
 

International Journal of Assessment Tools in Education 

 2023, Vol. 10, No. 3, 434–453 

https://doi.org/10.21449/ijate.1279152 

Published at https://ijate.net/              https://dergipark.org.tr/en/pub/ijate                         Research Article 

 

 434 

 

Investigating the sources of differential item functioning: A sample critical 

thinking motivation scale 

 

Fatma Betül Kurnaz 1,*,  Hüseyin Yıldız 2 

 
1Karabuk University, Faculty of Letter, Department of Educational Sciences, Karabük, Türkiye 
2Australian Council for Educational Research, Melbourne, Australia 

 

ARTICLE HISTORY 

Received: Apr. 07, 2023 

Revised: July 17, 2023 

Accepted: July 27, 2023 
 

Keywords: 

Differential item 

functioning,  

Critical thinking,  

Critical thinking 

motivation. 

Abstract: Investigating the existence of items with differential item functioning 

(DIF) may provide more accurate comparisons of group differences in studies that 

aim to compare scores obtained in a test by groups with different characteristics. 

In the present study, a scale measuring critical thinking motivation that was adapted 

to the Turkish culture was applied to 817 participants, who were high school 

graduates, university students, and university graduates. The aim of the study was 

to examine whether the data collected from these participants had DIF or not. 

Hence, DIF analysis of the collected data was performed via the "lordif" function 

in the R "lordif" package. DIF was found to occur in twelve items, three of which 

were related to gender and nine to level of education. While it was revealed that 

the content of the items was the source of gender related DIF, the source of DIF 

related to level of education was found to be the language and expression of the 

items. 

1. INTRODUCTION 

The investigation of the psychometric properties of measurement tools measuring motivational 

factors related to such cognitive factors as success, intelligence, and critical thinking can 

facilitate understanding of the construct that is of cultural interest. In the development and 

adaptation of scales that measure affective factors related to cognitive features such as learning 

motivation, critical thinking dispositions, and beliefs about learning and knowing these cultural 

differences can provide important information to researchers developing or adapting these 

measurement tools. It is stated in the related literature that researchers need not only be well-

informed, but also to provide explanations about the psychometric properties of developed or 

adapted measurement tools (Crocker & Algina, 1986). Adaptation of measurement tools 

developed in different cultures creates discussions on the problem that the construct expected 

to be measured via a measurement tool can show variations across cultures (Cole et al., 1993; 

Ferne & Rupp, 2007). Hence, it is stated in the relevant literature that the construct validity, 

item and test bias as well as cultural norms of measurement tools adapted to different cultures 

particularly need to be investigated when the aim is to make inter-cultural comparisons (Byrne 

et al., 2009). 
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As a result of the adaptation of a scale developed in one culture to another culture, experts may 

seek evidence that the original and adapted measurement forms ensure the equivalence of the 

construct measured, that the scale can reveal the difference between groups in a culture-

independent manner, and that the effect of culture and language on the construct measured is 

reduced. For this reason, studies that provide evidence on how the results obtained from the 

application of the adapted scale represent the construct in the target culture gain importance. 

Such studies may require in-depth qualitative analyses of cultural characteristics as well as 

statistical evidence. 

When a comparison needs to be made among the scores obtained from groups that have 

different characteristics, investigating the presence of differential item functioning (DIF) can 

enable more accurate comparisons regarding group differences (Galic et al., 2014). The present 

study examines the DIF and its sources in a scale measuring critical thinking motivation, which 

was developed in one culture and then adapted to the Turkish culture. 

1.1. Critical Thinking and Motivation 

Critical thinking as defined by Ennis (1996) is “reasonable, reflective thinking that is focused 

on deciding what to believe or do” (p. 166). French et al. (2014) also define critical thinking as 

“the conscious process a person does when s/he explores a situation or a problem from different 

perspectives” (p. 275). Critical thinking, therefore, enables an individual to solve a problem 

more effectively (Ennis, 1993) and also to produce more effective strategies when solving 

problems (Glevey, 2006), and thus facilitates lifelong learning skills (Halpern, 1998). 

Ennis (1996) considers critical thinking dispositions as a component of critical thinking skills 

and emphasizes that critical thinking dispositions, such as “being open to alternatives”, should 

be accepted as part of the critical thinking skill. There are views in the literature supporting that 

critical thinking dispositions are essential for the use of critical thinking skills (Baron, 1985; 

Dewey, 1930; Ennis, 1991; Facione & Facione, 1992; McPeck, 1991; Paul, 1990; Perkins et 

al., 1993). Furthermore, it is claimed that motivation to think critically contributes to the use of 

critical thinking skills (Garcia & Pintrich, 1992; Ingle, 2007; Valenzuala et al., 2011). As 

reported in the literature motivation related beliefs and behaviors of both males and females are 

influenced by cultural stereotyping of gender roles (Meece et al., 2006). Studies on feelings of 

success and motivation have also revealed that males attribute their successes to their abilities; 

on the other hand, females attribute not their successes, but their failures to their abilities (Bar 

Tal, 1978, Crandall et al., 1965; Frieze, 1975). There are also views reported in the literature 

that, in areas culturally associated with gender, females are more disposed to experience learned 

helplessness when compared to males (Eccles et al., 1983, Farmer & Vispoel, 1990). On the 

other hand, a number of research findings also indicate that these gender related differences are 

not behavioral but only emerge in causal relationships (Eccles et al., 1983, Kloosterman, 1990; 

Parsons et al., 1984). Hence, it is important to examine affective factors related to cognitive 

skills in order to understand these constructs and their cultural associations.  

