analysis, evaluation, inference, explanation, and self-regulation sub-skills.  

Interpretation skills, which are defined as understanding the content and importance of the text 

by critically considering the material at hand, independently of their own subjective thoughts, 

include cognitive skills such as recognizing the problem, defining it objectively, defining the 

content in one's own words, and defining the author's point of view. Analyzing is to identify the 

inferential relationships between elements by identifying the ideas and arguments presented in 

the content. In this framework, analysis includes actions such as finding the source of the claims 

in the content, identifying the similarities and differences between different options. Evaluation 
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includes skills such as deciding based on the credibility of a content to determine the reliability 

of the judgment, belief, decision, or ideas presented in the content and the reasons presented for 

these ideas, whether the evidence presented sufficiently supports the conclusion reached, or 

whether the reason, judgment or ideas put forward are within the framework of logic, existing 

situation, and evidence. Inference involves reasoning and drawing conclusions by questioning 

presented arguments and assumptions in the light of available evidence. In this framework, 

creating a consistent content-based synthesis, predicting the next step, and identifying possible 

outcomes are among the examples of making inferences. Explanation, which is another sub-

dimension of critical thinking skills, is the ability to present the content as a coherent whole by 

synthesizing the ideas reached in the critical thinking process and is exemplified by actions 

such as presenting criteria that reflect the logic behind the decisions reached, turning the content 

into graphics. Self-regulation skill, which consists of self-testing and correction sub-skills, 

includes behaviors such as examining content objectively, reviewing previous decisions and 

ideas, referencing objective sources to be sure, and rearranging when erroneous inferences are 

noticed. In other words, self-regulation is the process of regulating one's own critical thinking 

process by critically addressing it. In addition to these sub-skills, Paul and Elder (2002) 

distinguish between weak critical thinking, which includes an objective analysis of the 

individual's content and is characterized as external to the individual, and strong critical 

thinking skills, which also includes the individual's monitoring of their own cognitive processes 

(p.38). Paul and Elder state that individuals with strong critical thinking listen to others even 

when they have completely different ideas from their own, try to understand by valuing their 

perspectives, and are able to change their own perspectives based on others' rationality. In other 

words, strong critical thinking also includes creating an objective reality by listening to others 

and evaluating events beyond their own personal needs within the framework of all other 

perspectives on the situation. This type of evaluation enables individuals to fully understand 

the others by putting themselves in the shoes of others and thus to develop a holistic 

understanding including the thinking of others and the underlying logic of this thought. For this 

reason, it can be argued that an important last sub-dimension of critical thinking is perspective 

taking, although it is not included in the Delphi project. In this context, perspective taking is 

the ability to approach the content from the perspective of others to express ideas based on the 

synthesis of different perspectives (Carpendale & Lewis, 2006) and to develop an original 

perspective. 

One of the common deductions of the experts involved in the Delphi project is that these skills 

can be taught by training. As a matter of fact, the literature supports this inference. Bensley et 

al., (2010) reported that a significant increase was observed in the critical thinking scores of the 

psychology program students who took the research methods course when they received 

training on the critical thinking process in the first three weeks of the course, but the critical 

thinking scores of the students who did not receive this type of training did not change. 

Similarly, Cisneros (2009) stated that the critical thinking scores of the pharmacy students who 

did not receive any explicit critical thinking training in the study did not improve throughout 

the year, even though they had above the average scores compared to what is reported in the 

literature. On the other hand, there are many studies showing the positive effects of critical 

thinking activities when critical thinking is clearly instructed or when these activities are 

presented as a natural part of the course (see Abrami et al., 2008;  Huber & Kuncel, 2016; Marin 

& Halpern, 2011; Mpofu & Maphalala, 2017; Msila, 2014; Sahool & Mohammed, 2018; Puig 

et al., 2019, for more detail). 

The general conclusion drawn when the findings of these studies are taken together is that 

critical thinking can be supported by experience, strategic information and practice (Snyder & 

Snyder, 2008) gained through especially a teaching process that includes questions encouraging 

the analysis and evaluations of the claims behind the idea and arguments within the scope of 
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healthy skepticism (Browne & Freeman, 2000). At the same time, it was pointed out that the 

university life provides valuable experiences in the development of critical thinking (Huber & 

Kuncel, 2016; Pascarella & Terenzini, 2005), which naturally brings together many students 

with different cultural and life experiences together, and where discussion and analysis is 

supported more than previous educational experiences. 

In many of the higher education institutions in Western societies, different methods are applied 

to support critical thinking skills as a result of this awareness (eg, Dumitru, et al., 2018). In 

Turkey, interest in critical thinking has increased recently, and although most of the studies 

have been carried out in the field of educational sciences (Batur & Özcan, 2020), the number 

of studies on critical thinking skills in different fields, especially health, business and 

economics, continues to increase. Most of these studies aim to determine the current situation 

(Batur & Özcan, 2020) and evaluate the competence levels of individuals' critical thinking 

skills. These studies indicate that university students' critical thinking skills are at medium or 

low level (e.g., Doğanay et al., 2007; Özmen, 2008). Another noteworthy point is that existing 

studies in the literature mostly use the concepts of skill and dispositions interchangeably and 

ignore the conceptual nuances between the two. 

The critical thinking disposition, which constitutes the curiosity and motivation necessary for 

an individual to think critically, expresses the tendency or willingness of the individual to 

critical thinking skills such as questioning, thinking of alternatives and searching for evidence 

(Facione, 1990a). Facione identified seven critical thinking dispositions: analyticity, truth-

seeking, self-confidence, maturity, open-mindedness, systematicity, and inquisitiveness. 

Although critical thinking dispositions are useful in predicting critical thinking skills as an 

integral part of critical thinking skills (Facione, 1997), unlike skills measured based on 

performance, it expresses a tendency to critical thinking and is measured through self-reports 

based on subjective evaluations. However, as mentioned above, critical thinking skills include 

performance based on deep processing of content through cognitive actions such as 

interpretation, analysis, evaluation, inference and explanation. Therefore, these skills could be 

measured only through testing the participant's ability to apply these skills instead of subjective 

evaluations of a person’s motivation to critically think.  

Despite this distinction, the studies conducted in Turkey mostly use skills and tendencies 

synonymously, and dispositions are often tested in the evaluation of programs that claim to 

support critical thinking skills (e.g., Atay, Ekim, Gökkaya, & Sağım, 2009; Güçlü & Evcili, 

2021; Nalçalı, et al., 2016; Özmen, 2008). In his comprehensive study that analyzed the 

historical development of critical thinking measurement tools in Turkey, Doğan (2013) stated 

that the psychometric properties of the scales for measuring skills have more psychometric 

issues compared to those measure dispositions. He also stressed the inadequacy of measurement 

tools based on adaptation studies as well as the need for the national psychometrically strong 

scale development studies. 

Despite these apparent differences, an important reason why these two terms are used 

interchangeably is the limitations regarding the availability of a valid and reliable scale adapted 

to Turkish culture to measure critical thinking skills in the adult population. A series of tests 

have been developed in the literature to measure critical thinking. The most widely used of 

these tests in the literature are the Watson-Glaser Critical Reasoning Scale (WGCTA- Watson- 

Glaser Critical Thinking Apprasial, Watson & Glaser, 1980), The California Critical Thinking 

Skills Test (Facione &Facione, 1992), Cornel Critical Thinking Test Level X and Level Z 

(Cornell Critical Thinking Test Level X- Level Z) (Ennis & Millman, 1985) and New Jersey 

Test of Reasoning Skills (Shipman, 1983). Despite the intense work in the literature and the 

development of many measurement tools, the debate about the validity and reliability levels of 

these tests continues, and the findings are that the psychometric levels of these tests are not 
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ideal, or the findings are inconsistent (Abrami et al., 2008). In Turkey, validity and reliability 

studies were conducted on only a few of these scales -Watson-Glaser Critical Reasoning Scale 

and the California Critical Thinking Skills Test and the Cornell Critical Thinking test, which 

was developed to measure the critical thinking skills of preschool children- and many studies 

reported psychometric properties that were far from ideal.  

Ayberk and Çelik (2007) collected data from pre-service teachers and reported reliability 

coefficients values ranging from .10 to .35 for the subscales of Watson-Glaser Critical 

Reasoning Scale, where the reliability coefficient for the whole scale was only .38. They 

pointed out that these numbers were similar to the values of .29 and .53 obtained by Evcen and 

Çıkrıkçı-Demirtaşlı (2002). On the other hand, the only subscale of The California Critical 

Thinking Skills Test commonly used in Turkey is the one measuring dispositions. The sub-

scale of critical thinking skills has been shown to have reasonable psychometric values in 

studies conducted abroad (Facione, 1990b; Facione, 1990c), and although these findings were 

supported across different cultures, there are also call for caution regarding the use of the scale. 