With respect to characteristics regarding critical thinking, such as sustaining a discussion on a 

topic or refuting certain views, it is stated that females display a more accommodationist 

approach than males do. However, females are reported to display more behaviors than those 

of males in critically evaluating their own class performance (Feingold, 1994; Ruble et al., 

1993). While some studies on critical thinking report gender differences (King et al., 1990; 

Serin et al., 2010), some others report no gender differences (Ersözlü & Arslan, 2009; McLean 

& Miller, 2010). French et al. (2012) claim that before such evaluations regarding these kinds 

of differences are made, it is important to examine measures for any indications of DIF. 

While Ernst and Monroe (2004) stated that education has a positive impact on developing 

critical thinking,  Tsui (2000) investigated how campus culture develops critical thinking and 
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highlighted an increase in students’ critical thinking skills and also dispositions in universities 

that support freedom of thinking and are run with a democratic understanding, whereas the 

condition in high school education where students are more passive and not made to engage 

actively in the learning process have a negative impact on the development of critical thinking. 

Taking such information into consideration together with other research findings and expert 

opinions, it can be said that the source of DIF in terms of the level of education variable could 

be language and expression. 

Accordingly, in the present study, it has been considered that such a difference could emerge 

in tests measuring beliefs and perceptions related to cognitive skills such as critical thinking; 

thus, whether there were such gender and level of education related differences in the critical 

thinking, motivation test was investigated by means of DIF. 

1.2. Differential Item Functioning 

Differential item functioning emerges when individuals are at the same ability level but in 

different groups that have different probabilities of providing responses to items (Gierl et al., 

1999). The concept of ability is defined in the Turkish Language Assosiation Updated Turkish 

Dictionary (n.d.) as an individual’s attribute, capability, talent, or capacity to understand or to 

do. Based on this definition, it can be deduced that ability is more to do with the process of 

performing cognitive or psychomotor skills. 

It may not be appropriate to use the concept of ability when defining DIF since when measuring 

affective features, the responses are based on individuals’ self-reports, and there is no right or 

wrong behavior or response. Hence, as the scale in the present study measures an affective 

feature, the definition of DIF is operationalized as the differentiation in the response patterns 

given to some items by individuals at the same affective level but in different groups. Moreover, 

in the discussion on the findings obtained from DIF analyses, the concept critical thinking 

disposition level is used instead of ability level. 

The presence of DIF in an item is believed to be a threat to construct validity (Jensen, 1980; 

Steinberg & Thissen, 2006). Thus, when DIF is found to be present in an item, it is 

recommended that the source should be investigated. This can be done by receiving expert 

opinions on the content of items with DIF in terms of, for example, conceptual or cultural 

features (Ateşok Deveci, 2008; Karakaya & Kutlu, 2012; Yıldırım & Büyüköztürk, 2018). 

When studies on DIF and item bias in the related literature are examined, it is observed that 

DIF is mostly researched in tests measuring cognitive characteristics (e.g., French et al., 2014; 

Kurnaz & Kelecioğlu, 2008; Kurnaz Adıbatmaz & Yıldız, 2020; Maller, 2001; Stump et al., 

2005; Yıldırım & Büyüköztürk, 2018), in national and international measurement tools (e.g., 

Altıntaş & Kutlu, 2019; Kalaycıoğlu & Kelecioğlu, 2011; Karakaya & Kutlu, 2012), and in 

studies on the development or adaptation of measurement tools (e.g., do Nascimento et al., 

2021; Nielsen & Dammeyer, 2019). In recent years, the number of studies investigating DIF or 

item bias in measurement tools measuring affective characteristics (Gök et al., 2014; Garcia et 

al., 2021; Köse, 2015; Lau et al., 2020; Şengül Avşar & Emons, 2021; Usta, 2020) is becoming 

increasingly prevalent. It is believed that the present study will contribute to the literature in 

terms of DIF identification and the investigation of its sources based on data obtained from the 

administration of the measurement tool measuring an affective characteristic, namely critical 

thinking motivation. 

In the Critical Thinking Motivation Scale used in the present study, the scores obtained from 

the items are evaluated with a mark ranging from 1 to 6: high scores indicate high critical 

thinking motivation levels.  When DIF is found to be present in the items of the measurement 

tool, it is concluded that individuals at the same critical thinking motivation level but in different 

groups have a varying probability of providing responses to items. When this is the case, it is 
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important that the items be examined for any expression or content that may be causing DIF. 

The findings of the present study can be instructive for researchers in two ways: first, if there 

are words and expressions that have an informative effect during the development or adaptation 

stage of a measurement tool, a finding can be generated on the discussion of how these can be 

eliminated; second, findings can be generated on whether results obtained from measurement 

tools create a difference stemming from items across the groups in terms of male and female 

scores or by level of education. In the measurement of cognitive or affective features, 

comparisons by gender and level of education are highly common; hence, the present study was 

designed to take into consideration the variables of gender and level of education. 

In the present study, the responses to the following research questions were sought:  

1. Do the items in the Critical Thinking Motivation Scale include DIF based on gender and 

level of education? 

2. If there are items with DIF in the Critical Thinking Motivation Scale, how can the source of 

DIF in these items be accounted for? 

2. METHOD 

2.1. Study Group 

In the present study, data were collected from 1050 individuals residing in various provinces in 

Türkiye and examined for univariate and multivariate outliers, while some part of the data were 

removed from the dataset in order to meet the fundamental statistical assumptions. 

In total, data from 817 individuals were utilized in the DIF analysis.  The age mean of the study 

group was 22.02±2.8 years. Of the participants, 47.5% were female, while 52.5% were male.  

The study group characteristics are presented in Table 1. 

Table 1. Study group characteristics. 

 Variable Number Percentage 

Gender 
Female 429 47.5 

Male 388 52.5 

Province 

İstanbul 92 11.3 

Ankara 92 11.3 

Karabük 80 9.8 

Konya 77 9.4 

Kastamonu 45 5.5 

Ağrı 39 4.8 

Mersin 36 4.4 

Afyon 32 3.9 

Bursa 46 5.6 

Çankırı 48 5.9 

Gaziantep 42 5.1 

Hatay 40 4.9 

Samsun 31 3.8 

Sakarya 44 5.4 

Other 73 8.9 

Level of education 

High school graduate 109 13.3 

University student 547 67.0 

University graduate 161 19.7 
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The data were collected from individuals residing in different provinces, namely İstanbul 

(11.3%), Ankara (11.3%), Konya (9.4%), and Karabük (9.8%). The collection of data from 

individuals living in different provinces is believed to increase the generalizability of the 

findings. In consideration of the measurement tool features, it was decided that the participants 

needed to be at least a high school graduate, which was set as a criterion in data collection. The 

study group was comprised of individuals who were high school graduates (n= 109, 13.3%), 

university students (n= 547, 67.0%), and university graduates (n=161, 19.7%). 

2.2. Data Collection Tools 

In the present study, the Critical Thinking Motivation Scale (Valenzuala Nieto & Saiz, 2011) 

adapted to the Turkish culture by Dönmez and Kaya (2016) was utilized. The Scale consisted 

of five subfactors, namely expectancy, attainment, intrinsic/interest value, utility, and cost and 

19 items and the highest and lowest scores that could be obtained from the Scale were 114 and 

19, respectively. The participants were expected to mark one of the six degrees of agreement in 

the Likert scale that they found most appropriate: (1 = “Strongly disagree”, 6 = “Strongly 

agree”), while the Scale did not have any items that required inverse marking. 

The items in the Scale aimed to measure the participants’ expectations regarding critical and 

conscientious thinking (expectation) and the meaning they attributed to such thinking (value). 

The higher the total score obtained from the Scale was, the higher the participant’s critical 

thinking disposition (that is critical thinking expectation and value) was interpreted to be; 

conversely, the lower the total score of the participant was, the lower the participant’s critical 

thinking disposition (i.e. critical thinking expectation and value) was interpreted to be. 

The scale was administered to 312 university students during its adaptation to the Turkish 

culture. The data collected from these participants were analyzed and the analysis results 

showed that all 19 items were categorized into five factors with eigenvalues values higher than 

1 and they accounted for 67.91% of the total variance. The χ2/df fit index value of the 

confirmatory factor analysis was 1.53. The NFI, CFI, and RMSEA were found to be 0.85, 0.94, 

and 0.58, respectively. Cronbach alpha coefficient of the scale was calculated between .73 

and .85 for sub-dimensions and total score. These findings suggest that the research is valid at 

an acceptable level. 

2.3. Data Collection and Analysis 

The study was reported to be ethically appropriate in terms of ethical principles by the Karabük 

University Social and Human Sciences Research Ethics Committee (Decision number: E-

78977401-050.02.04-49379). The items in the data collection tool and the questions found 

essential in the personal information form were used to develop an electronic Google form. 

This online form was sent to the participants, who voluntarily participated in the study. 

The data were collected with the assistance of Karabük University students volunteering to 

contribute to the study. These students were asked to send the data collection form via Google 

forms to university students or high school graduates they knew. The collection of data via 

Google forms prevented the loss of data in the data set. Data were collected from 1050 

individuals living in different provinces in Türkiye. However, during the stage of testing the 

fundamental assumptions, 233 data were removed from the data set after checking for the 

univariate and multivariate outliers. 

It is recommended in the literature on scale adaptation that data obtained from the scale adapted 

should be checked for reliability in all the studies in which the scale is used. Hence, to check 

the reliability of the data obtained in the present study, the Cronbach alpha coefficient was 

calculated, and the reliability was found to be 0.88. The internal consistency of the sub-

dimensions ranged between .76 and .80. 
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Prior to DIF analyses, unidimensionality and the normal distribution of the data were examined. 

To examine whether the data obtained from the measurement tool met the normality 

assumption, the skewness and kurtosis values were used. In the distribution, the skewness and 

kurtosis values were found to be 0.252 and -0.571, respectively; the standard error of skewness 

was calculated to be 0.086 and the standard error of kurtosis was 0.171. These values indicate 

that the distribution met the normality assumption (Büyüköztürk, 2021). 