For example, Jacobs (1995) reported that although the reliability coefficients of the A and B 

forms of the scale were .56 and .59, the reliability coefficients of the subscales were as low as 

.14. Moreover, although the scale has been translated into Turkish, it continues to be a 

measurement tool with very low accessibility since it is subject to a practically an unreachable 

fee in Turkey’s conditions and is not equally open to all researchers. 

Today, although critical thinking skills are needed in all areas of life and have become a 

prerequisite for the healthy functioning of society, there is currently no accessible scale to 

measure students' critical thinking skills in university that prepare individuals for working and 

living conditions and hence expected to support critical thinking skills.  However, the lack of 

an accessible scale that can measure the critical thinking skills of students in university 

environments where critical thinking opportunities and development potential are abundant, 

makes it difficult to monitor whether the required improvements are achieved as a result of the 

current educational experiences offered in higher education institutions.  At best, the lack of a 

valid scale limits the research scope to making predictions about critical thinking skills through 

dispositions. 

In the light of the literature above, the need for an economical, accessible, valid and reliable 

measurement tool developed in Turkish culture is evident. In this context, the main purpose of 

this study is to develop a valid and reliable measurement tool for measuring critical thinking 

skills of university students in the context of Turkish culture. 

2. METHOD 

2.1. Participants 

In the research, the aim was to develop both multiple choice and open-ended forms of the 

critical thinking skill scale, and for this purpose, data were collected from students studying in 

the field of teaching in different age groups and different departments. The data were collected 

according to convenient sampling method from prospective teachers studying in the 1st, 2nd, 

3rd and 4th grades of Pamukkale University Faculty of Education between the 2019-2021 

academic years. 

During the construction of the open-ended form, data were collected from the participants in 

order to develop the rubric and to determine the response distributions, and then 15 participants 

were asked to answer the scale again for the reliability analysis of the test. 

The data for the multiple-choice form were collected from two different groups. First, data were 

collected from 355 participants and analyzes based on Exploratory Factor Analysis (EFA) and 

Item Response Theory (IRT) were conducted. 29% (103 people) of the participants are male 
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and 70% (251) are female. The average age of the participants is 20.75. The Table 1 gives the 

distribution of participants by grade level. 

Table 1. The distribution of participants by grade level for EFA. 

Grade Level Frequencies (f) Percentage (%) 

First 168 47.323 

Second  80 22.535 

Third     34 9.577 

Fourth    73 20.281 

total 355 100.00 

The majority of the sample (47.32%) consists of 1st year prospective teachers. While the 

distributions of the 2nd (22.53%) and 4th grades (20.28%) are close to each other, it is seen 

that there are at least (9.57) 3rd year prospective teachers in the sample. The distribution of 

the participants according to the departments is given Table 2. 

Table 2. The distribution of the participants by the departments. 

 Frequencies (f) Percentage (%) 

Mathematics and Science 82 23.119 

Turkish and Social Studies 47 13.260 

Foreign languages 94 26.478 

Special education 44 12.651 

Guidance and Psychological Counseling  88 24.507 

Total 355 100.000 

The distribution of the participants participating in the research in the fields of mathematics and 

science (23.12%), foreign languages (26.48%) and guidance and psychological counseling 

(24.51%) is close to each other. In addition, the rate of these fields is higher than the fields of 

Turkish and social studies (13.26%) and special education (12.65%). 

The scale was applied to 156 participants for Confirmatory Factor Analysis (CFA), which is 

used to determine the construct validity of the multiple-choice test. 26.00% of the participants 

are male (40 people), 74.00% are female (116). The predominance of female students in 

education faculties is a reflection of the sampling in the research. The average age of the 

participants was calculated as 21.91. Table 3 gives the distribution of the participants according 

to their grade levels. 

Table 3. Distribution of participants by grade level for the CFA. 

Grade level Frequencies (f) Percentage (%) 

Second 56 35.897 

Third       70 44.871 

Fourth    30 19.232 

Total 156 100.000 

36% of the participants are second graders, 45% are third graders and 19% are fourth graders. 

The number of fourth graders in the sample is less than the second and third grades. The 

distribution of the participants according to their departments is given in Table 4. 

Table 4. The distribution of the participants by the departments. 

 Frequencies (f) Percentage (%) 

Mathematics and Science 49 31.410 

Foreign languages 45 28.846 

Guidance and Psychological Counseling  62 39.743 

Total 156 100.000 
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Data was collected from three different departments. The number of participants participating 

in mathematics and science (31%) and foreign languages (29%) is close to each other, while 

the number of participants participating in Guidance and Psychological Counseling (40%) is 

higher. 

2.2. Data Collection 

In the research process, the theoretical framework was decided by analyzing the literature and 

existing scales to determine the type of measurement tool used to measure critical thinking 

skills (see Doğan, 2013, for more detail). The existing scales developed abroad (Watson-Glaser 

Critical Reasoning Scale, California Critical Thinking Skills Test, Cornel Critical Thinking Test 

Level X and Level Z, New jersey Thinking Skills Test), as well as the Critical Thinking Skills 

Test developed in Turkey (Eğmir & Ocak, 2016) were mostly observed to be in multiple-choice 

test format and in the form of independent questions. It was decided to form open-ended 

questions based on the text in order to evaluate the respondent's behavior at different cognitive 

levels, given an existing situation in the presentation of the relevant structure. 

Selecting the text is a critical process in terms of guiding the further steps of the research. At 

the first step of the writing process of the essay, the topic was determined. The text was selected 

based on its relatedness to real life so that it could capture the respondents’ attention, its depth 

and its suitability for preparing questions to tap different cognitive levels. In addition, the prior 

knowledge of the respondents and the difficulty of the text were taken into account, as it may 

affect the reader's understanding (Mullis et al., 2009). Among the different topics suggested by 

the researchers, vaccines and today's reflections were chosen as the subject. In the text, 

speculations based on the relationship between vaccine and autism and possible side effects of 

the vaccine are mentioned. It is an informative compilation text created by bringing together 

the information from different sources. Two Turkish language experts examined the text in 

terms of the criteria and grammar mentioned above, and the text was finalized by making the 

relevant corrections. An example of a short paragraph from the text is given below. 

“While developing technology provides many conveniences in our lives, it has also 

brought some discussions. One of these debates is whether the vaccines made to protect 

our children from diseases by strengthening the immune system are associated with 

autism or not. In the last 20 years, cases of autism in developed countries have increased 

dramatically. While the probability of autism in a child born in the United States in 1992 

was one in 150, this number increased to one in 68 in 2004.” 

Upon construction of the text, open ended questions were written in light of the 

cognitive processes of critical thinking proposed in the literature (eg, Ennis, 1991; Facione, 

1990a; Irani et al., 2007; Lippman, 1988; Norris & Ennis, 1990; Watson & Glaser, 1980) and 

therefore were decided to develop around seven cognitive processes The cognitive processes 

that are considered in the preparation of the questions and their definitions are as follows. 

Interpretation: Understanding and expressing the meaning or significance of a wide variety 

of experiences, situations, data, events, judgments, conventions, beliefs, rules, steps or criteria. 

Sub-skills are classification, inferring and clarifying meanings. 

Analyzing: Identifying inferential relationships between phrases, questions, concepts, 

explanations, or different forms of expression intended to express belief, judgment, experience, 

reason, knowledge, or opinions. Sub-skills are examining ideas, identifying arguments, and 

analyzing arguments. 

Evaluation: Determining the reliability of explanations or definitions or statements made about 

perceptions, experiences, situations, decisions, beliefs or opinions, as well as; evaluating the 

logical strength of inferential relationships between statements, definitions, questions, or other 

representations. Sub-skills are evaluation of claims and evaluation of arguments. 
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Inference: Identifying the elements necessary to reach a logical conclusion, forming 

assumptions and hypotheses correctly, considering relevant information, and revealing results 

obtained from statements, principles, evidence, ideas, beliefs, opinions, concepts, questions and 

other forms of representation. Sub-skills are questioning evidence and reasoning and drawing 

conclusions about alternatives. 

Explanation: Presenting one's reasoning results in a convincing and coherent way means being 

able to look at the big picture. Sub-skills are determining conclusions, justifying the steps, and 

presenting the arguments. 

Self-regulation: Applying the cognitive activities, the elements used in these activities, and 

especially the skills of analysis and evaluation from the perspectives of questioning, validation, 

validation or correction to one's own inferential decisions. Sub-skills are self-testing and self-

correction. 