To examine the unidimensional outlier values in the distribution, Z standard scores were 

calculated for each item. All the items had Z standard scores ranging between 1.019 and -4.93. 

The unidimensional outliers in the distribution were eliminated, and after each outlier value 

was removed, the Z standard scores were recalculated for all the items and for all the 

participants.  In the final data, the Z standard scores  were found to  range  between 1.44  and   

-3.95. When the sample size is large, Z standard score that is ±3 is an expected condition. When 

this is the case, it is more appropriate to interpret the Z standard scores together with the mean, 

standard deviation, and the lowest and highest values (Tabachnick & Fidell, 2007). 

On the other hand, multidimensional outliers were compared with the Mahalonobis distances 

(α=.001) and the critical chi-square value for K-1 degrees of freedom for all the items in the 

test of all the participants. The Mahalonobis distances ranged between the values of 1.11 and 

113.6. At this stage, the data that showed deviation higher than the critical chi-square value was 

removed from the data set; subsequently, the Z score distributions and the Mahalonobis 

distances were reexamined. In the final data (N=817), the Mahalonobis distances were found 

to range between 42.2 and 1.72. The critical chi-square value for 18 degrees of freedom was 

42.31. As there was no critical chi-square value exceeding the Mahalonobis distance, it could 

be concluded that there were no multidimensional outlier values in the data distribution (Mertler 

& Vannatta, 2005). On the other hand, kurtosis and skewness values were also calculated for 

all the items in order to check the multidimensional normality assumption, and these values 

were found to be between -1.2 and 0.89. It can therefore be said that each item is normally 

distributed separately and together. 

After the removal of the unidimensional and multidimensional outlier values, which is essential 

for the administration of parametric tests that have multivariate data, other assumptions were 

tested. Exploratory factor analysis (EFA) and confirmatory factor analysis (CFA) were 

performed with the data in order to examine unidimensionality in the distribution. The scatter 

plot obtained and the factors, the eigenvalues of the factors, and their contribution to the total 

variance are presented in Figure 1 and Table 2, respectively. 

Figure 1. Scatter plot. 
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Table 2. Factor eigenvalues and their contribution to the total variance based on the EFA results. 

Factor Eigenvalue Explained total variance  

1 5.983 31.490 

2 1.865 9.817 

3 1.466 7.713 

4 1.221 6.426 

5 .971 5.111 

It can be observed in the scatter plot in Figure 1 that while there is an abrupt fall after the slope 

of the first factor, the slope for the second and third factors has formed a plateau. The EFA 

results in Table 2 show that the difference between the eigenvalue of the first factor and the 

eigenvalue of the second value is higher than the differences between the eigenvalues of the 

other factors; the contribution of the first factor to the total variance is higher than the 

contribution of the other factors, which indicates that the unidimensionality assumption is met 

(Hambleton & Swaminathan, 1989). Meeting the unidimensionality assumption provides 

evidence for having met the local independence assumption (Hambleton et al., 1991). 

The validity of the Critical Thinking Motivation Scale was checked with CFA for the sample 

group in this study and it was concluded that the measurement tool produced valid results 

(χ2=590,415; χ2/df=4,2; CFI=.92; GFI=.93; AGFI=.91; RMR=.045; NFI=.89; RMSEA=.06). 

Based on the evidence obtained as a result of the assumption checking analyses, it was 

concluded that the fundamental assumptions were met. The DIF analyses of the data collected 

were performed via the ‘lordif’ function in the R ‘lordif’ package (Choi et al., 2011). The lordif 

package was used because when DIF is identified in items that are scored across multiple 

categories and when there are more than two group variables, one of these variables is included 

in the model as a set of puppet variables. During the analysis process, the Generalized Partial 

Credit Model from the Item Response Theory was used (Muraki, 1992). In the Generalized 

Partial Credit Model, when DIF analysis is performed in the items to which weighted scoring 

is applied, the discriminatory parameters are also included in the model. 

A form was developed to obtain expert opinions regarding the sources of DIF found to exist in 

some of the items; opinions were obtained from five measurement and evaluation experts, a 

child development expert who had worked on critical thinking, and a sociologist who had 

studied social classes and sexism. In the expert opinion form, an explanation of DIF was 

provided, the items with DIF and which groups these items favored were stated, and their 

opinions were asked about what the sources of the DIF could be. The results were interpreted 

and discussed based on these expert opinions. 

3. RESULTS 

The present study initially investigated whether there were items with DIF in the Critical 

Thinking Motivation Scale based on gender and level of education and then examined the 

sources of the items having DIF based on experts’ opinions. Hence, this section is presented 

under two subtitles, which report results obtained from the analysis of DIF and results obtained 

from expert opinions regarding the sources of DIF. 

3.1. The DIF Analysis Results 

Whether or not the items displayed DIF based on gender and level of education was examined 

in the study and the results obtained are presented in Table 3. 
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Table 3. DIF results based on the variables of gender and level of education. 