Perspective taking: Bringing different perspectives together and establishing cognitive 

empathy. In this sense, it can be said that perspective taking is a form of cognitive empathy. 

Detailed information about the content of cognitive processes is included in the handbook of 

the scale. In this structure, the assumption that cognitive processes progress from an easy 

structure to a more complex structure has been accepted. 

A total of 10 questions were composed/written based on two interpretations, two analyses, one 

evaluation, one inference, one explanation, two self-regulations and one perspective taking, 

based on the criteria specified above. In order to see the clarity of the questions, a pilot 

application was made with a sample of 10 participants, and the participants were asked 

questions that they did not understand or had difficulties. When the data were examined, it was 

observed that the desired answers could not be obtained, especially in the perspective taking 

question. Later, this question was reconsidered and revised by the researchers. The questions 

were rearranged by taking the opinions of a total of five experts in the field of critical thinking 

and measurement and evaluation before the pilot implementation. 

The open-ended form consists of 10 items. The scale was applied to 136 participants within the 

scope of the research in order to develop the Rubric used in the evaluation of the scale. Then, 

the answers given to each question were brought together separately and analyzed and grouped 

from the most correct answer to the wrong answer. The answers given were grouped between 

one point and five points. 

Based on the data received from experts and participants during the process, it was decided to 

develop a multiple-choice form in order to reduce the scoring bias of the scale, to facilitate the 

scoring and to enable it to be answered in a shorter time, in other words, to increase its 

usefulness (Cohen et al.., 1992; Ebel, 1972). As with open-ended questions, multiple-choice 

questions have options ranging from one to five points. The highest score that can be obtained 

from the test is 50 and the lowest score is 5. If the respondent receives zero (blank), one or two 

points from one of these two questions, he is deemed to have received zero points from the 

remaining items. Answers in the remainder of the test are not scored. In this case, the student 

gets zero points in total. Even if the student has not answered any question correctly, he/she can 

get zero points. While creating the options of the multiple-choice form, attention was paid to 

the followings: 

✔ Harmony with the root in terms of grammar and meaning, 

✔ Similar lengths of the options, 

✔ Compatibility of the closeness of the distractors to the correct answer and the planned 

difficulty level of the items, 

✔ The use of participants common mistakes in distractors (Bilican, 2021). 
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In addition, while preparing the test, the followings were considered in the test order; 

✔ not to not placed the correct answers of the items in a certain pattern, 

✔ to leave a certain gap between the items, the item root and the options, 

✔ the suitability of the number of selected options to the level of the respondent, 

✔ the first items are suitable for the lower level of the cognitive level and the last items 

are suitable for the last level of the cognitive level, 

✔ to put a directive informing the students at the beginning of the test (Haladyna, 1997). 

After the questions and options were written, five different experts working in the field of 

critical thinking (two critical thinking, one language, two assessment and evaluation) were 

asked to examine the multiple-choice test by considering the table of specification of the scale. 

The final version of the scale was determined according to the feedback received. In order to 

determine the psychometric properties of the scale, an application was made on two different 

study groups of 355 and 156 participants. One of the points to be considered in the scoring of 

the multiple-choice test and the open-ended test is that the first two interpretation skill questions 

in the test are criterion items. If the respondent gets zero (blank), one or two points from one of 

these two questions, she/he is deemed to have received zero points from the remaining items. 

In other words, in order to get points from the whole scale, the respondent must not score less 

than 2 in the first two questions. Under the leadership of Bloom, one of the most significant 

names in the education literature, many contemporary education researchers have 

conceptualized thinking skills in a spectrum ranging from basic processes such as knowledge, 

understanding and comprehension to thinking processes such as higher-level analysis and 

synthesis based on these basic processes (e.g. Anderson & Krathwohl, 2001; Crockett, 2019; 

Dwyer et al., 2014). The common argument of these conceptualizations is that the inferences 

reached by the reader who cannot grasp what the content means correctly will be wrong, and 

therefore, low-level comprehension skills form the basis of critical thinking skills (Dwyer et 

al., 2014). As a matter of fact, Williams et al. (2003) showed that a program for the development 

of critical thinking skills did not cause an increase in the critical thinking scores of students 

with low academic skills despite having the same feedback and practical experiences as other 

students, in other words, those who already have problems in understanding the text 

demonstrated the need for additional support to develop critical thinking. In this framework, 

the scores obtained from the other items measuring high-level skills such as analysis and 

evaluation, which should be formed within the scope of this basic understanding, were not 

calculated by the students who did not correctly answer the first two questions about the 

comprehension level of the text, and the scores of these students regarding their critical thinking 

skills were recorded as low. In such a case, it is assumed that the participants do not have the 

ability to answer other questions correctly and guess the answers by chance. 

The rubric development process for the open-ended form of the scale was reconsidered after 

the development of the multiple-choice test. It was decided to give score points to the whole 

answer given by the student to each question and a holistic rubric was prepared. For this 

purpose, the answers received from 136 participants were examined and scores were graded for 

each level from the highest to the lowest. It was deemed appropriate to make the scoring 

between one point and five points. Participants who did not answer the question or answered 

meaninglessly were given zero points. In addition, what is expected from the respondent for 

each success level is written with clear descriptive statements. Using participants’ responses 

based on these definitions, possible examples are given. Open-ended questions and the 

developed holistic rubric were finalized by taking the opinions of three assessment and 

evaluation experts. In order to determine the scoring reliability of the rubric, the open-ended 

test was applied to a similar sample of 15 participants. Responses were scored by five 



Duru et al.,

 

 750 

researchers and three independent experts. In order to determine the consistency between the 

scores, the intraclass correlation coefficient between the five researchers and between a 

randomly selected expert from the research group and three independent experts was examined. 

A sample item and rubric are given below. 
 

LEVEL: INTERPRETATION (Classifying, inferring and clarifying meanings) 

QUESTION 1. What do you think is the best title for this text? 

Score Evaluation Criteria  Sample answers 

5 Reflects the main theme (content/scope/focus of 
the text) of the text in the title,  
Explanation: The title fully reflects the 
relationship between vaccines and autism, which 
constitutes the content of the text. 

• Relationship/link between vaccines 
and autism 

• Vaccination and autism 
• Discussions on the Relationship 
Between Vaccination and Autism 

4 Although includes the main 
argument(s)/discussions of the text in the title, 
narrows the scope partially. 
Explanation: While examining the main focus of 
the text (the relationship between vaccines and 
autism), the title narrows it down to imply a 
causal relationship. 

• Effects of vaccine on autism 
• Is Vaccine a Cause of Autism? 
• Do vaccines really cause autism? 

3 Mentions only one of the main points that 
constitute the text content in the title (ya da 
mentions only one of texts content’s main points 
in the title) 
Explanation: Although the main focus of the text 
is the relationship between shot and autism, limits 
the content by mentioning either only shot or 
autism in the title. Or even though mentions both, 
narrows the scope of at least one to the degree it 
does not reflect the text anymore. 

• Is the vaccine our friend or not? 
• Autism and Its Causes 
• Vaccine and its importance· 
• The relationship between triple 
vaccine combination and autism 

  

2 Although the title emphasizes the focus/most 
important elements/main elements of the text, it 
narrows the scope causing significant 
misunderstanding. 
Explanation: Although it mentions vaccine and/or 
autism in the title, it uses expressions that cause 
misunderstanding in a way that cannot be 
excluded from the scope of the text.  
Sets an irrelevant title that does not reflect the 
scope of the text. 

• Does the developing technology 
trigger autism? 

• Vaccine-Autism Theory or 
Technology and Neuropsychiatry 

• Autism and infectious diseases 
• Increase in Diseases and Vaccination 
• Are vaccines killing our children? 

1 Explanation: It does not include any statement 
that will reflect the relationship between vaccine 
and autism, which is the main element of the text. 

• Incorrect treatment and possible 
consequences 

• Can technology make us worse while 
improving it? 

• Severe consequences of unfair 
ignorance 

• Science and diseases 
 

The open-ended form and the multiple-choice form were applied separately to different groups 

in the classroom environment under the supervision of the researchers. While it took 20-30 

minutes to answer the open-ended form, it took 10-15 minutes to answer the multiple-choice 

form. 
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2.3. Data Analysis  

2.3.1. Validity and reliability analysis of critical thinking multiple choice form according to 

Classical Test Theory 

Exploratory Factor Analysis (EFA) was performed to test the construct validity of the scale and 

to identify the items that best revealed the construct. Principal Axis Factoring Method, one of 

the factor determination methods, was preferred in EFA. Before the analyses, the assumptions 

of the factor analysis were tested. Univariate and multivariate outliers and missing values were 

examined in the data collected from a total of 355 participants, and finally, analyzes were 

carried out with a sample of 336 participants. Since the number of missing values was low (less 

than 5%) (Bennett, 2001; Shaffer, 1999) no data imputation method was used and they were 

excluded from the sample. The correlations between the ten items in the scale are given in Table 

5.  