Variable 

Item Number Gender Level of Education 

Uniform 

(p) 

Non-uniform 

(p) 

Uniform 

(c2) 

Non-uniform 

(c2) 

1 0.065 0.422 0.017 0.004* 

2 0.934 0.962 0.005* 0.651 

3 0.011 0.105 0.003* 0.575 

4 0.325 0.863 0.001* 0.130 

5 0.005* 0.021 0.692 0.447 

6 0.034 0.357 0.313 0.515 

7 0.006* 0.820 0.646 0.851 

8 0.199 0.379 0.472 0.748 

9 0.746 0.234 0.006* 0.025 

10 0.237 0.311 0.001* 0.557 

11 0.932 0.745 0.057 0.682 

12 0.502 0.844 0.002* 0.104 

13 0.308 0.986 0.008* 0.980 

14 0.071 0.562 0.008* 0.308 

15 0.006* 0.929 0.790 0.669 

16 0.021 0.288 0.090 0.773 

17 0.084 0.150 0.651 0.064 

18 0.197 0.038 0.612 0.415 

19 0.887 0.720 0.618 0.661 

* Identification of DIF at .01 significance level 

In the present study, the analyses based on the gender variable yielded three items with DIF, 

namely Items 5, 7, and 15. On the other hand, the analyses based on level of education yielded 

a total of nine items with DIF, namely Items 1, 2, 3, 4, 9, 10, 12, 13, and 14. 

The scatter plot of the difference between the test characteristic curves of the items identified 

with DIF based on the gender variable and the predicted levels of critical thinking dispositions 

after the items with DIF were removed from the test is displayed in Figure 2. 

When the test characteristic curves of the items with DIF are examined in Figure 2, it can be 

revealed that the items displaying DIF based on gender were in favor of female participants 

with low levels of critical thinking dispositions. In the scatter plot depicting the differences 

among the predicted critical thinking dispositions levels after items with DIF were removed 

from the test, the values on the y axis represent the difference between the predicted critical 

thinking disposition levels obtained from the entire scale and the critical thinking disposition 

levels after the items with DIF were removed from the test. It can be stated that individuals with 

a positive value on the vertical axis were influenced negatively from the items with DIF, while 

those with a negative value were positively influenced by the items with DIF. Accordingly, it 

can be said that items with DIF generally functioned in favor of female participants. 
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Figure 2. The scatter plot of the difference between the test characteristic curves of the items identified 

with DIF based on the gender variable and the predicted levels of critical thinking dispositions after the 

items with DIF were removed from the test. 

 

 

The scatter plot of the difference between the test characteristic curves of the items identified 

with DIF based on the level of education variable and the predicted levels of critical thinking 

dispositions after the items with DIF were removed from the test is displayed in Figure 3. In 

the graphs, Group 1 represents individuals who are high school graduates and work in a job; 

Group 2 represents the university students; and Group 3 represents university graduates who 

have an occupation. 

When the test characteristic curves of items identified as having DIF are examined in Figure 3, 

it can be observed that Items 1, 2, 3, 4, and 13 function in favor of university graduates, Items 

9, 10 and 12 function in favor of university students, and Item 14 functions in favor of high 

school graduates. One other finding that was obtained was that results varied in items at low 

and high critical thinking disposition levels. It was generally observed that in items with DIF, 

the difference between university graduates and high school graduates was larger. Since the 

identification of the sources of DIF in the related items may provide important information to 

researchers who develop or adapt scales, the content of the items with DIF examined by the 

experts and the results obtained are provided in Figure 3. 
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Figure 3. The scatterplot of the difference between the test characteristic curves of the items identified 

with DIF based on the level of education variable and the predicted levels of critical thinking 

dispositions after the items with DIF were removed from the test. 

 

 

 

3.2. Results on Expert Opinions on DIF Resources 

The items identified as having DIF were examined in terms of item bias based on expert 

opinion. The experts were asked whether the items with DIF based on gender/level of education 

constituted a source of bias. The items with DIF by gender and level of education are presented 

in Table 4.  

It was revealed that expert opinions had two foci as regards the source of DIF in items with DIF 

based on the gender factor. The first was that the ways of expression in some items in the 

measurement tool (e.g., reasoning correctly) could lead to DIF. Second, in Items 5, 7 and 12, 
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expressions such as “…learning is important”, “For me it is important to use my intellectual 

skills”, …I like to think” could have increased women’s inclination to provide “the response 

expected by the environment”. 

Table 4. Items identified to have DIF. 

Variable 
Item 

number 
Sub- factor Item with DIF Group 

Gender 

5 Attainment 
For me it is important to learn how to 

reason correctly.  
In favor of 

women 7 Attainment 
For me it is important to use my 

intellectual skills.  

15 Utility I like to think critically.  

Level of 

education 

1 Expectancy 
Concerning reasoning correctly, I am 

better than most of my peers. 

In favor of 

university 

graduates 

2 Expectancy 
I am capable of understanding everything 

related to thinking in a rigorous way. 

3 Expectancy 
I am able to learn how to think in a 

rigorous way. 

4 Expectancy 
I am able to learn how to reason correctly 

better than most of my peers. 

13 Utility 
I like to reason properly before deciding 

about something. 

9 
Intrinsic 

value/ interest 

Thinking critically will help me to 

become a good professional. 
In favor of 

university 

students 

10 
Intrinsic 

value/ interest 

Thinking critically will be useful for my 

future.  

12 
Intrinsic 

value/ interest 

Thinking critically is useful for other 

subjects and courses. 

14 Utility 
I like to learn things that will improve my 

way of thinking. 