Table 5. Inter-item correlation coefficients for EFA. 

Item no  I1 I2 I3 I4 I5 I6 I7 I8 I9 I10 

I1 1.000**          

I2 .304** 1.000**         

I3 .496** .281** 1.000**        

I4 .504** .211** .464** 1.000**       

I5  .544** .290** .447** .544** 1.000**      

I6 .569** .281** .519** .591** .592** 1.000**     

I7 .627** .307** .577** .578** .630** .705** 1.000**    

I8 572** .314** .524** .534** .577** .682** .768** 1.000**   

I9 .559** .298** .472** .553** .542** .583** .702** .739** 1.000**  

I10 .540** .322** .487** .515** .585** .596** .659** .636** .585** 1.000** 
**p<0.001 

The correlation coefficients between the items vary between 0.211 and 0.768. Although the 

correlation of I2 with other items is observed to be somewhat low (0.211 to 0.322), there are 

significant correlations between the variables according to the result of the Barlett test, which 

tests the significance of the correlation matrix and the suitability of the data for analysis, the 

data set is suitable for analysis (p<0.01). Finally, the KMO (Kaiser Mayer Olkin) value, which 

gives information about the suitability of the sample size for each variable and the whole model, 

was calculated as 0.947. It means the number of samples (336) used in the analysis is sufficient 

for the analysis. 

While deciding the number of factors in EFA, it was tested with a parallel analysis in addition 

to the analysis results. The number of factors obtained from the factor analysis and the number 

of factors suggested by the additional analysis were compared in the scatter plot. The proof of 

reliability of the scale was calculated with the Cronbach's Alpha reliability coefficient, which 

gives information about internal consistency, and it was examined item discrimination, based 

on item-total test correlation, and the difference between the lower and upper 27% groups. 

Test-retest reliability was also tested in order to obtain additional information about the 

reliability (in terms of stability) of the scale. For this purpose, the multiple-choice form of the 

critical thinking scale was applied twice to a similar sample group of 35 participants, one month 

apart, and the correlation between the first and second applications of the students was 

examined. In addition, the difference between the pretest-posttest scores of the critical thinking 

variable were examined using the paired sample t-test, and it was determined whether the 

variable changed over time. SPSS 26 was used for EFA and reliability analysis and Jamovi 2.3 

program was used for parallel analysis. 

To test the construct validity of the scale, confirmatory factor analysis (CFA) was performed 

with the data set collected from a different sample (156 participants) at the last stage. Before 
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the analysis, univariate and multivariate outliers were tested and two data were excluded from 

the analysis. In addition, the multivariate normality assumption was tested using Mardia's 

skewness and kurtosis coefficients. As a result of the analysis, it was seen that the data set did 

not meet the multivariate normality assumption (ꭕ2=509 p<0.001). For this reason, Robust 

Maximum Likehood (MLR) was used as the estimation method in CFA. Before the analysis, 

the adequacy of the correlation coefficients between the variables was examined. Table 6 shows 

the correlation coefficients between the items used for CFA. 

Table 6. Inter-item correlation coefficients for Table CFA. 

Item No I1 I2 I3 I4 I5 I6 I7 I8 I9 I10  

I1 1.000          

I2 .333** 1.000         

I3 .578** .217** 1.000        

I4 .578** .128 .430** 1.000       

I5 .597** .166* .392** .570** 1.000      

I6 .632** .197* .558** .615** .628** 1.000     

I7 .671** .187* .581** .591** .574** .745** 1.000    

I8 .645** .184* .492** .530** .546** .699** .776** 1.000   

I9 .626** .172* .444** .576** .488** .599** .728** .782** 1.000  

I10 .588** .203** .461** .546** .614** .679** .675** .621** .618** 1.000 
**p<0.001, *p<0.05 

Except for I2 in the scale, correlations between items vary between 0.392 and 0.782. Although 

correlations between I2 and other items were significant at the 0.05 level, only one value (rm2-

m4=0.128, p>0.01) was not significant. When the distribution of participants' answers to the I2 

item was examined, it was determined that 73% (116) of 156 participants had the most correct 

answer, and the distribution was less than the other options. This may indicate a problem 

regarding the distinctiveness of the item. It was observed that the item measures the 

"interpretational behavior", which is an important step of critical thinking, and no problems 

were encountered in its writing or in the process of understanding the options. Due to the 

significant correlations between I2 and other variables, it was decided by the researchers that 

the item should remain on the scale. The decision of whether the item remains on the scale was 

decided according to the results of the CFA. Jamovi 2.3 program was used for CFA analysis. 

2.3.2. Validity and reliability of critical thinking multiple choice form according to Item 

Response Theory 

Measurement tools can be developed based on different theories, the validity and reliability 

proofs of the multiple-choice form of critical thinking based on Classical Test Theory (CTT) 

are given above. Traditionally, CTT is used in development tools. However, there are some 

limitations brought by the CTT, for example, the psychometric properties of a tool developed 

according to the CTT are affected by the characteristics of the individuals who answered the 

test. In another theory, Item Response Theory (IRT), item parameters can be evaluated 

independently of group characteristics and group characteristics can be evaluated independently 

of item sample (Hambleton & Swaminathan, 1985). For this reason, validity and reliability 

analyzes of the Critical Thinking Scale based on IRT were also tested. Due to the structure of 

the scale, parameter estimations were made using the Generalized Partial Credit Model 

(GPCM) for one-dimensional and multi-category scales. GPCM is a generalization of the 2-

parameter logistic model (2PLM) used for items scored in two categories. For item 

discrimination a parameter and the difficulty b parameter is used which is one less than the 

number of categories.  In addition, since GPCM is basically a logistic model, a value of 1.702 

was used as the D scaling coefficient to approximate this model to the more mathematically 

complex ogive models. Analyzes were conducted on 336 participants. During the analysis, 



Int. J. Assess. Tools Educ., Vol. 9, No. 3, (2022) pp. 741–771 

 753 

catIRT tools (Aybek, 2021) and mirt (Chalmers, 2012) packages in R (R core team, 2022) were 

used in the creation of graphics. Before proceeding to the IRT analysis, the assumptions of 

unidimensionality, local independence and item model fit were tested. For the 

unidimensionality assumption, factor analytical methods were evaluated and the results of the 

EFA were examined, and for local independence, Yen's Q3 local independence statistic (Yen, 

1993) was calculated. The critical cut-off point was accepted as 0.30 (Røe, Damsgård, Fors, & 

Anke, 2014). For item-model fit, RMSEA values were analyzed in the S_ꭕ2 statistic. 

2.3.3. Validity and reliability analysis of critical thinking open-ended form 

In order to ensure the reliability of the measurement tool, text and text-based questions were 

applied to 15 participants who were randomly selected and had sample characteristics, and then 

five experts who conducted the research scored the answers of the participants to each item 

based on rubric. Each item in the scale is scored multiple times. In determining the reliability 

of scores obtained from multiple-scored measurement tools, the inter-rater reliability coefficient 

can be determined by the intraclass correlation coefficient (ICC), which gives consistency 

between raters. As the evaluation of the ICC approaches 1.00, which can be interpreted as the 

evaluation of the correlation coefficient, the consistency between the raters increases, while the 

consistency decreases as it approaches 0.00. The suggestion of Portney and Watskins (2000) 

was taken into account in the evaluation of the coefficient obtained. Accordingly, when the 

sample size is less than 30 and the number of raters is less than 3, below 0.50 indicates weak 

reliability, 0.5-0.75 shows moderate reliability, 0.75-0.90 implies good reliability, and above 

0.90 indicates excellent reliability. 

Considering that the raters in the research group were together during both the development of 

the scale questions and the development of the rubrics, the consistency between the scores of 

three independent experts in the field of critical thinking and a randomly selected expert from 

the research group was evaluated by looking at the inte class correlation. The intraclass 

correlation coefficient was examined for both the item and the total scores obtained from the 

scale. 15 participants' responses were re-scored for one month by an expert selected from the 

research group in order to determine whether there was a difference between the scoring of the 

rater at two different times (intra-rater reliability). The correlations between the total scores 

given by the rater to each participant based on the first and second measurement results were 

examined. SPSS 26 program was used in the analysis. 

In the research, it was tried to measure the same structure according to different measurement 

methods with the multiple choice and open-ended tests. The correlation between the scores 

obtained from these two scales in the study can also be considered as evidence for validity. 

Both tests were administered to 11 participants at different time intervals and the correlation 

between the scores was checked. Due to the small number of individuals, non-parametric 

Spearman Brown Rank Differences correlation analysis was performed. 

3. FINDINGS  

3.1. Validity and reliability findings of critical thinking multiple choice form according to 

Classical Test Theory 

In the exploratory factor analysis, the contributions of ten items in the scale were examined and 

it was determined that except I2, they varied between 0.398 and 0.721. The contribution of I2 

was calculated as 0.150, and the process was continued without removing the item from the 

analysis due to the reasons stated in the data analysis section. The explained total variance was 

examined to find the number of factors. Table 7 shows the explained total variance and 

eigenvalues. 
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Table 7. Explained Eigenvalues and total variance.  

Factor Total Total % 

I1 5.806 58.055 

I2 .861 66.666 

I3 .590 72.563 

I4 .549 78.053 

I5 .484 82.890 

I6 .465 87.544 

I7 .397 91.513 

I8 .387 95.388 

I9 .245 97.838 

I10 .216 100.000 

When Table 7 was examined, it was determined that there was only one factor (5.806) with an 

eigenvalue greater than 1 and this factor explained 58% of the total variance. It can be said that 

ten items were gathered under a single factor and explained more than half of the variance. In 

addition, when the parallel analysis scatter plot results based on the observed and expected 

values are examined, it is confirmed that ten items are grouped under a single factor. 

Figure 1. Parallel analysis scatter plot. 

 

Since the items were collected under a single factor, factor rotation was not performed. Finally, 

factor loading values were examined. Table 8 gives the factor loading values. 

Table 8. The factor loading values. 

Item No Factor Loading 

I1 .721 

I2 .380 

I3 .645 

I4 .690 

I5 .729 

I6 .797 

I7 .878 

I8 .841 

I9 .784 

I10 .759 

It is seen that the factor loads of the items are quite high (0.645-0.878). It was determined that 

only the factor load of I2 was 0.38, but this value was higher than the critical cut-off point of 

0.30 (Tabachnick & Fidell, 2013). In addition, the RMSEA value of the model fit indices was 



Int. J. Assess. Tools Educ., Vol. 9, No. 3, (2022) pp. 741–771 

 755 

calculated as 0.047, which indicates a good fit (Browne & Cudek, 1993). Ten items show a 

single-factor structure. 

After deciding on the number of factors, the reliability of the scale and the discrimination of the 

items were examined. The internal consistency coefficient of the scale was calculated with high 

reliability of 0.92. Although the number of items is small, it can be said that the scale is quite 

reliable in terms of internal consistency. The item-total test correlations are given in Table 9.  

Table 9. Item-total correlations and reliability values. 

Item No rjx Cronbach's Alpha value 

when item is removed 

I1 0.693** 0.910** 

I2 0.367** 0.923** 

I3 0.618** 0.913** 

I4 0.664** 0.910** 

I5 0.699** 0.908** 

I6 0.762** 0.904** 

I7 0.838** 0.900** 

I8 0.804** 0.901** 

I9 0.748** 0.905** 

I10 0.728** 0.907** 
**p<0.001   

When the item-total test correlations were examined, the lowest 0.37 and the highest 0.838 

correlation values were calculated. The item-test correlation value is above 0.30, it indicates 

that there is a sufficient relationship between the item and the construct to be measured 

(Tabachnick & Fidell, 2013). Although the item was removed from the model, it was observed 

that there was no significant change in the Cronbach Alpha value, and the Cronbach Alpha 

value calculated with ten items was quite high. 

In order to support the validity and reliability of the scale, item discrimination was also 

calculated according to the lower and upper 27% groups. Table 10 gives item discrimination 

according to 27% lower-upper groups. 

Table 10. Independent samples t-test between lower-upper 27% groups. 

Item No t-value 

I1 11.858** 

I2   8.822** 

I3 11.859** 

I4 10.871** 

I5 17.189** 

I6 13.098** 

I7 14.779** 

I8 16.589** 

I9 17.127** 

I10 17.008** 
**p<0.001 

The critical thinking scores of the participants in the lower and upper groups differ significantly 

for each item (p<0.001). The scores of participants with high critical thinking skills can be 

distinguished from the scores of participants with low critical thinking skills with the scale. 

To calculate the reliability of the scale as stability, the test-retest reliability was checked and a 

correlation of 0.52 was calculated between the first and second application. There is a 

moderately significant positive correlation between the two measurements (p<0.001). The 

scores of the participants did not change between the first and second applications. In addition, 
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for the data obtained from these applications, the difference between the pretest-posttest scores 

of the critical thinking variable was not significant (p>.001). No change was observed in the 

participants' critical thinking skills during the process. Paired sample t-test results are given in 

Table 11.  

Table 11. Paired sample t-test result. 

Application Mean N SD 
Mean 

difference 
SD t df p 

Pretest 38.085 35 5.537 
0.771 5.041 0.905 34 0.372 

Posttest 37.314 35 4.581 

CFA was performed to confirm the structure of the scale, which was found as a single factor. 

The overall goodness of fit values obtained when all items were added to the model and no 

modifications were made: ꭕ2/df=2.43 (Good), SRMR= 0.039 (Good), RMSEA= 0.095 (Poor), 

CFI=0.095 (Acceptable), TLI=0.94 (Low). According to Browne and Cudek (1993), a RMSEA 

value greater than 0.08 in the model indicates poor model-data fit. In addition, CFI and TLI 

values higher than 0.95 indicate good fit, while values between 0.90 and 0.95 indicate 

acceptable fit (Bentler, 1990). When the parameter estimations were examined, the 

standardized regression coefficients ranged between 0.628 and 0.884, while the standardized 

beta coefficient of I2 was significant at the 0.05 level (Beta= 0.248, p<0.05). While the variance 

rates explained by the items ranged between 0.39 and 0.78, I2 had the lowest explained variance 

(R2= 0.06). The model should be revised according to the obtained values. According to these 

results, I2 was removed from the model and the analysis was repeated, the overall goodness of 

fit values obtained: ꭕ2/df= 2.72 (Good), SRMR= 0.037 (Good), RMSEA= 0.104 (Very Poor), 

CFI=0.095 (Acceptable), TLI Calculated as =0.94 (Low). It was observed that there was no 

change in the model fit values when I2 was added or removed from the model, and even when 

it was removed, the RMSEA value increased, and the model weakened.  

Considering the cognitive process measured by I2, the researchers decided that I2 should remain 

in the scale, considering that I1 and I2 should be prerequisite items in scoring the scale, and 

that the prerequisite item should be measured with more than one item rather than a single item. 

In addition, instead of taking the average of all items in scale scoring, the validity of the 

presented answer was tested first. That is, although critical thinking is defined as a whole of 

multidimensional cognitive activities such as interpretation, understanding, and analysis (eg, 

Paul, 1990), the emergence of higher-level critical skills such as analysis and evaluation, and 

basic cognitive activities such as understanding and interpretation would not be possible 

without it. Therefore, in the present study, it is necessary to observe the cases where the 

questions I1 and I2, which measure the basic skills of understanding and interpretation, are 

answered incorrectly. 

When the modifications are examined to increase the model fit, the error variances of I8 and 

I9, which measure self-regulation skills, are connected, the goodness of fit values increase 

(ꭕ2/df=62.8/34=1.85 (excellent), SRMR= 0.035 (Good), RMSEA= 0.073 (Acceptable) 

CFI=0.097 (Good), TLI=0.96 (Good)) and model data fit was observed. Since the distribution 

of the answers to I8 and I9 is similar and the items measure similar cognitive levels (self-

regulation), this arrangement between errors was found appropriate by the researchers. The 

parameter values obtained from the model are given in Table 12. 

When the standardized beta coefficients giving the relationships between the items and the 

factor were examined, it was observed that the lowest correlation was I2 (0.253) and the highest 

correlation was I7 (0.880). However, most of the items have a regression coefficient above 0.60. 
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When looking at the variance explaining the factor, while the contribution of I7 is the highest 

(0.774), the contribution of I2 is the least (0.064). 

Table 12. CFA model parameter estimation values. 