In favor of 

high school 

graduates 

In items with DIF based on the subfactor of level of education, it was revealed that expert 

opinions regarding sources of DIF had three foci. The first opinion was that the expressions of 

some of the items in the measurement tool (e.g., reasoning correctly, being a good professional, 

how to think in a rigorous way) could be the source of DIF. The second was that being a 

university student or being a university graduate could increase individuals’ motivation to think 

critically. The third opinion was the probability of high school graduates’ refraining from 

answering items with high scores when the content was based on such expressions as being 

better or being a professional. Such findings are addressed in the discussion section in detail 

with samples from expert opinions. 

According to expert opinions, the formation of DIF in three items (Items 5, 7, and 15) based on 

gender can be attributed to the fact that women with low critical thinking dispositions have a 

high tendency to meet societal expectations. Below are direct quotations from experts’ views 

regarding this issue: 

“that women need to develop correct reasoning skills to free themselves from the secondary 

position they are in when compared to men is a social reality. That women who do not 

learn to reason correctly will be eliminated from the system faster than men has been 
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engrained into women’s mind as a cultural code.  Conversely, the errors that men make in 

society or their incorrect reasonings are tolerated more when compared to those of 

women.” 

Expert A 

“Regarding this topic, the metaphor of “leaking pipe” explains this topic in more detail. 

According to this approach, as a result of the challenges women face, they are eliminated 

within the process. Women who do not want to be eliminated must learn to think more 

accurately.  For women, critical thinking is an important step to move out of the patriarchal 

system they are a part of. It is by this means that they can question the system and can 

struggle to raise themselves to the position they ‘desire/deserve’.” 

Expert D 

Moreover, based on these findings, it can be highlighted that the adaptation of a scale to a new 

culture does not merely consist of psychometric calculations, and thus examining the cultural 

background of the measurement tool being adapted is important. In terms of level of education, 

the experts were of the common opinion that being a university student, or a university graduate 

could increase their motivation to think critically. Direct quotations from experts’ opinions on 

the topic are provided as follows: 

“…it reveals that not only education, but the university environment is also influential in 

the development of critical thinking. By creating a learning environment where students 

are encouraged to participate in discussions and debates on social and political topics, it 

appears that a campus culture with social and political awareness is conducive to 

development of critical thinking skills. The factor underlying the fact that university 

graduates evaluate the item with a high score when compared to high school graduates at 

the same ability level is not only about level of education but also the learning environment 

and the campus culture, which should not be disregarded.” 

Expert A 

“Thus, it could be that university graduates felt a higher need for thinking skills and the 

need to think. It is known that when compared to other people, those with a high need to 

think are more realistic in terms of their self-predictions. And when I look at the items here 

it seems that people were asked to make predictions about their own performance 

regarding critical thinking. University graduates could be more conscious about this as 

well.” 

Expert B 

“Reasoning correctly. “It doesn’t look appropriate to the Turkish language structure to 

me. “Does it mean evaluating events accurately? How will inaccurate reasoning occur? 

These could stem from the unclarity of the expressions, from the university graduates’ 

getting a different meaning from the item.  

Expert C 

4. DISCUSSION and CONCLUSION 

The accuracy of the evaluation of the results obtained from the administration of a measurement 

tool depends on the aim of the measurement tool in subject and in its technical adequacy (Glover 

& Albers, 2007). When a measurement tool developed in one culture is adapted to another 

culture, the linguistic and cultural differences between the respondents can substantially 

threaten the validity and the psychometric properties of the measurement tool (Hambleton et 

al., 2004). When measurement tools are adapted, in some circumstances, words or phrases used 

in the developed and adapted tools do not convey the same meaning either linguistically or 

culturally. When such a condition is present, the equivalence of the original and the adapted 

form is distorted, and the validity of the adapted tool becomes questionable (Poortinga, 1989). 
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The items and item content of adapted scales are expected to accurately reflect the differences 

between subgroups in the target culture. Examination of changing item function or item bias is 

a common way to investigate such differences. If the response behavior for an item varies 

between two individuals from the same culture who have the same level of the measured 

feature, and if this creates variance against or in favor of one of the groups, then this can cause 

wrong decisions to be made in between-group comparisons. DIF can provide crucial 

information to test developers or adaptors to identify such conditions and to investigate the 

sources of DIF. 

In a study by Gallos (1995) it is reported that there is a significant relationship between critical 

thinking and gender, and that the reason underlying this is a learning environment that is in 

favor of males; it is also stated that females have more doubts than males have about their 

abilities/talents and intellectual competences; when females encounter failure, they more often 

impose the causes of failure upon themselves, while males do so on external conditions; and it 

was revealed that females are less likely than men to initiate small learning groups and to 

participate in these; however, when they are encouraged to do so, they are as successful as 

males. 

Taking into consideration experts’ opinions as well as the findings reported in the study by 

Gallos (1995), the reason why the items with DIF in the present study that are in favor of 

females at the same level in terms of the feature measured could be related to cultural codes 

and gender based cultural experiences. The non-existence of DIF in the other levels of the 

measured feature – that DIF only existed in low levels – could be attributed to the fact that 

women at low levels regarding the measured feature could have changed the meaning they 

derived from the items or caused a social acceptance error. 