Item No B SH β z R2 

I1 1.000 0.000 0.787   0.618 

I2 0.224 0.094 0.253 2.37* 0.064 

I3 1.184 0.099 0.638 11.89**  0.406 

I4 1.090 0.088 0.704 12.30** 0.495 

I5 1.386 0.112 0.707 12.30** 0.500 

I6 1.540 0.114 0.846 13.45** 0.715 

I7 1.585 0.115 0.880 13.70** 0.774 

I8 1.603 0.117 0.823 13.68** 0.677 

I9 1.570 0.118 0.773 13.23** 0.596 

I10 1.598 0.122 0.778 13.04** 0.606 

**p<0.001, *p<0.05 

3.2. Validity and Reliability Analysis Findings of Critical Thinking Multiple Choice Test 

Based on Item Response Theory 

When the EFA results, which were conducted to determine the unidimensionality of the critical 

thinking scale, it was determined that there was only one factor with an eigenvalue greater than 

1 (5,806) and this factor explained 58% of the total variance. Accordingly, it was found that ten 

items were gathered under a single factor and explained more than half of the variance. 

Violation of local independence may affect individual parameter estimates, reliability and 

validity estimates of the scale (Marais, 2009; Yen 1993). For this reason, the second assumption 

of the IRT, local independence, was tested and it was seen that all items were below the critical 

cut-off point (0.30) according to the Yen's Q3 local independence test and did not violate local 

independence. As the last assumption, item model fit was examined, and item calibrations were 

made according to GPCM. The S_ꭕ2 statistic for item concordance is given in Table 13. 

Table 13. Item fit indices. 

 S_ꭕ2 df RMSEA 

I1 28.620 27  0.013      

I2 97.837 28  0.086      

I3 78.936 55 0.036      

I4 54.391 45 0.025      

I5 75.403 47 0.042   

I6 56.867 43 0.031   

I7 45.416 35 0.030   

I8 37.517 34 0.018   

I9 62.882 41 0.040   

I10 83.608 47 0.048 

It was determined that the RMSEA values of nine items in the scale ranged between 0.013 and 

0.048, and these items fit well with the model. The RMSEA value of I2 was calculated as 0.086. 

This item has low agreement with the model. A similar situation was observed in both the item 

discrimination and the contribution of the item to the model in the EFA and CFA analyzes, but 

it was decided to keep the item based on expert opinion. 
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After deciding on the model item fit, item parameters and standard errors of these parameters 

were calculated. The values of the parameters are given in Table 14. 

Table 14. Parameter values and standard errors of items according to GKPM.  

Item no a b1 (0-1) b2 (1-2) b3 (2-3) b4 (3-4) b5 (4-5) 

I1 0.827 (0.114) NA -3.570 (0.505) -1.235 (0.317) -0.259 (0.279) -1.549 (0.339) 

I2 0.347 (0.064) NA NA -5.473 (1.165) 2.457 (0.897) -6.702 (1.406) 

I3 0.848 (0.124) -0.652 (0.267) -0.064 (0.254) 0.013 (0.240) 0.310 (0.219) 0.809 (0.228) 

I4 1.010 (0.131) 0.067 (0.343) -1.815 (0.367) 0.588 (0.163) 0.960 (0.202) 1.096 (0.248) 

I5 1.153 (0.177) -0.612 (0.247) -0.260 (0.231) -0.315(0.202) 0.818 (0.190) -0.129 (0.200) 

I6 0.996 (0.147) 0.080 (0.392) -0.490 (0.385) -1.298 (0.360) 0.200 (0.174) 0.309 (0.166) 

I7 1.399 (0.221) 0.380 (0.492) -1.365 (0.470) -0.856 (0.263) -0.121 (0.141) 0.657 (0.123) 

I8 1.603 (0.276) -0.439 (0.268) -0.530 (0.251) 0.053 (0.186) -0.509 (0.194) 0.318 (0.108) 

I9 1.868 (0.374) -0.865 (0.178) 0.420 (0.194) 0.019 (0.195) -0.427 (0.198) 0.112 (0.120) 

I10 1.002 (0.169) -0.531 (0.284) 0.261 (0.307) -0.325 (0.312) -0.239 (0.249) -0.558 (0.240) 

According to Table 14, it is observed that the discrimination parameters of the items (a) are 

close to 1.00. According to Baker (2001), 0.01-0.34 is considered very low, 0.35-0.64 low, 

0.65-1.34 moderate, 1.35-1.69 high, and 1.70 and above very high. Item discrimination gives 

information about the power of the item to distinguish students according to their abilities. The 

higher the discrimination, the better the item can distinguish individuals according to the 

relevant structure. Accordingly, six items (I1, I3, I4, I5, I6, I10) have medium discrimination, 

2 items (I7 and I8) have high discrimination, and one item (I9) has very high discrimination. 

The discrimination of I2 is low. The other predicted parameter is the “bi” (option response 

function) parameter, which gives information about the item difficulty or the item response 

frequency. In GPCM, the number of option response functions is one less than the number of 

possible options. Since the scale was scored between 0 and 5, five alternative response functions 

were calculated. However, when the response pattern of I1 and I2 was examined, b1 and b2 of 

these items could not be calculated since there were no students who got zero points in M1 and 

no students who got zero and one points in I2. Option response parameters ranged from -6,720 

to 2,457. When the b parameters are examined, it is seen that the b parameters of the items other 

than the 1st and 2nd items used as prerequisites include individuals with both low and high 

critical thinking levels. Item characteristic curves and item test information functions of ten 

items in the scale are given in Figure 2 and Figure 3. 

When the item probability functions and item information functions are examined together, it 

is seen that I2 does not provide information for all ability levels. The item probability function 

of this item focused especially on two score categories. These categories are 2 (P2) and 5 (P5). 

Therefore, individuals below -2 ability level are more likely to get 3 points from this item, while 

individuals above -2 ability level are more likely to get 5 points from this item. Other score 

categories for this item could not be differentiated for different ability levels. On the other hand, 

I9 provides very high information especially for individuals between -2 and +2 skill levels. 
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Figure 2. Item probability functions. 

 
 
Figure3. Item information. 

 
The test information function was evaluated (Figure 4), it was seen that the scale provided more 

information for individuals whose critical thinking levels were between -2 and +2, in other 

words, it distinguished these individuals better. 
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Figure 4. Test information functions. 

 

The empirical reliability coefficient of the scale based on IRT was calculated as .91. In addition, 

when the reliability function obtained for all ability levels is examined, the scale measures with 

a reliability above .80 especially for individuals between -2 and +2 ability levels. Figure 5 

shows the reliability of the test. 

Figure 5. Reliability of the test. 

 

3.3. Critical Thinking Open-Ended Form Holistic Rubric Validity and Reliability 

Findings 

To ensure the validity steps of the holistic rubric, the steps described in detail in the data 

collection section were followed. Extra care has been taken to ensure inter-research coherence 

in arranging the definitions based on each question and possible participant responses to these 

definitions. In addition, the developed scoring tool was finalized by taking the opinions of 

experts in two critical thinking, one Turkish language and three measurement and evaluation 

fields and making necessary adjustments. 

To determine the reliability of the scoring key, the consistency between the raters was 

examined. The correlation coefficients between the scores given by the five experts in the study 

to the answers of 15 participants are given in Table 15.  



Int. J. Assess. Tools Educ., Vol. 9, No. 3, (2022) pp. 741–771 

 761 

Table 15. Intraclass correlation coefficient (five experts). 

Item no Intraclass correlation 

coefficient 

I1 0.992** 

I2 0.956** 

I3 0.926** 

I4 0.993** 

I5 0.994** 

I6 0.974** 

I7 0.993** 

I8 0.968** 

I9 0.991** 

I10 0.985** 

Total score 0.966** 
**p<0.001 

Table 15 displays that the intra-class correlation coefficients range between the raters according 

to the items vary between 0.956 and 0.992. It can be said that the consistency between raters is 

quite high. When the total scores given by the raters to 10 items were compared, it was observed 

that the correlation coefficient between the raters was again very high (0.966). 

When the correlations between independent raters were examined in order to support the 

consistency between raters and to avoid bias, Table 16 correlation coefficients were obtained. 

Table 16. Intraclass correlation coefficient (four independent experts). 

Item no 
Intraclass correlation 

coefficient 

I1 0.983** 

I2 0.841** 

I3 0.628** 

I4 0.962** 

I5 0.746** 

I6 0.956** 

I7 0.832** 

I8 0.956** 

I9 0.876** 

I10 0.877** 

Total score 0.925** 
**p<0.001 

The consistency between the scores given by the four experts to each item varies between 0.628 

and 0.962. While the consistency between the raters was quite high for nine items, it was 

observed that the consistency between raters was moderate (0.628) in I3. In addition, there is a 

high (0.925) consistency among the raters according to the total scores. The evidence obtained 

reveals that reliable scoring can be done with the holistic rubric developed in scoring responses. 

The correlation coefficient obtained as a result of the same rater scoring 15 participants at 

different times was calculated as 0.765 (p<0.001). There is a positive high-significant 

relationship between the rater's first and second evaluations made with a one-month interval. 

This situation reveals that the scale also provides reliability against time. 

In the evaluation of the same structure according to different measurement types, the correlation 

between the scores of 11 participants from multiple choice and open-ended tests varied between 

0.461 and 0.658 for 5 raters. Accordingly, there was a positive moderate significant correlation 
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between the scores obtained from the multiple-choice test and the open-ended test (p<0.001). 

It is expected that the correlation coefficient between the same constructs will be high, but it 

should be considered that the answers to the multiple-choice test are more structured, and the 

objectivity is strong in the evaluation, whereas the bias stemming from the expert opinion in 

the evaluation of the answers to the open-ended test should be considered. Therefore, this may 

be the reason for the possible decrease in the correlation coefficient. 

4. DISCUSSION, CONCLUSION and SUGGESTIONS 

The main purpose of this study is to develop a measurement tool with high validity and 

reliability that measures critical thinking skills of university students. In this context, a series 

of studies were conducted on different participant groups. The results of the analysis support 

that the psychometric properties of the developed scale are acceptable and can be used to 

evaluate critical thinking skills of university students. 

In accordance with the scale development procedures, first of all, the literature was searched 

and the existing scales in the literature were examined (Ennis & Millman, 1985; Facione & 

Facione, 1992; Shipman, 1983; Watson & Glaser, 1980). The existing scales are mostly in 

multiple choice test format and in the form of independent questions/ the literature mainly 

includes scales in multiple choice test format and in the form of independent questions. In 

addition, these scales do not have strong psychometric properties or that the findings are not 

supported by different research results (Abrami et al., 2008). A similar situation seems to be 

valid for a few scales adapted for use in our country. In these studies, psychometric properties 

that are far from expected regarding the adapted scales were reported (Ayberk & Çelik, 2007). 

Therefore, in order to capture the critical thinking potential; It is thought that it is necessary to 

use performance-based evaluation rather than self-reports, critical thinking consists of related 

abstract cognitive structures, and it is more appropriate to conduct a holistic evaluation by 

evaluating the cognitive level reactions of the participants while presenting a case to identify 

these structures. For this purpose, it was decided to develop two separate forms of the 

Pamukkale Critical Thinking Skills Scale, which is structured based on the selected text; 

multiple choice format and open-ended format. The validity and reliability studies of the 

multiple-choice critical thinking scale are based on two different theoretical frameworks: 

classical test theory and item-response theory. In the evaluation of the open-ended form of the 

scale, the developed "rubric” was used. 

According to classical test theory, a series of analyzes were conducted to test the construct 

validity of the multiple-choice form of the critical thinking scale. Whether the partial 

correlations between the items and the correlation matrix were suitable for factor analysis were 

examined with the Kaiser-Meyer-Olkin (KMO) coefficient and the Barlett test (Fayers & 

Machin, 1995). The analyzes showed that the KMO value was high and the Barlett test result 

was significant. In order to determine the construct validity of the scale, factors with an 

eigenvalue above 1.00 according to Kaiser normalization were taken as the criteria. The 

findings showed that the items were collected on a single factor of 5,806 eigenvalues, which 

constituted 58% of the total variance. Considering that the variance explained in social sciences 

should be at least 40% and above (Stevens, 1992), the results of the analysis seem significant. 

When the items that make up the scale were analyzed in terms of factor loads, it was observed 

that the factor loads of the items ranged from .38 to .84. The fact that the factor loads are above 

.30 is considered important in terms of showing the high representativeness power of the items 

in the scale. Similarly, the break point of the graph supports that the breakout occurred after the 

first factor. 

After the exploratory factor analysis, Confirmatory Factor Analysis (CFA) was performed on a 

different study group to confirm the single-factor structure of the scale. When all items were 

added to the model and no modifications were made, some of the general goodness of fit values 
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were higher than expected (ꭕ2/df=2.43, SRMR= .039, RMSEA= .95, CFI=.95, TLI=.94). For 

example, according to Browne and Cudek (1993), a RMSEA value greater than .08 in the model 

indicates poor model-data fit. When the parameter estimations were examined, the standardized 

regression coefficients ranged from .62 to .88, while the beta coefficient of I2 was low (.25) but 

significant at the .05 level. All items except for I2 have a beta coefficient over .60. According 

to the obtained values, the model should be revised, and some modifications should be made. 

According to these results, I2 was removed from the model and the analysis was repeated, but 

it was observed that there was no change in the model fit values when I2 was added or removed 

from the model and even RMSEA value increased, and the model weakened when I2 was 

removed. Considering the cognitive feature measured by I2, it was decided to keep I2 in the 

scale. In addition, some modifications were made to increase model compatibility. It was 

observed that when the error variances of I8 and I9 were connected, the goodness of fit values 

increased (ꭕ2/df=62.8/34=1.85, SRMR= 0.035, RMSEA= 0.073, CFI=0.097, TLI=0.96) and the 

model data fit increased. It can be said that this arrangement between error variances is 

appropriate since the distribution of the answers given by the students to I8 and I9 is similar, 

and the items measure similar cognitive characteristics (self-regulation). In summary, the 

results of EFA and CFA analysis support the one-dimensional structure of the scale. 

Related to the reliability studies of the scale, the internal consistency was calculated with the 

Cronbach's Alpha reliability coefficient, the item-total test correlations were examined and the 

level of discrimination between the upper and lower groups of the items was examined, and the 

test-retest method was used to test the measurement stability. In the data analyzes, the internal 

consistency coefficient of the scale was calculated as .92. This result shows that the similarity 

of the items and the consistency of the responses to the items are high. 

When the item-total correlations and correlation matrix of the scale were examined, it was 

observed that the correlation values ranged between .37 and .84. If the item-test correlation 

value is above .30, it indicates that there is a sufficient relationship between the item and the 

construct to be measured (Tabachnick & Fidell, 2013). According to these results, it can be said 

that the items of the scale are positively and significantly related to each other and the whole 

scale. 

In order to support the validity and reliability of the scale, item discriminations were also 

calculated according to the lower and upper 27 % groups, and it was observed that the critical 

thinking scores of the participants in the lower and upper groups differed significantly for each 

item. According to these results, it can be said that the scale can significantly distinguish the 

scores of participants with high critical thinking skills from the scores of participants with low 

critical thinking skills. 

The test-retest method was used to test the measurement stability. For this purpose, the scale 

was administered to the participants with an interval of three weeks, and the Pearson Correlation 

Coefficient between the two applications was found to be significant at the level of .52. The 

results of the analysis also showed that there was no significant change in the scores of the 

participants between the first and second applications. These results indicate that the scale 

shows stability over time regarding the behavioral domain it measures. In other words, no 

significant change was observed in participants' critical thinking skills over time. 

Measurement tools can be developed based on different theories, the validity and reliability 

evidence of the multiple-choice form of critical thinking based on Classical Test Theory (CTT) 

are given above. In addition, validity and reliability analyzes of the Critical Thinking Scale 

based on IRT were also conducted. Before proceeding to the IRT analysis, the assumptions of 

unidimensionality, local independence and item model fit were tested. Considering the one-

dimensional assumption of the theory, EFA and CFA results support that Pamukkale Critical 

Thinking Skills Scale is one-dimensional. In addition, local independence, the second 
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assumption of the ITC, was tested and it was seen that according to the Yen's Q3 local 

independence test, the critical cut-off point for all items was below .30 and did not violate local 

independence. As the final assumption, item model fit was examined, and item calibrations 

were examined. According to the results of the analysis, it was observed that the RMSEA values 

of most of the items in the scale ranged between .013 and .048. Only the RMSEA of I2 was 

slightly higher than expected (.086). 

After deciding on the model item fit, the item parameters and the standard errors of these 

parameters were calculated, and it was observed that the discrimination parameters (a) of the 

items were close to 1.00. Accordingly, six items (I1, I3, I4, I5, I6, I10) have medium 

discrimination, 2 items (I7 and I8) have high discrimination, and one item (I9) has very high 

discrimination. The discrimination of I2 is low. Since the scale was scored between 0 and 5, 

five alternative response functions were calculated. When the b parameters were examined, it 

was seen that the b parameters of the items other than the 1st and 2nd items used as prerequisites 

in scoring included both individuals with low and high critical thinking levels. 

When the alternative response functions and item information functions are examined together, 

it can be said that the scale provides more information for individuals whose critical thinking 

levels are between -2 and +2, in other words, it distinguishes these individuals. The reliability 

coefficient of the scale based on IRT was calculated as .91. In addition, when the reliability 

function obtained for all skill levels is examined, the scale measures with a reliability above .80 

especially for individuals between -2 and +2 skill levels. As a result, IRT-based analysis results 

of the scale; unidimensionality, local independence, and item-model fit assumptions. 