In items measuring affective features, the individual reads the items, attributes meaning to them, 

and then selects the item found most appropriate. As in maximum success tests, there is no 

response that is the most accurate nor an expected response. The responses are based on what 

the respondent finds appropriate. Hence, when interpreting the item, the individual is expected 

to remain completely independent of social norms or social doctrines; however, this may not 

be an easy task for test implementers or evaluators in real life. In this case, when writing items, 

many elements, such as social doctrines, collective subconscious, and culture need to be taken 

into consideration, and the feature measured through items should be freed of these contexts. 

To illustrate, in the fifth item (For me, reasoning correctly is important), a female respondent 

who has a low level of the measured feature can be disposed to select ‘strongly agree’ in an 

item to meet societal expectations; that is because she accepts the society’s expectations of her 

to provide the correct response. If individuals in different groups (e.g., men and women) who 

have the same level of the measured trait understand the item or the meaning they attribute to 

the item changes, it can be said that the item does not represent the construct to the same degree 

in these groups (Davidov et al., 2014; Millsap, 2012). 

Schwartz and Meyer (2010) state that all research areas are influenced by cultural practices 

(e.g., language, traditions), cultural values (e.g., individual versus group), and cultural identity 

(e.g., allegiance to a particular group). At the outset, it is important to examine how the 

motivation for critical thinking differs in the cultural context between men and women, as well 

as from those with higher to those with lower levels of education. In this respect, it is important 

to examine the psychological and sociological contexts of test development or adaptation 

processes and to examine what the meanings attributed to the language used in the items mean 

for individuals in different groups. The development or adaptation of a measurement tool is an 

effort to find the best meaning to represent the measured construct. 

Kholberg (1973) stated that the majority of female participants displayed a moral tendency to 

be a ‘good child’ in terms of the responses given to conflict entailing questions in the moral 
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development theory; Gilligan (1979) attributed this to cultural doctrines. In the phase of ‘being 

a good child’ in Kholberg’s moral development theory, the individual tends to display behaviors 

accepted to be appropriate by the society in order to get others’ approval. It would not be wrong 

to state that the stories that entail conflicts in Kholberg’s theory requires critical thinking and 

critical evaluation. Hence, the results from Kholberg (1973) and Gilligan (1979) support the 

findings obtained from the present study. 

When Tedesco was writing about her book titled Women’s Ways of Knowing in 1991, she stated 

that women believed that language was not dependable, that they experienced difficulties in 

expressing their self-identity and preferred to remain silent, that women who possessed learned 

knowledge did not believe they could provide the correct responses, and that they would echo 

others’ voices rather than express their own; she stated that apart from those whom they decide 

to be the same in terms of background, conditions or views, they were generally reluctant to 

share their inner world with others. Considering this, it can be stated that in items measuring 

females’ affective features, there is an important cultural process, and that this cultural process 

should be carefully examined when creating items in a test or scale.  

When Jensen (1980) explained the relationship between culture, language, and test bias, s/he 

explained culture sterility of a test as ‘distance from culture’ and stated that when a measure 

tool is translated into another language, it will have a different content and the meaning 

attributed to the items may vary. Considering that the groups responding to the items are from 

different subcultures in terms of gender, level of education etc., it may be important in terms of 

the construct validity of measurement tools to be reconstructed so that items with DIF convey 

the same meaning to all the subgroups.  

Hambelton and Rogers (1995) stated that to prevent items in a test from creating bias in favor 

of/against a prevalent culture or subcultures, the following questions need to be answered: 

(1)  Does the item include words that express different meanings to different sub sociocultural 

groups or words that are unfamiliar to those subgroups? 

(2) Does the item include words that are difficult to understand?  

(3) Does the item include words that are peculiar to a certain region or words that are not used 

frequently across the country? 

When this information and the expert opinions in the present study are examined in 

combination, it can be concluded that there may be content that causes DIF in the language and 

expressions of the items. It is possible to state that an examination of the items with DIF 

revealed that university graduates, when compared to the other education level participants but 

with the same level of the feature being measured, had more often marked the options that 

yielded higher scores in items such as “…I am better than most of my peers”, “…I find myself 

proficient”, and “I like to reason before I decide about something.” As for the university 

students, they more often marked the higher end of the Likert scale in items when compared to 

the other participants with the same level of the feature being measured in items such as “…it 

will help me become a good professional”, and “…it will be helpful for my future.” On the other 

hand, high school graduates, when compared to the other participants with the same level of 

features being measured, seemed to mark the ‘strongly agree’ option more often in the item that 

read ‘I like to learn things that will improve my way of thinking’. The respondents’ item 

response behaviors seem to be related to how they perceive themselves based on their level of 

education and what they expect from themselves based on their social status. This could indicate 

that when the content of items is interpreted, individuals create meaning based on their social 

status and what is expected of them; this can create a difference in the scores of individuals in 

different groups but with the same level of critical thinking disposition. 
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Lau et al. (2023) administered a scale measuring gelotophobia, gelotophilia, and 

catagelasticism to university students in Taiwan and Canada. The Canadian English version 

was adapted from the German version. English version was then adapted into Taiwanese 

Chinese. While there were no items with DIF in the data obtained from the Canada sample, five 

items with DIF were found in the Taiwan sample. Only one of these items had a significant 

level. Then, in the data collected from Canada, DIF was calculated for the subgroups defined 

as Chinese living in Canada and answering the English form. In the data obtained from the 

English form, it was determined that there was no DIF for this subgroup and the reason for the 

DIF in the item was explained by the meaning changes in the words during the translation 

process. These results obtained from the study of Lau et al. (2023) confirm the argument of this 

study. In the adapted tests, it can be said that the translation processes and the meanings of the 

items affect the power to represent the construct. 