In addition, a number of studies were conducted on the validity and reliability of the open-

ended form of the Pamukkale Critical Thinking Skills Scale, and the detailed steps given in the 

data collection section were followed in order to develop the rubric. In order to determine the 

reliability of the scoring key, the consistency between the raters was examined. According to 

the analysis results, the inter-class correlation coefficients between raters ranged from .95 to 

.99. When the total scores given by the raters to the 10 items were compared, it was observed 

that the correlation coefficient between the raters was again quite high (.97). These results can 

be considered as an indication that the rubric is well structured and therefore the consistency 

between raters is high. Correlations between independent raters were also examined to control 

for the possibility of inter-rater bias. For this, the evaluations of four experts were used. The 

consistency between the scores given by the four experts to each item varies between .62 and 

.96. In addition, it was observed that there was a very high (.92) consistency between the raters 

according to the total scores. The evidence obtained reveals that reliable scoring can be done 

with the holistic rubric developed in scoring participant responses. In addition, the correlation 

coefficient obtained as a result of the same rater scoring 15 participants at different times was 

calculated as .76. There is a highly significant positive correlation between the rater's first and 

second evaluations made one-month apart. This situation can be evaluated as an indication that 

the scale has reliability over time. 

Finally, it was examined whether two separate scale forms developed to measure critical 

thinking skills could make similar evaluations. The results of the analysis showed that the 

correlation between multiple choice and open-ended tests scores of 11 participants was .46 and 

.65. According to these results, it can be said that there is a moderate positive correlation 

between the scores obtained from the multiple-choice test and the open-ended test. On the other 

hand, considering that the answers to the multiple-choice test are structured, the objectivity is 

strong in the evaluation, and that there may be some limitations in the evaluation of the answers 

to the open-ended test due to expert opinion, this result seems significant. 

In summary, the main purpose of this study was to develop a valid and reliable measurement 

tool that measures critical thinking skills in university students. The results of the analysis 
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provided psychometric support that the measurement tool developed in two forms is valid and 

reliable and can be used to measure critical thinking skills of university students. Considering 

the limited number of measurement tools that measure critical thinking skills based on 

performance, it can be said that the study contributes to the literature (Abrami et al., 2008; 

Facione & Facione, 1992; Ennis & Millman, 1985; Shipman. 1983; Watson & Glaser, 1980). 

In addition, the study contributes to the literature in terms of conceptual perspective as well as 

scale forms. A new conceptual dimension called "Taking Perspective" was added to the existing 

critical thinking dimensions and this was supported by the findings of the research. As a 

meaningful component of critical thinking, perspective taking requires the individual to be able 

to both connect with the person, text, situation, or theme and stay objective by keeping a 

distance from them. In addition, different from the Delphi project, the operational measurement 

of the "Self-Regulation" skill and its inclusion as a basic component in the content of the 

developed scale can be considered as another contribution to the literature. Therefore, the 

conceptual framework of the study can form the basis for the structuring of educational 

programs in the processes of developing and teaching critical thinking, which is conceptualized 

as an important 21st century skill (Duru et al., 2020; Trilling & Fadel, 2009; Van Laar et al., 

2019; Voogt & Roblin, 2012). 

Similarly, the development of the Pamukkale Critical Thinking Skills Scale in two separate 

forms, open-ended and multiple-choice, is another important contribution to the literature. 

While the open-ended form allows to evaluate critical thinking skill in a holistic and 

performance-based manner, the use of multiple-choice form, free from chance factor, seems to 

be advantageous in terms of practical, economic, accessible and time, besides holistic 

evaluation. Therefore, it can be expected that the scale will help field experts and educators 

both in understanding the level of critical thinking skills of university students and in evaluating 

the contribution of curriculum and practices to the development of critical thinking skills. In 

addition, critical thinking is one of the higher-order thinking skills, and individuals with this 

potential can be considered qualified human resources. Therefore, the conceptual framework 

related to scale can contribute to policymakers in determining qualified human resources and 

creating, developing, and planning education policies for this resource. Finally, it can be said 

that the two most important features that distinguish the Pamukkale Critical Thinking Scale 

(PCTS) from similar scales in the literature are that it measures critical thinking skills on a 

performance-based way with a text and can evaluate the individual as a whole in terms of 

critical thinking skills. 

In the light of the above explanations, the findings of this study should be evaluated within the 

framework of some limitations. First, in this study, the psychometric properties of the 

Pamukkale Critical Thinking Skills Scale were tested on the students of the Faculty of 

Education. Therefore, examining the psychometric properties of the scales on different study 

groups and in different universities may contribute to the validity and reliability of the scale 

and the generalizability of the findings. Secondly, the fact that the text created within the scope 

of the study is related to the field of social sciences may have increased the bias in the 

measurement. For this reason, repeating the measurement on a different text related to the 

quantitative field in which tables and graphics are used can serve the purpose of testing the 

conceptual framework used in developing the scale. Third, in this study, predictive and 

discriminant validity studies of Pamukkale Critical Thinking Skills Scale were not conducted. 

New studies to be carried out in this context may contribute to the strengthening of the 

psychometric properties of the scale. Fourth, the structure of the scale was not tested in groups 

with different characteristics in this study. Future studies, with new research on the 

measurement invariance of the scale; It can serve the purpose of testing the structure of the 

scale in groups with different characteristics such as gender, socio-economic level, verbal-

numerical domain. 
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APPENDIX 

Sample Multiple Choice Questions and Some Options 

1. Aşağıdakilerden hangisi metnin amacını en iyi açıklar?  

Metnin amacı, 

a) Aşıların otizme neden olup olmadığını göstermektir. 

b) Aşı ile otizm arasındaki ilişkiye dair bazı tartışmaları sunmaktır. 

c) Otizmin nedenlerini yapılan araştırmaları karşılaştırarak açıklamaktır. 

2. Hangi seçenekte metinden çıkarılabilecek gerekçelerin tamamı birlikte verilmiştir?  

a) Son 20 yılda gelişen teknolojiyle birlikte otizm vakalarının artması- Aşı tartışmaları 

sonucunda ailelerin çocuklarına aşı yaptırmaması- Aşıların içindeki cıvanın otizme neden 

olması- Fazla miktarda balık tüketimi olması 

b) Otizmli 12 çocukla yapılan araştırma sonuçları- Gelişen teknolojinin insan sağlığını tehdit 

etmesi- Cıva içeren balıkların tüketiminin nörolojik hastalıklara neden olması- Otizm ile 

çocuklardaki alüminyum oranı arasındaki ilişki  

c) Otizmli çocukların çoğunluğunun aşılı olması- Otizm ve aşı arasındaki ilişkilerin 

araştırma sonuçlarına dayanması- Son yıllarda otizmin artması- Sayısal verilerle otizm ile 

aşı arasındaki ilişkinin desteklenmesi 

3. Aşağıdakilerden hangisinde bebeklerine aşı yaptırma konusunda kararsız kalan ebeveynlere, 

metinden çıkarılacak gerekçelere dayalı en uygun öneri verilmiştir?  

a) Araştırma sonuçlarından çıkarılacağı gibi aşı yaptırmamalarını önerirdim. Çünkü aşı 

olmayan birçok insan günümüzde sağlıklı bir şekilde hayatlarına devam edebilmektedir. 

b) Farklı kaynaklardan araştırmalarını ve uzmanlara sormalarını önerirdim. Çünkü aşı 

yaptırırlarsa otizm olma, yaptırmazlarsa bulaşıcı hastalıklara yakalanma olasılığı söz 

konusudur. 

c) Farklı kaynaklardan araştırıp, uzmanlara danışmalarını, sonucunda aşı yaptırmalarını 

önerirdim. Çünkü aşı yapılmadığı takdirde bulaşıcı hastalıklarda artış gözlenmiştir. 

4. Aşı yaptırmayı savunan bir çocuk doktorunun bu metni okuduktan sonraki düşüncelerini 

aşağıdakilerden hangisi en iyi yansıtır?  

a) Aşılar gereklidir. Ancak aşıların olası yan etkileri ve ebeveynlerin kaygıları dikkate 

alındığında başka araştırmaların da incelenmesi önemlidir.  

b) Aşı önemlidir, aşı olmayan çocukların bulaşıcı hastalıklara karşı bağışıklıkları düşük 

olduğundan, bebeklere küçük yaştan itibaren aşı yapılmalıdır. 

c) Çocukların daha sağlıklı büyüyebilmesi için bazı aşılar zamanında yapılmalıdır ve en 

kısa sürede tekli aşı sistemine geçilmelidir. 
 
 