Osterlind (1983) and Jensen (1980) highlighted that DIF in items or item bias can be caused by 

external factors such as culture and environment. Accordingly, based on the results of the 

present study, it can be valid to say that there may be external bias causing DIF, but the language 

and expressions in the measurement tool also increase the probability of DIF in the related 

items. 

Considering the results of the present study, it can be said that validity evidence based solely 

on translation processes and psychometric computations of the measurement tools adapted to 

the Turkish culture may not be sufficient. In data obtained from the administration of developed 

or adapted measurement tools, investigating DIF can also yield significant evidence regarding 

the validity of a scale. Furthermore, it can be argued that it is important to examine the nature 

of the impact of how items are understood in the sub cultural groups by receiving opinions of 

experts in such areas as sociology and psychology. 

One of the limitations of this research is that most of the data collected in this study were from 

university students. It is not known in which direction increasing the number of high school 

students and high school graduates would change the results. Since the research is based on 

individuals' self-report, it is assumed that the participants answered the items sincerely and 

accurately and that their reading comprehension skills were at a similar level. The evidence of 

reliability and validity in the study confirms these assumptions. 

Researchers can examine DIF in tools measuring different affective features. In achievement 

tests and tests measuring affective features, respondent behaviors will show variation based on 

the structure of the feature being measured. Hence, in tools measuring affective features, 

investigating DIF can lead to different results. In addition, two different tools measuring critical 

thinking and critical thinking motivation can be administered to the same group, and the scores 

obtained from the achievement test can be used as an external criterion. In this way, findings 

based on the relationship between real performance and the affective feature related to the 

performance can be obtained. 
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Ateşok Deveci, N. (2008). Examination of Inter-university Board foreign language test in the 

frame of item bias. [Doctoral dissertation, Ankara University]. https://tez.yok.gov.tr 

Athman Ernst, J., & Monroe, M. (2004). The effects of environment‐based education on 

students' critical thinking skills and disposition toward critical thinking. Environmental 

Education Research, 10(4), 507-522. https://doi.org/10.1080/1350462042000291038 

Bar-Tal, D. (1978). Attributional analysis of achievement-related behavior. Review of 

Educational Research, 48(2), 259–271. https://doi.org/10.3102/00346543048002259 

Baron, J. (1985). Rationality and intelligence. Cambridge University Press. 

Büyüköztürk, Ş. (2021). Sosyal bilimler için veri analizi el kitabı [Data analysis handbook for 

social sciences]. PegemA. 

Byrne, B.M., Oakland, T., Leong, F.T.L., Van De Vijver, F.J.R., Hambleton, R.K., Cheung, F. 

M., & Bartram, D. (2009). A critical analysis of cross-cultural research and testing 

practices: Implications for improved education and training in psychology. Training and 

Education in Professional Psychology, 3, 94-105. https://doi.org/10.1037/a0014516 

Choi, S.W., Gibbons, L.E., & Crane, P.K. (2011). Lordif: An R package for detecting 

differential item functioning using iterative hybrid ordinal logistic regression/item 

response theory and Monte Carlo simulations. Journal of Statistical Software, 39(8), 1. 

https://doi.org/10.18637/jss.v039.i08 

Cole, D.A., Maxwell, S.E., Avery, R., & Salas, E. (1993). Multivariate group comparisons of 

variable systems: MANOVA and structural equation modeling. Psychological Bulletin, 

114, 174-184. https://doi.org/10.1037/0033-2909.114.1.174 

Crandall, V.C., Katkovsky, W., & Crandall, V.J. (1965). Children’s belief in their own control 

of reinforcement in intellectual-academic achievement situations. Child Development, 36, 

91–109. https://doi.org/10.2307/1126783 

Crane, P.K., Gibbons, L.E., Jolley, L., & Van Belle, G. (2006). Differential item functioning 

analysis with ordinal logistic regression techniques: DIF detect and difwithpar. Medical 

Care, 44(11), 115-123. https://www.jstor.org/stable/41219511 

Crocker, L., & Algina, J. (1986). Introduction to classical and modern test theory. Thomson 

Learning. 

Davidov, E., Meuleman, B., Cieciuch, J., Schmidt, P., & Billiet, J. (2014). Measurement 

equivalence in cross-national research. Annual Review of Sociology, 40, 55-75. 

https://doi.org/10.1146/annurev-soc-071913-043137 

Dewey, J. (1930). Human nature and conduct. The Modern Library. 

do Nascimento, C.D., Peter, W.F., Ribeiro, I.M., Moreira, B.S., Lima, V.P., Kirkwood, R.N., 

& Bastone, A.C. (2021). Cross-cultural validity of the animated activity questionnaire for 

patients with hip and knee osteoarthritis: A comparison between the Netherlands and 

Brazil, Brazilian Journal of Physical Therapy, 25(6):767-774. http://doi.org/10.1016/j.b

jpt.2021.06.002 
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